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Added Value of Next-Generation
Sequencing for Multilocus
Sequence Typing Analysis
of a Pneumocystis jirovecii

Pneumonia Outbreak?

Elena Charpentier, Cécile Garnaud, Claire Wintenberger, Sébastien Bailly,
Jean-Benjamin Murat,? John Rendu, Patricia Pavese, Thibault Drouet, Caroline Augier,
Paolo Malvezzi, Anne Thiébaut-Bertrand, Marie-Reine Mallaret, Olivier Epaulard,
Muriel Cornet, Sylvie Larrat, Daniéle Maubon

Pneumocystis jirovecii is a major threat for immunocompro-
mised patients, and clusters of pneumocystis pneumonia
(PCP) have been increasingly described in transplant units
during the past decade. Exploring an outbreak transmission
network requires complementary spatiotemporal and strain-
typing approaches. We analyzed a PCP outbreak and dem-
onstrated the added value of next-generation sequencing
(NGS) for the multilocus sequence typing (MLST) study of
P. jirovecii strains. Thirty-two PCP patients were included.
Among the 12 solid organ transplant patients, 5 shared a
major and unique genotype that was also found as a mi-
nor strain in a sixth patient. A transmission map analysis
strengthened the suspicion of nosocomial acquisition of this
strain for the 6 patients. NGS-MLST enables accurate de-
termination of subpopulation, which allowed excluding other
patients from the transmission network. NGS-MLST geno-
typing approach was essential to deciphering this outbreak.
This innovative approach brings new insights for future epi-
demiologic studies on this uncultivable opportunistic fungus.

P neumocystis jirovecii pneumonia (PCP) is a life-threat-
ening opportunistic disease that poses a particular
threat in healthcare units that manage patients with oncohe-
matologic conditions, patients having received solid organ

Author affiliations: Centre Hospitalier Universitaire Grenoble
Alpes, Grenoble, France (E. Charpentier, C. Garnaud,

C. Wintenberger, J.-B. Murat, J. Rendu, P. Pavese, T. Drouet,
C. Augier, P. Malvezzi, A. Thiébaut-Bertrand, M.-R. Mallaret,
O. Epaulard, M. Cornet, S. Larrat, D. Maubon); Université
Grenoble Alpes, Grenoble (E. Charpentier, C. Garnaud,

M.-R. Mallaret, O. Epaulard, M. Cornet, S. Larrat, D. Maubon),
Institut National de la Santé et de la Recherche Médicale
Université Paris Diderot, Paris, France (S. Bailly)

DOI: https://doi.org/10.3201/eid2308.161295

Emerging Infectious Diseases * www.cdc.gov/eid * Vol. 23, No. 8, August 2017

transplants (SOTs), and HIV-infected patients. The inci-
dence of PCP among SOT recipients has increased marked-
ly since the early 2000s, concomitant with the development
of more intensive immunosuppressive therapy and increas-
ing organ transplant procedures (1). During 2001-2010,
the incidence of PCP among HIV-positive/AIDS patients
in France dropped from 2.4 to 0.7 cases/10%/year (—14.2%/
year), whereas incidence increased from 0.13 to 0.35 cas-
es/10%/year (+13.3%/year) among patients without HIV in-
fection (2). For SOT patients in France, the incidence of PCP
increased by 13% during 2004-2010 (2). Moreover, mul-
tiple outbreak clusters in this specific population have been
reported (3-5). Patients receiving renal transplants are par-
ticularly at risk; most reported PCP clusters have occurred
in kidney transplant units (6). These outbreaks support the
hypothesis of a de novo person-to-person transmission of P.
jirovecii and its potential for nosocomial spread (7).
Exploring an outbreak transmission network requires
spatiotemporal and strain-typing approaches. Various ge-
notyping approaches to the study of P. jirovecii epidemi-
ology have been described (8-12). Genotyping based on
multilocus sequence typing (MLST) is standard for strain
characterization, especially for organisms that are not eas-
ily cultivable, because it provides excellent discrimina-
tory power and reproducibility (3,4,13,14). Multiple P.
jirovecii strains isolated from a unique respiratory sample
have frequently been reported (6-8,10). The proportions
of these mixed strains in samples varied substantially ac-
cording to the genotyping method (6-8). MLST has been

Preliminary results from this study were presented at the
American Society for Microbiology Microbe 2016 Conference,
June 16-20, 2016, Boston, Massachusetts, USA.

2Current affiliation: Centre Hospitalier Universitaire Limoges,
Limoges, France.
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used previously to study PCP outbreaks, but first-generation
sequencing technology (i.e., Sanger sequencing) presents
limitations for subpopulations characterization. In the use
of Sanger sequencing technology, minor variant detection
is generally restricted to strains with a relative abundance of
DNA (>20% of the total amount) and requires an amplicon
cloning step and the sequencing of >5 clones (6,15-17).
Next-generation sequencing (NGS) technologies yield
improved performance. Because of clonal amplification
before sequence acquisition, these technologies enable in-
depth sequencing and the detection of major, minor, and
ultra-minor populations within the same sample (18,19).
During 2009-2014, the incidence of PCP in all SOT
patients in our institution was <1 case/year. In 2014, six
cases of PCP were diagnosed among SOT patients over a
3-month period (May—-July) and 6 more through August
2015. These grouped cases involved recipients of various
organs, 5 heart recipients, 4 kidney recipients, 1 lung re-
cipient, 1 liver recipient, and 1 recipient of both a heart
and a kidney. This atypical distribution and the substantial
increase of incidence triggered the exploration of this out-
break. In this study, we evaluated the added value of an
NGS-MLST strategy in the specific context of a PCP clus-
ter among SOT patients, taking advantage of the specific
characteristics of NGS in terms of subpopulation detection.

Materials and Methods

Patient Selection and Samples

The Grenoble Alpes University Hospital has a total of 2,200
beds and performs 150 SOTs each year. In 2014, we followed
atotal of 1,899 SOT patients in our institution (1,380 kidney,
339 liver, 90 heart, and 90 lung recipients). We included 32
PCP patients in the study (Table 1): 12 SOT recipients (mean
age 61.6 years, range 34-75 years) and 20 control patients
(mean age 57 years, range 7 months—82 years). Control pa-
tients were those with sporadic PCP cases diagnosed in the
previous 4 years who had diverse underlying conditions and
no obvious epidemiologic link. PCP biologic diagnosis was
confirmed by quantitative PCR in respiratory samples (bron-
choalveolar lavage fluids, bronchoaspiration, or sputum) as
described previously (20).

Clinical Epidemiologic Survey

According to the incubation periods described in the litera-
ture (median 53 days, range 1-88 days) (21,22), we collect-
ed data concerning patients’ interactions within the institu-
tion from 6 months preceding the date of symptom onset
in the first patient until the date of diagnosis of PCP in the
last patient. Because colonized patients are potential infec-
tious sources of P. jirovecii (23,24), we considered patients
to be possibly contagious throughout the whole incubation
period, even in the absence of symptoms and for 3 days

1238

after initiating treatment with trimethoprim/sulfamethoxa-
zole. We defined transmission as probable when all of the
following criteria were present: 1) the 2 patients were pres-
ent in the same floor and in the same corridor on the same
day, 2) the source patient was in the contagious phase, and
3) the duration from the probable date of transmission to
the appearance of the first symptoms was compatible with
the incubation period for PCP. If 1 of these criteria was
missing, transmission was defined as possible. We defined
the incubation period for PCP as the time elapsed from the
strain transmission to the onset of symptoms.

MLST Strategy

We used an MLST strategy to genotype P. jirovecii strains,
as recently recommended (25). We chose a combination of 3
loci belonging to the superoxide dismutase (SOD), the mito-
chondrial large subunit of ribosomal RNA (mtLSU), and the
cytochrome b (CYTB) genes. This scheme displays a high
level of strain discrimination and is adapted for accurate P.
jirovecii strain typing (14). We designed new primers for each
locus to obtain ~750 bp amplicons depending on the chosen
NGS procedure, which was performed by using GS Junior +
(Roche Diagnostics, Meylan, France). Because we used ex-
tended sequences to characterize our strains, we could not re-
fer to any previously used sequence type labeling. Thus, we
arbitrarily named haplotypes with a capital letter (A), a num-
ber (1), and a lowercase letter (a) corresponding to mtLSU,
CYTB, and SOD loci. We then labeled final genotypes by the
association of the 3 different haplotypes (e.g., Ala). Primers,
PCR conditions, and haplotype sequences are summarized in
online Technical Appendix Tables 1, 2 (https://wwwnc.cdc.
gov/ElD/article/23/8/16-1295-Techappl.pdf).

Amplicon Library Preparation and Emulsion PCR

We extracted total DNA by using the QIAmp DNA Mini
Kit (QIAGEN, Hilden, Germany), according to the manu-
facturer’s instructions and as previously described (20),
and stored extracts at —20°C until library preparation. We
prepared the amplicon library by using the universal tailed
amplicon sequencing design. We first amplified each re-
gion of interest by using specific oligonucleotides coupled
to M13 universal primers (PCR1) and then targeted these
universal sequences in a second PCR (PCR2) to add a mul-
tiplex identifier and the sequencing primers as described in
the Guidelines for Amplicon Experimental Design—454
Sequencing System (Roche Diagnostics). We purified
PCR products with magnetic beads from an AMPureXP
Kit (Beckmann Coulter, Beverly, MA, USA). After quali-
tative and quantitative analysis, we diluted purified PCR2
products to 1 x 10° molecules/mL and pooled an equal
volume of each dilution to generate the amplicon library.
We performed emulsion PCR as recommended in the GS
Junior + library preparation procedure.

Emerging Infectious Diseases ¢ www.cdc.gov/eid ¢ Vol. 23, No. 8, August 2017
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Table 1. Main clinical and biologic characteristics of the 12 patients who had received solid organ transplants and 20 control patients
in a study of a Pneumocystis jirovecii pneumonia outbreak at a university hospital in France, 2014-2015*

Time since Sample Fungal load,

Patient Age, y/sex Date of diagnosis Underlying condition transplant, mo type MSG copies/mL  Outcome
T1 34/F 2014 May 20 Pulmonary transplant 60 BAL 1.1 x10° Died
T2 59/F 2014 May 27 Heart and kidney transplant 300 (H) — 2 (K) BAL 3.9 x 108 Survived
T3 57/F 2014 Jun 19 Heart transplant 137 BAL 2.7 x 108 Died
T4 65/M 2014 Jul 7 Heart transplant 37 BAL 1.5 x 108 Died
T5 66/M 2014 Aug 19 Kidney transplant 4 Sputum 6.6 x 10%° Survived
T6 48/M 2014 Aug 29 Heart transplant 78 BAL 1x 108 Survived
T7 74/F 2014 Oct 29 Kidney transplant 128 BAL 2 x 107 Died
T8 69/F 2014 Nov 24 Kidney transplant 23 BAL 8.8 x 106 Survived
T9 63/M 2015 Jan 7 Liver transplant 5 BAL 1.1x10* Survived
T10 69/M 2015 Jan 10 Kidney transplant 228 Sputum 1.2 x10° Survived
T11 61/F 2015 Mar 3 Heart transplant 122 BAL 3.1x10° Survived
T12 75/F 2015 Aug 26 Heart transplant 95 BAL 2 x10° Survived
C1 56/M 2012 Aug 25 Liver transplant 6 BA 6 x 10° Died (HCV

relapse)
Cc2 52/M 2013 May 17 Pulmonary transplant 21 BAL 1.7 x 10° Survived
C3 82/F 2012 Mar 9 Rheumatoid polyarthritis - BAL 5.6 x 10° Survived
C4 62/M 2013 Aug 29 NHL - BAL 4.3 x 108 Survived
C5 66/M 2013 Sep 10 NHL - BAL 1.2 x 108 Survived
C6 25/M 2014 Feb 27 HIV - BAL 4.2 x 108 Survived
Cc7 1/F 2014 Apr 9 Primary immunodeficiency - BAL 5.2 x 10° Survived
Cc8 56/M 2014 Apr 19 HIV - BAL 4.3 x10° Survived
C9 47/F 2014 Apr 24 Allografted AML with GVHD - BAL 1.4 x10° Survived
C10 74/IM 2014 Jul 1 NHL - BAL 6.1 x 108 Survived
c11 77IM 2014 Sep 4 MPN and NHL - BAL 1.2 x10° Survived
Ci12 82/M 2014 Sep 5 NHL - BAL 5.8 x 10* Survived
C13 68/M 2014 Oct 10 Glioblastoma - BAL 3.4 x 10%° Survived
Cl4 7 mo/F 2014 Oct 15 Primary immunodeficiency - Sputum 4.7 x 108 Survived
C15 75/F 2014 Oct 23 B-chronic lymphoid leukemia - BAL 3.4 x10° Survived
Cl6 82/F 2014 Dec 5 B-chronic lymphoid leukemia - BAL 1.1 x 10* Survived
C17 32/F 2015 Feb 27 Hodgkin's disease - BAL 1.2 x 10* Survived
C18 50/M 2015 Feb 28 Hodgkin's disease - BAL 6.4 x 10° Survived
C19 78/M 2015 Mar 18 B-chronic lymphoid leukemia - BAL 5.9 x 108 Survived
C20 75/M 2015 Mar 22 NHL - BA 3.9 x 10* Died

*T1-T12 indicate the 12 solid organ transplant patients from the cluster; C1-C20 indicate the 20 control patients. AML, acute myeloid leukemia; BA,
bronchoaspiration; BAL, bronchoalveolar lavage fluids; GVHD, graft-versus-host disease; H, heart; K, kidney; MPN, myeloproliferative neoplasm; MSG,
major surface glycoprotein; NA, not applicable; ND, not done; NHL, non-Hodgkin lymphoma; —, nonexistent or unspecified.

NGS and Limit of Detection

We performed NGS to sequence 700-800 bp fragments,
according to the manufacturer’s instructions, using a
forward and reverse sequencing strategy for better cov-
erage. Ninety-six PCR products were distributed in 2
comparably filled runs. We added a control sample to
assess the limit of detection of subpopulations under
our experimental conditions. This control consisted of 3
purified mtLSU amplicons belonging to 3 unique haplo-
types, based on the results of the first run at 3 different
ratios: 98.9%, 1.0%, and 0.1%.

Bioinformatic Analysis

We analyzed NGS results by using Amplicon Variant Ana-
lyzer and GS Reference Mapper software (Roche Diagnos-
tics) and compared sequences to their respective reference
sequences; GenBank accession nos. were NC_020331.1
(mtLSU), AF146753.1 (SOD), and AF320344.1 (CYTB).
Each polymorphism position was verified and visually vali-
dated. We applied a 1% threshold for minor variant consid-
eration based on the result of our artificial mix sample. We
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calculated haplotype frequency by using Amplicon Variant
Analyzer software (dividing number of reads corresponding
to the haplotype by the total number of reads for 1 locus).

Statistical Analysis and Hunter Index

We compared co-infection proportions between cluster and
control populations by using the Fisher exact test, calculated
a p value, and defined statistical significance as p<0.05. The
Hunter index (D) was calculated to evaluate the discrimina-
tory power of the 3 loci and their association, as previously
described (26). Only single strains or strains with an easy
extrapolation of the major genotype (variants in only 1 locus
or presence of ultra-major variants in all loci) were taken into
account for the D calculation. Related samples sharing the
outbreak genotype were also excluded, except 1.

Results
NGS Performance

The mean sequencing depths for NGS of P. jirovecii
strains were 810x (5x-1,998x, median 739x) and 265x
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(8x—1,268x, median 233x) for the first and second runs,
respectively. Sequence quality was assessed using FastQC
software (http://www.bioinformatics.babraham.ac.uk). For
the first run, the median Phred score (or Qscore) per base,
up to a 750 bp read length, was >24 (corresponding to a
probability of error <0.4%); for the second run, the median
Phred score was >20 until 400 bp read length (correspond-
ing to a probability of error <1%).

Limit of Detection

In the artificial control sample consisting of 3 mtLSU hap-
lotypes at defined concentrations (C, 98.9%; B, 1%; and
F, 0.1%), the C and B haplotypes were correctly detected
with NGS at 99% (C) and 1% (B). The ultra-minor F geno-
type was not detected, a finding consistent with the limited
analysis depth obtained for this sequence (220x).

Nucleotide Polymorphisms, Haplotypes,

and Genotypes Determination

We genotyped 12 P. jirovecii samples from the SOT patient
cluster and 20 samples from unrelated control patients by

using the 3 loci NGS-MLST strategy. Analysis of extended
732 bp mtLSU sequences revealed 4 new polymorphisms
located both upstream and downstream of the amplicons
classically used for genotyping (online Technical Appen-
dix Figure). These polymorphisms correspond to 3 single-
nucleotide polymorphisms at positions 13002, 13505, and
13543 in the mitochondrial genome (GenBank accession
no. NC_020331.1) and 1 multinucleotide polymorphism
between 13554 and 13560. By contrast, extended CYTB
and SOD amplicons did not show new polymorphisms.
Among the 32 samples, we identified 22 different
haplotypes for mtLSU, 14 for CYTB, and 4 for SOD, with
major and minor variants being considered (Table 2). We
identified C2a as the major genotype in 5 SOT patients
from the cluster: 1 double (heart and kidney) recipient
(T2), 1 heart recipient (T4), and 3 renal transplant recipi-
ents (T5, T8, and T10). We also detected this C2a genotype
as a minor variant (2%) in 1 other SOT patient belonging
to the 2014-2015 outbreak cluster (T7). With major and
minor genotypes being considered, 6/12 SOT patients were
carrying the C2a genotype. We did not detect this unusual

Table 2. Results of next-generation multilocus sequence typing for the 3 targeted loci of Pneumocystis jirovecii strains in a study of a
P. jirovecii pneumonia outbreak at a university hospital in France, 2014-2015*

mtLSU CYTB SOD Final
No. No. Major No. No. Major No. No. Major major
Patient reads haplotypes haplotype reads haplotypes haplotype reads haplotypes haplotype genotype
T1 1,413 1 B 531 1 1 946 1 A Bla
T2 1,062 1 C 1,361 1 2 2,506 1 A C2a
T3 638 4 N 84 1 3 491 1 B N3b
T4 87 1 C 215 1 2 204 1 A C2a
T5 460 1 C 1,030 1 2 337 1 A C2a
T6 42 1 E 237 1 2 171 1 A E2a
T7 546 1 C 1,088 1 2 303 4 B C2bt
T8 606 2 C 1,136 2 2 808 1 A C2a
T9 194 1 C 160 1 2 8 1 B C2b
T10 415 1 C 1,360 1 2 898 1 A C2a
T11 420 3 o 370 2 1 298 3 B O1b
T12 658 9 F 809 4 3 781 1 A E3a
C1 318 3 P 1,046 1 3 1,268 1 A P3a
Cc2 422 8 B 339 4 3 364 2 A ND
C3 350 1 | 564 1 3 1,268 1 B 13b
C4 292 2 N 492 1 3 427 1 B N3b
C5 71 1 B 651 1 2 880 1 B B2b
C6 368 12 P 473 3 3 575 4 B ND
c7 153 2 F 103 2 3 54 4 A F3a
Cc8 383 5 | 697 2 3 653 4 B ND
C9 148 2 F 104 4 2 154 1 a F2a
C10 934 2 F 1,146 5 2 550 3 a F2a
Ci11 229 4 B 750 3 3 119 2 b B3b
C12 580 2 G 398 1 1 509 1 a Gla
C13 869 1 F 1,998 1 3 663 1 a E3a
Cil4 901 9 B 1,403 1 2 411 1 b B2b
C15 653 1 N 1,664 2 3 5 1 a N3a
C16 1,275 1 F 1,052 1 11 591 1 a Flila
C17 372 10 P 434 3 2 361 1 b ND
C18 296 1 F 271 1 3 15 3 b E3b
C19 948 2 F 795 4 1 494 1 a ND
C20 243 5 A 284 9 2 240 2 b ND

*T1-T12 indicate the 12 solid organ transplant patients from the cluster; C1-C20 indicate the 20 control patients. Underlined genotypes were included for
Hunter Index calculation. CYTB, cytochrome b; mtLSU, mitochondrial large subunit of ribosomal RNA; ND, undetermined genotypes when haplotypes
could not be cross-linked (multiple variants in >1 locus without any clear predominance); SOD, superoxide dismutase.

tPatient carrying the C2a genotype as a minor strain.
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genotype in any control patient, either as a major or minor
strain (Table 2).

Epidemiologic Investigation

We noted the transmission networks between the 6 SOT
patients infected with the C2a strain, the time to diagno-
sis, and the incubation for PCP (Table 3). The transmis-
sion map (Figure 1) pointed out potential nosocomial
transmission of the C2a strain involving both heart and
kidney transplant units, with the index patient being pa-
tient T2, who was a long-standing heart recipient who re-
ceived a kidney transplant 2 months before PCP diagno-
sis. Transmission was probable in the following patients:
between T2 and T5, within the nephrology department;
between T2 and T4, within the heart surgery outpatient
clinic; between T5 and T8, in the nephrology department;
and between T8 and T10, in the transplant outpatient clin-
ic. Transmission between T5 and T7 was considered only
possible because the patients were on the same floor the
same day but in perpendicular corridors, and the incuba-
tion time for patient T5 was relatively short (4 days). Of
note, 4 of the 5 suspected nosocomial transmissions of
this strain occurred in outpatient clinic areas (T2/T4, T5/
T7, T5/T8, and T8/T10), and 1 occurred in the transplant
unit (T2/T5). According to the transmission map, PCP in-
cubation intervals (time elapsed between strain acquisi-
tion and symptom onset) were 48 (T10), 49 (T4), 99 (T8),
109 (T5), and 170 (T7) days.

Variants Analysis and Mixed Infections

Among the 32 respiratory samples, 11 (34.4%) contained a
single and unique P. jirovecii strain with no minor variants
detected. Thus, 21/32 (65.6%) respiratory samples consist-
ed of multiple P. jirovecii strains, and 17/32 (53.1%) had
>2 different P. jirovecii strains. Co-infection proportions
were significantly different between the cluster group (5/12
[41.7%] mixed infections) and the control group (17/20
[85.0%] mixed infections; p<0.05). The exact number of
strains within each sample was sometimes difficult to de-
termine because minor haplotypes could not always be

Next-Generation Sequencing for Pneumocystis jirovecii

associated. However, we observed an average minimum
of 5 strains per sample (corresponding to the highest num-
ber of alleles in 1 locus), ranging from 2 to 12, in these
co-infected patients. In more than half of the patients, we
detected minor variants with a proportion <10%; 18/32
patients (56.2%) had >1 subpopulation <10%, and 9/32
(28.1%) had only minor variants <10%. The mtLSU, CYTB,
and SOD loci enabled detection of 62.5% (20/32), 43.75%
(14/32), and 31.25% (10/32) mixed strain infections, re-
spectively. We plotted heatmaps representing strain distri-
bution patterns for each locus (Figure 2). The co-infection
proportions were comparable between the 2 sequencing
runs (61% and 65%).

Discriminatory Index of the Extended Amplicons

We calculated the Hunter index (D) for each locus of 19
strains (online Technical Appendix Table 3), exclud-
ing the clonal C2a strains and uninterpretable genotypes
(26). The discriminatory index of the mtLSU locus D was
0.754 when considering only known polymorphisms and
0.883 when considering both known and newly described
polymorphisms. Similarly, in terms of CYTB and mtLSU
loci association, D increased from 0.918 with only known
polymorphisms to 0.953 when adding the newly described
polymorphisms. When the 3 loci were considered, D fur-
ther increased from 0.971 to 0.982.

Discussion

An outbreak of 12 diagnosed PCP cases occurred among
SOT recipients in our institute during 2014-2015. This clus-
ter consisted of patients carrying different transplanted or-
gans who were followed up in different organ specialty units.
We used an exhaustive NGS-MLST approach to accurately
characterize the major and minor strains implicated.

To our knowledge, PCP outbreaks among SOT pa-
tients have been commonly described in renal transplant
patients, reported more rarely in hepatic transplant re-
cipients, and never reported in cardiac transplant patients
(although sporadic cases exist in this population). Also,
most reported grouped cases of PCP in SOT recipients

Table 3. Epidemiologic information on patients found to be carrying the C2a genotype as a major or a minor strain in a study of a
Pneumocystis jirovecii pneumonia outbreak at a university hospital in France, 2014—2015*

Transmission Date of symptom Date of Time to Incubation,

Patient Source Date Place onset diagnosis diagnosis, d d
T2 Index patient ND ND 2014 May 25 2014 May 30 5 ND
T4 T2 Surgical cardiology 5 49

12 May 2014 outpatient unit 2014 Jul 01 2014 Jul 06
T5 T2 2014 Apr 18 Kidney transplant unit 2014 Aug 05 2014 Aug 19 14 109
T7t s 2014 Apr22  Cardiac Sg:’t‘ogra"hy 2014 Oct 09 2014 Oct 29 20 170
T8 T5 2014 Aug 07 Transplanssi(:nsultatlon 2014 Nov 14 2014 Nov 24 11 99
10 i 2014 Nov 23 1ansPlant CONSUMANoON 5015 55005 2015 Jan 10 5 48
*Date of transmission based on transmission map and previously defined criteria of transmission. ND, not determined.
tPatient carrying the C2a genotype as a minor strain.
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Figure 1. Transmission map illustrating space and time events for cluster patients sharing the clonal C2a genotype identified in a study
of a Pneumocystis jirovecii pneumonia outbreak at a university hospital in France, 2014—2015. Rectangles indicate hospitalization
periods of >1 day; diamonds indicate 1-day presence in the institution (e.g., emergency services, imaging, laboratory, outpatient
clinics). Places involved in the transmission network are shown in color, whereas units not involved are shown in gray. Thick arrow
refers to probable nosocomial transmission of P. jirovecii between 2 patients who were present in the same place (same floor and same
corridor) on the same day. Thin arrow represents possible nosocomial transmission of P. jirovecii between T5 and T7 (patients were in
perpendicular corridors). Subscript letters on patient labels indicate type of transplant (H, heart; K, kidney). D, date of diagnosis and
treatment initiation; S, date of symptoms onset. Asterisk indicates that patient was carrying the C2a genotype as a minor strain.

described cases occurring in patients grafted with the same
organ; grouped cases in patients transplanted with differ-
ent organs rarely have been described (4,5). In our study,
even though the SOT cluster patients were followed up by
different units, they belonged to the same epidemic event
according to genotyping results. Five SOT cluster patients
shared a common major genotype, and the transmission
map (Figure 1) pointed out potential nosocomial trans-
mission of this strain, which might have been present in
both the cardiology and nephrology transplant units. This
genotype was not detected in the control group, confirm-
ing that this P. jirovecii strain is not commonly present
within our institute.

The epidemiologic survey, guided by the genotyping
results, identified potential dates and places of transmission
between the patients infected with the same P. jirovecii
strain. Five probable and 1 possible transmission events be-
tween SOT patients were revealed. Of note, 4/5 suspected
transmission events occurred in outpatient areas. Waiting
rooms and day hospital corridors have been thought to pro-
mote person-to-person contact and increase the risk for P.
jirovecii transmission (7). The wearing of masks in wait-
ing rooms frequently visited by immunocompromised pa-
tients was recently suggested for patients with respiratory
symptoms but should also be recommended to any patient,
given that asymptomatic carrier state or patients in incu-
bation state might also be at risk for transmission (7,27).
Also, patients could have met in certain common areas of
the hospital (e.g., cafeteria and corridors), encounters that
are usually not in the medical records. Recent studies con-
firmed the high probability of P. jirovecii airborne trans-
mission or transmission between patients and healthcare
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workers (23,28). In the affected units, it would have been
of interest to screen healthcare workers or air samples to
identify asymptomatic carriers of the C2a P. jirovecii strain
or its presence in the environment.

In our study, we used a 1% threshold for minor variant
detection according to our artificial mix control. By using this
threshold, we detected 21/32 (66%) cases with mixed-strain
infections and 17/32 (53%) cases with >2 strains. Previous
genotyping studies described P. jirovecii multiple infections
with diverse proportions of different strains (from 20% to
75%) (29-31). Hauser et al. (29) and Gits-Muselli et al. (12)
described mixed populations in 70% of cases with the use of
PCR-single-strand-conformation polymorphism or micro-
satellite analysis. Our proportion of mixed strains was even
higher (85%) when we considered only the control patients,
which might more accurately reflect the reality of P. jirove-
cii strain diversity in a nonoutbreak environment. Ultra-deep
sequencing of P. jirovecii strains outside an outbreak con-
text has indicated a 92% proportion of coinfections (32). The
proportion we observed with infections involving >2 strains
is higher than previously described (30) because of the more
accurate variant detection <10% provided by NGS. We not-
ed a difference in the proportion of co-infections between the
cluster group (42%) and control group (85%) (p<0.01) de-
spite identical mean sequencing depth. We can hypothesize
that the C2a strain has a particular intrinsic virulence or that
this cluster has some specific characteristic, but further study
would be required.

By using NGS, we found 1 confirmed C2a genotype
as the minor strain in patients belonging to the cluster.
The ratio among the different P. jirovecii strains can vary
over time in a given patient (33). Thus, a previous minor
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Figure 2. Heatmaps representing distribution for mtLSU, CYTB, and SOD variants among patients infected during a Pneumocystis
jirovecii pneumonia outbreak at a university hospital in France, 2014-2015. Patients shown in red correspond to cluster patients sharing
the common C2a genotype. Patient shown in blue is the patient having the C2a genotype as minor variant (2%). Percentages shown

indicate the level of mixed-strain infections for each locus.

strain can theoretically become a major strain over time.
The patient with a minor C2a strain (T7) was thus added
to the transmission map. NGS also enabled us to exclude
other SOT and control patients from the transmission map
with a higher degree of certainty compared with first-
generation sequencing (Sanger sequencing), which is
not accurate for minor strain detection <20%. Therefore,
NGS-MLST appears to have a higher accuracy for de-
scribing an outbreak event and for specifying the trans-
mission network.

For experimental purposes, we designed new primers to
generate longer amplicons. We discovered 4 new mutations
within the 732 bp mtLSU amplicon but no new polymor-
phism for the SOD or CYTB loci. Currently, no established
MLST scheme for PCP typing exists; the 3-loci (mtLSU,
CYTB, and SOD) scheme has been proposed and previously
used in the context of a PCP outbreak (3,14). The 5th Eu-
ropean Conference on Infections in Leukemia also recom-
mended this MLST scheme for P. jirovecii typing (25). The
internal transcribed spacer regions have been used but are
difficult to amplify and are at risk for in vitro recombina-
tion (14,34). Extended 732 bp mtLSU and CYTB sequence
polymorphisms conferred a high discriminatory power
(D>0.95), considered to be sufficient for strain discrimina-
tion (35). In addition, mtLSU and CYTB amplification is
facilitated because of their mitochondrial origin (multicopy
genes). Hence, the lengthened 732 bp mtLSU PCR product
could be of interest in light of the previously described 300
or 370 bp amplicons (14). The sequencing of 732 bp mtLSU
and CYTB could be proposed as a rapid screening method
to evaluate strain convergence, whereas SOD or internal
transcribed spacer regions could be sequenced in a second
step. Further studies will be needed to assess the added value
of these newly described polymorphisms.
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Although our study revealed new features in P. jir-
ovecii typing, it did not provide evidence for or against
features such as diploidy or mitochondrial heteroplas-
my of P. jirovecii during PCP (32,36). None of our 32
samples exhibited a clear 50/50 allele repartition, which
would have suggested heterozygosity, but the presence of
heterozygote stages among the described genotypes can-
not be entirely ruled out. The mitochondrial genes mtLSU
and to a lesser extent CYTB displayed higher diversity
than the nuclear locus SOD. However, this finding is not
sufficient to confirm mitochondrial heteroplasmy because
these differences might also have been attributable to the
higher rate of polymorphism in the mitochondrial loci.
One third of the samples displayed a unique genotype,
suggesting that mitochondrial heteroplasmy was not pres-
ent during these PCP infections.

This study demonstrated the clear added value of
NGS-MLST to analyze major and minor strains in epide-
miologic P. jirovecii studies. NGS is increasingly attractive
because of the rapid development of bioinformatics and the
reduced cost of this approach (37). We believe that NGS-
MLST represents the next generation of MLST and that
this method will become the new standard for strain typing
in the next decade, especially for microorganisms that are
not cultivable in vitro.
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Pneumocystis jirovecii [noo"mo-sis'tis ye"ro-vet'ze]
Ronnie Henry

A genus of unicellular fungi, Pneumocystis was likely originally described by Carlos Chagas
in 1909 in guinea pigs, although he confused it with a trypanosome and placed it in a new genus,
Schizotrypanum. In 1912, Delanoé and Delanoé at the Pasteur Institute published the first description
of the new organism as unrelated to trypanosomes and proposed the species name P. carinii in honor
of Antonio Carini.
Human Pneumocystis infections were first reported in 1942 by van der Meer and Brug, but
not until 1976 did Frenkel report different morphologic and physiologic characteristics of human
and rat Pneumocystis isolates. He proposed the name P. jirovecii in honor of Czech parasitologist
Otto Jirovec, who reported Pneumocystis as a cause of interstitial pneumonia in infants, although
this name change was not accepted by researchers at the time. When Pneumocystis was reclassified

from a protozoan to a fungus, the naming convention shifted from the International Code of Zoologi- cysts of Pneumocystis jirovecii in smear from

cal Nomenclature to the International Code of Botanical Nomenclature, and the species epithet was

modified from jiroveci to jirovecii.
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infection with B. quintana and 1 by Bartonella of undetermined
species. All 5 patients were afebrile and oligosymptomatic, al-
though 3 had heart failure. C-reactive protein was normal or
slightly elevated, and erythrocyte sedimentation rate was high.
The diagnosis was confirmed by echocardiographic demon-
stration of vegetations, the presence of high Bartonella IgG
titers, and identification of B. quintana DNA in excised vegeta-
tions. Embolic events were diagnosed in 2 patients. Our data
suggest that B. quintana is not an uncommon cause of native
valve endocarditis in children in Ethiopia with heart defects and
that possible B. quintana infection should be suspected and
pursued among residents of and immigrants from East Africa,
including Ethiopia, with culture-negative endocarditis.
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lood culture—negative endocarditis accounts for 2.5%—

31% of all cases of endocarditis (1). Bartonella spp.
(most commonly B. henselae and B. quintana) are among
the most common causes of blood culture-negative en-
docarditis, being responsible for 9.5%-28.4% of all cas-
es (2,3). The literature regarding Bartonella endocarditis
among children describes 1 microbiologically confirmed
case caused by B. quintana (4) and 8 cases caused by B.
henselae (5-12). In this case series, we describe 5 patients,
7-16 years of age, from Ethiopia who were referred to our
center in Israel for heart surgery and diagnosed with endo-
carditis caused by B. quintana (4 cases) or Bartonella of an
undetermined species (1 case).

Materials and Methods

Wolfson Medical Center in Holon, Israel, provides cardio-
thoracic care to children from developing regions, such as
Africa, Palestinian Authority, and South America, who are
referred for care through the Save a Child’s Heart fund ac-
tivity (13). Each year, doctors in the Center perform heart
surgery on ~200 children from developing countries. After
the unexpected diagnosis of B. quintana endocarditis in this
group of children, we reviewed the presurgical cases of in-
fective endocarditis in children referred for heart surgery
during 2006-2015.

Before surgery, we conducted a thorough work-up on
all patients with endocarditis, including several blood cul-
tures and serologic testing for Bartonella, Legionella, and
Brucella spp. and for Q fever (Coxiella burnetii infection).
In addition, for most patients, we performed microbiologic
studies of specimens obtained during cardiac surgery. We
performed and interpreted enzyme immunoassays that have
been shown to be 98% specific for detection of B. henselae
IgM and 1gG (14,15). We also performed serial dilutions to
determine final serum titers.

Similar to other serologic assays used for the diagnosis
of Bartonella infections (16,17), the enzyme immunoas-
say used in this study demonstrated high cross-reactivity
between B. quintana and B. henselae (M. Giladi, unpub.
data). Thus, we presented serologic results as Bartonella
sp. IgG and IgM, without species identification. We also
performed a genus-specific amplification assay of a 588-
bp fragment of the Bartonella riboflavin synthase gene as
previously reported (18). For species identification, we
sequenced the PCR product and submitted it to a BLAST
search (https://blast.ncbi.nlm.nih.gov/Blast.cgi). We con-
sidered patients to have endocarditis only after they were
determined to fulfill the Duke criteria (19).

Results

From January 1, 2006, through December 31, 2015, a to-
tal of 574 children from Africa underwent cardiac sur-
gery, catheterization, or both at Wolfson Medical Center.
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During this time, 7 (1.2%) of the 574 children were di-
agnosed with infective endocarditis before surgery. The
most frequent cause of endocarditis was B. quintana in-
fection, which was diagnosed in 4/7 children. The 3 other
endocarditis cases were caused by undetermined Barton-
ella spp. infection in an 11-year-old boy from Ethiopia,
Streptococcus viridans infection in a 2-year-old boy from
Zanzibar, and Q fever in a 7-year-old girl from Kenya.
All patients with Bartonella endocarditis were from Ethi-
opia, where they lived in poor, crowded conditions. The
clinical details of the children with Bartonella endocar-
ditis follow.

Cases

Patient A

An asymptomatic 7-year-old girl from Jimma, Ethiopia,
with patent ductus arteriosus was referred to the Wolf-
son Medical Center. At admission, she was afebrile and
in good general condition. Her physical examination
revealed a grade 2/6 continuous cardiac murmur and
splenomegaly but no stigmata of infective endocarditis.
Transthoracic echocardiogram (TTE) revealed thickening
of the pulmonary valve and the presence of a large (1.1
cm in diameter) mobile mass attached to the middle of the
main pulmonary artery and several small masses attached
to the pulmonic valve cusps, consistent with vegetations.
The main laboratory results were a high erythrocyte
sedimentation rate (ESR) and an only slightly elevated
CRP (Table).

We obtained blood samples for cultures and then ini-
tiated empirical therapy with doxycycline and ceftriaxone
for presumed common and culture-negative endocarditis
pathogens. The serologic test result for Bartonella spp. was
positive (I1gG titer of 1:1,600), but the test result for IgM
was negative (Table). Thus, we initiated treatment with in-
travenous gentamicin (3 mg/kg bodyweight 1x/d) and oral
doxycycline (2 mg/kg bodyweight every 12 h) for Barton-
ella endocarditis (20,21). After 2 weeks of treatment, the
patient underwent surgical repair of her heart defect. The
vegetations were excised from the main pulmonary artery
and the pulmonic valve cusps, a perforation that was re-
vealed in the right pulmonary valve cusp was repaired, and
the patent ductus arteriosus was closed. The child had an
uneventful postoperative course. PCR testing confirmed
the presence of B. quintana DNA in the excised vegetation.
The child completed a 2-week course of gentamicin and a
5-week course of oral doxycycline and returned to Ethiopia
in good condition.

Patient B

A 12-year-old girl from Jimma was admitted for the cor-
rection of mitral regurgitation due to rheumatic heart
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Table. Features for children from Ethiopia with Bartonella quintana endocarditis*

Patient, Echo Underlying Phenomena CRP, ESR, Leuk/ Hb, Platelets/
age, y/sex finding condition  Vascular Immunologic  Microbiologic evidence mg/dL mm/h mm® g/dL  mm3t
A, 7IF Several CHD No RF Ab, 189 Bartonella 1gG titer 1.7 128 3,500 8.5 150,000
vegetations IU/mL 1:1,600, IgM neg;
(11 mm) on excised vegetation PCR-
pulmonary neg for Coxiella burnetii,
valve PCR-pos for B.
quintanat
B, 12/F Vegetation RHD No RF Ab, <10 Bartonella 1gG titer 0.7 50 5,700 10.3 310,000
(7 mm) on IU/mL 1:100, IgM neg; excised
mitral valve vegetation PCR-neg for
C. burnetii, PCR-pos for
B. quintanat
C, 16/F Two RHD Embolito GN; 16 Osler Bartonella 1gG titer 4.2 150 6,900 7.8 334,000
vegetations spleen nodes 1:12,800 (10 wks after
(5 mm) on surgery: 1:6,400);
aortic valve excised vegetation PCR-
neg for C. burnetii, PCR-
pos for B. quintanat
D, 9/F Several CHD CVA RF Ab, 25 Bartonella 1gG titer 1.5 44 6,100 11.7 189,000
vegetations 1U/mL 1:6,400 (5 wks after
(20 mm and surgery: 1:1,600);
20 mm) on excised vegetation PCR-
aortic valve neg for C. burnetii, PCR-
pos for B. quintanat
E, 11/M Vegetation CHD No RF Ab, 2,560 Bartonella 1gG titer 2.0 110 9,100 11.8 264,000
(14 mm) on IU/mL 1:6,400; C. burnetii IgM
aortic valve neg

*HIV serologic testing and blood culture results were negative for all patients, and no patients had fever. Ab, antibody; CHD, congenital heart disease
CRP, C-reactive protein (reference range 0—10 mg/dL); CVA, cerebral vascular accident; Echo, echocardiogram; ESR, erythrocyte sedimentation rate
(reference range 0—20 mm); GN, glomerulonephritis; Hb, hemoglobin (reference range 9.5-13.0 g/dL); Leuk, leukocytes (reference range 6,000-17,500
cells/mm?); neg, negative; pos, positive; RF, rheumatoid factor; RHD, rheumatic heart disease.

tReference range 150-400 x 10° platelets/L.
FSequence comparison analysis demonstrated a 100% identity to B. quintana.

disease, which had been diagnosed 4 months earlier due
to symptoms of congestive heart failure. On physical ex-
amination, she was afebrile and exhibited tachypnea and
orthopnea. Cardiac examination revealed a grade 4/6
harsh systolic ejection murmur and a grade 2/4 diastolic
rumble at the apex. Physical findings were otherwise un-
remarkable and showed no stigmata of infective endocar-
ditis. TTE revealed the presence of a 7-mm mobile mass,
consistent with vegetation, attached to the mitral chordae.
Main laboratory results were high erythrocyte sedimenta-
tion rate (ESR) and an only slightly elevated CRP (Table).
We initiated empirical therapy with doxycycline and cef-
triaxone, and after serologic results were received, we initiated
treatment with gentamicin and oral doxycycline for Bartonel-
la endocarditis. After 2 weeks of treatment with doxycycline,
the child underwent mitral valvuloplasty; she had an unevent-
ful postoperative course. PCR testing confirmed the presence
of B. quintana DNA in the excised vegetations. The child
completed a 6-week course of oral doxycycline and a 1-week
course of gentamicin (during the first week of doxycycline
treatment) and returned to Ethiopia in good condition.

Patient C
A 16-year-old girl from Jimma was admitted for surgical
repair of mitral and aortic valve disease due to rheumatic
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heart disease that had been diagnosed when she was 12
years of age. During the previous year, she had had several
heart failure-related hospitalizations. At admission, she
was afebrile and exhibited orthopnea and dyspnea. Cardiac
examination revealed a grade 3/4 diastolic murmur, and ab-
dominal examination showed liver enlargement. Physical
findings were otherwise unremarkable, with no stigmata of
infective endocarditis. TTE revealed 2 vegetations (5-mm
diameter) attached to the noncoronary aortic valve cusp. As
with the previous patients, her laboratory results showed
high ESR and only slightly elevated CRP (Table).

After receiving the serologic test results, we initiated
treatment with gentamicin and doxycycline. After 2 weeks
of treatment, painful reddish lesions suggestive of Osler
nodes developed on the patient’s palms, and her spleen
was enlarged 4 cm below the costal margin. Repeated TTE
revealed a single vegetation. Abdominal ultrasonography
showed enlarged spleen (14.5 cm in length) with infarcts
compatible with emboli. The patient underwent surgical re-
pair of her mitral and aortic valves. PCR testing confirmed
the presence of B. quintana DNA in the excised vegetation.
The patient completed a 12-week course of oral doxycy-
cline and a 2-week course of gentamicin (during the first 2
weeks of doxycycline treatment). Six months after surgery
she was asymptomatic.
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Patient D

A 9-year-old girl from Addis Ababa, Ethiopia, was re-
ferred for surgical repair of a congenital heart defect.
One year before admission, she had a history of febrile
illness accompanied by left-sided weakness. The patient
was diagnosed in Ethiopia with a large patent ductus
arteriosus and severe aortic regurgitation and was sus-
pected to have infective endocarditis. At admission, she
was afebrile but had systolic and diastolic murmurs and
hepatosplenomegaly. Neurologic examination revealed
left hemiparesis. She had no other stigmata of infective
endocarditis. TTE revealed several calcified vegetations
(10 mm and 20 mm in diameter) attached to the cusps of
the aortic valve.

We initiated treatment with gentamicin and oral
doxycycline. After receiving treatment for a week, the
patient underwent aortic valve replacement, mitral valve
repair, and patent ductus arteriosus closure. PCR of the
excised aortic valve revealed B. quintana DNA. The child
had an uneventful postoperative course. She completed
a 2-week course of gentamicin and a 10-week course of
oral doxycycline.

Patient E

An 11-year-old boy from Addis Ababa was referred for
repair of a large coronary artery fistula. He complained
mainly of weakness on exertion and chest pain. Physi-
cal examination revealed unremarkable vital signs and
temperature, continuous machinery murmur, and spleno-
megaly but no rash or endocarditis stigmata. An echocar-
diograph revealed a 14-mm vegetation on the aortic valve.
Serologic studies revealed a high 1gG titer (1:6,400) to
Bartonella sp.; IgM results were negative. The results of
other serologic studies and multiple blood cultures were
negative (Table).

We initiated treatment with gentamicin (for 2 weeks)
and oral doxycycline (for 3 months). The heart defect was
corrected by catheterization without surgery, so we did not
have tissue for molecular studies and could not determine
the Bartonella species. We followed the child for 5 months
in our center; he was asymptomatic, and repeated echocar-
diography showed gradual regression of the vegetation size
until its actual disappearance.

Discussion

Thiscase series provides detailed information regarding the
clinical presentation, course, and outcome of Bartonella
endocarditis caused by B. quintana infection in 4 children
and by Bartonella of undetermined species in 1 child. Of
interest, all 5 children were natives of Ethiopia. When
admitted to our medical center, all of the children were
afebrile and had nonspecific symptoms, except for heart
failure, which was attributed to their previously known
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heart disease. In 4 of the 5 patients, endocarditis was not
suspected on clinical grounds, but we pursued the diag-
nosis after echocardiographs revealed vegetations. The
diagnosis of B. quintana endocarditis was confirmed in
4 patients (patients A-D) by identification of B. quin-
tana DNA in excised vegetations or endocardial tissue.
The diagnosis was further supported by the presence of
Bartonella IgG in these 4 patients, 3 of whom had high
titers (1:1,600-1:12,800). The fifth patient had Bartonella
endocarditis caused by an undetermined species; the di-
agnosis was based only on serologic test results (1gG titer
of 1:6,400) because cardiac tissue was not available for
molecular diagnosis. Western blot with cross-absorption
studies, a method described by Houpikian and Raoult
(22), could have discriminated between B. quintana and
B. henselae if it had been applied.

Bartonella spp. are small, gram-negative bacilli
whose natural cycle includes a reservoir host, in which
Bartonella causes chronic intraerythrocytic bacteremia.
In 1993, Bartonella spp. were described as a cause of
endocarditis in 2 separate reports and subsequently has
become appreciated as a substantial cause of culture-
negative endocarditis (3,23,24). Raoult and colleagues
have generated several reports on endocarditis caused
by Bartonella spp., including several multicenter in-
ternational studies that involved patients from France,
England, and Canada (17,25). Seven Bartonella spp.
have been reported to cause infective endocarditis in hu-
mans; >95 percent of the cases involved B. quintana or
B. henselae (17).

This case series of Bartonella endocarditis in chil-
dren reveals several common characteristics. All cases
occurred in preadolescent and adolescent patients; all
patients were afebrile, and the main pathophysiologic
dysfunction was congestive heart failure. All patients had
markedly elevated ESRs but normal or only mildly elevat-
ed CRP levels. Echocardiography revealed large and even
giant vegetations in most of the patients, and 2 (40%) of
the patients had embolic phenomena. Medical treatment
consisted of a prolonged course of doxycycline combined
with gentamicin during the initial period, as was recom-
mended for adults with Bartonella endocarditis (21).
Even though prolonged administration of doxycycline
is relatively contraindicated in children <8 years of age,
we suggested a 5-week course for the 7-year-old patient
(patient A), as recently recommended (20), because of the
extent of her valvular disease.

B. quintana is historically known to cause trench fe-
ver, a recurrent febrile disease with acute onset character-
ized by fever and headache. Trench fever was epidemic
among troops during World War I, causing millions of ca-
sualties. However, after the introduction of louse control
measures, the disease was no longer considered a threat.
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Recently, however, trench fever has reemerged, causing
bacteremia in homeless persons and persons affected with
alcoholism in Europe and North America, where it has
now been designated urban trench fever (26). B. quintana
is mostly associated with human body lice but has also
been found in fleas (27,28). The predisposing factors for
B. quintana endocarditis are homelessness, alcoholism,
and exposure to body lice (29). None of these risk fac-
tors for B. quintana infection were known to exist in the
patients in this study.

Patients in this study denied having had lice infesta-
tion in the past, and we did not identify body lice, pruritus,
or excoriations during the initial physical examinations.
However, we believe that detailed and accurate histories re-
garding lice infestation were lacking, particularly because
patients with B. quintana endocarditis have probably been
infected with B. quintana for months or years before hospi-
tal admission for endocarditis. We speculate that residence
in a developing country with presumably poor hygiene and
low socioeconomic status might have exposed the patients
in this study to ectoparasite infestations, including body
lice, which could have served as a transmitting vector for
B. quintana.

In contrast to our report of afebrile patients with siz-
able vegetations, previous reports of Bartonella endocar-
ditis have described that fever is usually present (83% of
cases) and that valve destruction is characterized by large
calcifications but small vegetations (25). Description of
B. quintana endocarditis in children is currently confined
to a case in a 13-year-old girl from Senegal with under-
lying rheumatic heart disease, an insidious afebrile clini-
cal course, and prominent vegetations of the left side of
the heart (4). Another 2 children with endocarditis and B.
quintana—positive serologic test results were included in a
series from India, but no clinical or laboratory details were
provided (30).

Of the 5 children in our study with Bartonella en-
docarditis, 4 had involvement of the aortic valve. The
predilection for Bartonella spp. to infect the aortic valve
has been described (25), but the reason is unknown.
Before surgery, 4 of the 5 children fulfilled the Duke
criteria for definite infective endocarditis, and the fifth
child (patient E) fulfilled criteria for possible endocar-
ditis (Table).

The Duke criteria do not address Bartonella endocar-
ditis specifically, and a definitive diagnosis of Bartonella
infection requires positive, high-titer serologic test results;
PCR identification of Bartonella sp. DNA in affected tissue
or blood; or, on rare occasions, isolation of Bartonella sp.
fromblood ortissue culture. Recent studies have shown that
direct immunofluorescence antibody assays can reliably
detect Bartonella 1gG, and an IgG titer of >1:800 has a high
positive predictive value (95.5%) for Bartonella infection
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among patients with endocarditis (31,32). However, in
2015, Edouard et al. (32) reported that an 1gG titer of
<800 does not exclude the diagnosis of Bartonella endo-
carditis in patients with valvulopathy and that a serologic
diagnosis can be confirmed by a positive Western blot re-
sult, which they showed exhibited a sensitivity of 100%.
Similarly, we showed that high Bartonella IgG titers can
be detected by enzyme immunoassay; only 1 patient in
our series had IgG titers <1:800. Thus, the enzyme im-
munoassay has a meaningful role in the diagnosis of Bar-
tonella sp. endocarditis.

Epidemiologic data suggest a north—-south gradient
distribution in the prevalence of Bartonella endocarditis,
from 0% in Sweden to 3% in France and Germany and
reaching 15.6% in Algeria and 9.8% in Tunisia (32). Lice
are a well-recognized reservoir of B. quintana. Using re-
verse transcription PCR testing of lice from residents of
9 African countries, Sangareé et al. (33) showed B. quin-
tana DNA was present in 54% of body and 2% of head
lice, and they found a clear correlation between the pres-
ence of B. quintana in head and body lice and the degree
of country poverty, as determined by the gross domestic
product. Bartonella spp. were found among 6 (9.2%) of 65
head lice pools and 1 (3.0%) of 33 clothing lice pools from
Jimma (34). These data indicate that B. quintana may be
quite abundant in East Africa. However, due to the lack of
serologic surveys for Bartonella species in this region, its
extent is unknown.

In our series, B. quintana was the most frequent
causative organism of native valve endocarditis among
children from Africa referred to our center for heart
surgery. These cases by no means represent the whole
spectrum of infective endocarditis in children in Africa,
or even Ethiopia, because a selection bias might exist to-
ward cases of nonacute, indolent, infective endocarditis
in patients referred for complicated surgeries. However,
the predominance of B. quintana infection, even in this
specific, small subgroup of patients, is quite impressive
and may imply a broader role of this microorganism in
infective endocarditis cases in children in Ethiopia or
Africa as a whole.

In conclusion, B. quintana is a substantial cause of
endocarditis in children in Ethiopia with heart disease. Di-
agnosis may easily be missed because of the afebrile, in-
sidious nature of this disease and the apparent lack of tradi-
tional risk factors for Bartonella infections.
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Characteristics of Dysphagia
INn Infants with Microcephaly
Caused by Congenital
Zika Virus Infection, Brazil, 2015

Mariana C. Leal, Vanessa van der Linden, Thiago P. Bezerra, Luciana de Valois, Adriana C.G. Borges,
Margarida M.C. Antunes, Katia G. Brandt, Catharina X. Moura, Laura C. Rodrigues, Coeli R. Ximenes

We summarize the characteristics of dysphagia in 9 infants
in Brazil with microcephaly caused by congenital Zika virus
infection. The Schedule for Oral Motor Assessment, fiberop-
tic endoscopic evaluation of swallowing, and the videofluo-
roscopic swallowing study were used as noninstrumental
and instrumental assessments. All infants had a degree of
neurologic damage and showed abnormalities in the oral
phase. Of the 9 infants, 8 lacked oral and upper respira-
tory tract sensitivity, leading to delays in initiation of the pha-
ryngeal phase of swallowing. Those delays, combined with
marked oral dysfunction, increased the risk for aspiration
of food, particularly liquid foods. Dysphagia resulting from
congenital Zika virus syndrome microcephaly can develop
in infants >3 months of age and is severe.

he identification of a congenital Zika syndrome (CZS)

during the November 2015 microcephaly epidemic in
Brazil raised many questions (1). So far, the main pheno-
typic indicator of CZS is microcephaly, but the full spec-
trum of CZS has not been described and will probably in-
clude other systemic abnormalities, and it may be shown
that microcephaly is not present in all cases (2,3). Early
research indicated that Zika virus has tropism for glial cells
and neurons, a finding consistent with the severity of ab-
normalities seen in the fetal brain (4).

Swallowing is a complex sensorimotor process that
depends on information from multiple levels of the central
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and peripheral nervous system. Swallowing occurs when
descending excitatory and inhibitory signals from the cor-
tex and subcortex and ascending signals from the oropha-
ryngeal area trigger the central pattern generator in the
bulbar reticular formation (5). The execution of the sen-
sorimotor aspects associated with swallowing relies on
functionally connected pathways between extrapyramidal
cortical motor planning regions, centers controlling the
brainstem and cranial nerves, and lower motor neurons.
The swallowing process has 3 phases: oral, pharyngeal, and
esophageal. Dysphagia can result from problems in any 1
of the 3 phases or in more than 1 phase (6). The oral phase
and the initiation of the pharyngeal phase are under vol-
untary neural control, whereas the completion of the pha-
ryngeal phase and the entire esophageal phase are under
involuntary neural control (7).

There were a few early initial reports of onset of
clinically diagnosed dysphagia in the first months of life
of children with CZS; the most relevant are a case se-
ries about CZS with arthrogryposis in 7 infants (8) and
another about CZS without microcephaly at birth in 13
infants (2). In the latter case series, 76% (10/13) of the
infants had dysphagia, which was present in children with
neurologic manifestations that were not very severe (2).
Feeding problems in persons with neurologic diseases are
mainly explained by brain damage leading to lack of swal-
lowing coordination; abnormalities of posture; and abnor-
malities of digestive tract motility, such as gastroparesis
and gastroesophageal reflux (9). Although these problems
may be the cause of dysphagia seen in infants with CZS,
we suggest that CZS-associated dysphagia might also be
caused by anomalies of orofacial anatomy, oral and up-
per respiratory tract sensitivity, and changes in the motor
function of the upper digestive tube caused primarily or
secondarily by direct action of the virus. We undertook
instrumental evaluation of dysphagia in children with
CZS with the objective of describing the characteristics
of this condition.
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Methods

Study Design and Population

We conducted a descriptive, retrospective, case series study
by reviewing the medical records of 9 children in Brazil with
dysphagia and CZS microcephaly diagnosed during the 2015
epidemic of microcephaly. The study was conducted in 3 ter-
tiary care institutions in Recife, Pernambuco State, Brazil: 1)
Associacio de Assisténcia a Crianca Deficiente, the reference
center for disabled children, where the infants with dysphagia
were followed up by a neurologist and speech pathologist; 2)
the Pediatric Otolaryngology and Pediatric Gastroenterology
Outpatient Unit at the Hospital das Clinicas da Universidade
Federal de Pernambuco, where infants received a complete
dysphagia assessment, including fiberoptic endoscopic eval-
uation of swallowing (FEES); and 3) the Division of Radiol-
ogy at Real Hospital Portugués, where infants underwent the
videofluoroscopic swallowing study (VFSS).

The 9 infants were referred for dysphagia evaluation
at 1 of the 3 study sites, where they underwent a complete
instrumental evaluation. All infants met the following 3 cri-
teria: 1) they had been diagnosed with microcephaly and
had brain imaging results suggestive of congenital Zika
virus infection; 2) other causes of infectious congenital
microcephaly (toxoplasmosis, cytomegalovirus, rubella,
syphilis, and HIV) had been excluded; and 3) their cerebro-
spinal fluid was Zika virus IgM—positive by capture ELISA
(10). Microcephaly was defined as head circumference 2
SDs below the median for newborn gestational age and sex
(11). Clinical neurologic evaluation included brain imag-
ing, without contrast, by computed tomography scanning.

Assessment of Dysphagia

Noninstrumental Assessment

We used the Schedule for Oral Motor Assessment (SOMA)
to evaluate motor oral dysfunction (12). SOMA is a stan-
dardized discriminative assessment that quantifies oropha-
ryngeal dysphagia in children 8-24 months of age. It is
used to evaluate oral motor dysfunction and is considered
one of the strongest measures for oropharyngeal dysphagia
in children with neurologic disabilities (13). The tool cat-
egorizes children as having oral motor dysfunction or nor-
mal function on the basis of specified thresholds for each
of 2 oral motor challenge categories: pureed and semisolid
foods. A speech pathologist conducted an assessment using
the adapted SOMA protocol (12).

Instrumental Assessment

We used 2 instrumental methods, FEES and VFSS, to
evaluate all 3 phases of dysphagia; these methods are con-
sidered the reference standards for instrumental evaluation
of all phases of dysphagia. FEES and VFSS are graded on
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an 8-point scale (the Rosenbek scale) (14) to assess and
grade aspiration and penetration. (Aspiration is defined as
passage of materials through the vocal folds, and laryngeal
penetration is defined as passage of materials into the lar-
ynx, but not through the vocal folds [into the airway].)

FEES

FEES was performed on the infants after they underwent
physical examination and clinical consultation with an oto-
laryngologist. FEES was performed according to the Lang-
more protocol (15) by using a 3.2-mm fiberoptic nasopha-
ryngolaryngoscope (Machida Endoscope Co., Ltd., Tokyo,
Japan). The captured images were recorded (Innova Micro-
Camera MFX 10G and Halogen Light FX 180R; Innova
Techinik, S&o Paulo, Brazil) and transferred to an Inter
Core 13-2348M N3 laptop computer (Intel, Recife, Brazil).
The otolaryngologist assessed the anatomy and deglutition
of the infants with the help of a speech pathologist and re-
corded the findings for further evaluation.

During the assessment, we gave each infant the fol-
lowing directly in their mouth via a metered syringe: lig-
uids (without thickener); 1 spoon thickened liquid (50 mL
of liquid with 3 g of thickener); and 2 spoons food paste
or puree, each with 3 g of thickener in 50 mL of liquid.
We sequentially administered 1 mL, 3 mL, and 5 mL of
each mixture. We used Sustap (Prolev, Abreu e Lima, Bra-
zil) as thickener and added liquid indigo blue food dye to
the preparations to obtain better visualization of the food
bolus during swallowing. To minimize the risk of aspira-
tion, we varied the sequence of administered mixtures (i.e.,
paste first, followed by thickened liquid and liquid) and the
amount of food given, according to each infant’s clinical
evaluation and information obtained from otolaryngolo-
gist’s consultation. Foods were given by a speech patholo-
gist using a 5-mL syringe; maneuvers to facilitate swallow-
ing were performed when needed.

VFSS

The digital fluoroscopy examinations were performed us-
ing @ Precision GE RXi fluoroscopic radiography system
(GE Healthcare, Waukesha, WI, USA). Digital images
were transmitted by using a picture archiving and commu-
nication system; the images were uploaded in a computer-
ized system and recorded in a standard DVD. The dynamic
recording minimum was 3 video frames/s. Oral, pharyn-
geal, and cervical esophagus swallowing phases were stud-
ied with infants positioned in the lateral position. For some
infants, the examination was extended on the medium and
distal esophagus with infants positioned in an orthostatic
laterolateral position. For this study, we added barium sul-
fate (Bariogel; Cristalia, Sdo Paulo, Brazil) to the testing
liquids and foods to obtain better visualization during swal-
lowing. Liquids were administered by bottle and cup, and
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food paste or puree (prepared as in the FEES study) was
administered by spoon.

Assessment of FEES and VFSS

We assessed 6 parameters for the diagnosis of dysphagia by
FEES and VFSS: 1) premature spillage; 2) delay in initiation
of swallowing; 3) residue of the bolus in the oropharynx after
swallowing; 4) residue of the bolus in the hypopharynx af-
ter at least 3 swallows (i.e., saliva, secretions, or swallowed
materials [contrast-enhanced in VFSS] accumulated in the
valleculae, on the lateral or posterior pharyngeal walls, or
in the piriform sinuses after deglutition); 5) laryngeal pen-
etration (i.e., presence of contrast [VFSS] or food residues
encroached in the airway, above the vocal folds with or
without coughing [FEES]); and 6) laryngotracheal aspiration
(i.e., presence of contrast-enhanced or noncontrast-enhanced
materials below the vocal folds) (16,17). To quantify the
severity of the last 2 parameters, laryngeal penetration and
laryngotracheal aspiration, we used the 8-point Rosenbek
scale (14), in which a score of 1 indicates absence of aspi-
ration or penetration material in the airways; scores of 2-5
indicate degrees of penetration into the airway; and scores of
6-8 indicate degrees of aspiration. Penetration is scored as
2 or 3 if material remains above the vocal folds and as 4 or
5 if material contacts the vocal folds. Each successive score
on the scale indicates a more severe sign of dysphagia than
the score preceding it. Thus, a score of 8 indicates the most
severe condition: aspiration of material without a reflexive or
conscious attempt to expel it, which is referred to clinically
as silent aspiration.

Other Collected Data

We used a standard form to abstract individual demo-
graphic and clinical data from records, including reports
by mothers of rash during pregnancy. All described inves-
tigations were conducted as part of the clinical protocol or
for a clinical indication; none was conducted for research
reasons alone. The study was approved by the Ethics Com-
mittee on Research (CAAE: 52803316.8.0000.5192).

Results

Nine infants of various ages and with different characteristics
at assessment (online Technical Appendix Table 1, https://
wwwnc.cdc.gov/ElD/article/23/8/17-0354-Techappl.pdf)
were referred for dysphagia investigation and received com-
plete instrumental assessment. All infants had a degree of
neurologic damage, with global developmental delays, hy-
pertonia of the limbs, and pyramidal and extrapyramidal
signs; most infants had abnormal movement of the tongue,
contributing to dysphagia. The hypertonia caused abnormal
posture with hyperextension of the neck in some infants.
Neck hyperextension was associated with irritability, a fre-
quent symptom in children with CZS (6/9 children in this
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series), and was a contributing factor to dysphagia. Only 2
of the 9 infants (patients 2 and 6) made any degree of visual
contact, and only patient 6 interacted well with the environ-
ment. Patient 6 was the only infant who showed any motor
development (good neck control and palmar grasping with
the right hand) (online Technical Appendix Table 1). Results
of brain imaging for the infants were consistent with those
described elsewhere for infants with CSZ microcephaly
(18): all showed calcifications, predominantly in the corti-
cal and subcortical region, and particularly in the border be-
tween white matter and cortex; malformations of the cortical
development were present in 8 of the 9 infants (Figure 1).
Only 3 of the infants had cerebellum or brainstem hypoplasia
(online Technical Appendix Table 2).

Onset of dysphagia was after the third month of life
in 8 of the 9 infants. According to their mothers, the first
symptoms of dysphagia for most of the infants were chok-
ing, cough, regurgitation, respiratory infections, and ex-
tended feeding time. All children were being fed by mouth
with thickened liquids; 2 infants (patients 2 and 9) needed a
nasoenteral tube after 6 months of age (Table).

Anatomic Assessment

Our FEES assessment of each infant’s respiratory tract
showed no malformations or anatomic or functional anom-
alies. In each infant, the larynx was symmetrical, and mo-
bility of the vocal cords was preserved. A common finding
was an omega-shaped epiglottis, but this is common in in-
fants and not considered pathologic.

Abnormal Oral Phase

According to the SOMA and FEES assessments, the oral
phase of swallowing was abnormal in all 9 infants. Abnor-
malities were characterized by premature spillage, presence
of bolus residue in the oral cavity and oropharynx (except
in patient 6), and marked loss of voluntary activity during
the oral phase of swallowing, which is directed by the brain
cortex (online Technical Appendix Table 3).

All 9 infants had oral motor dysfunction for pureed
food, as demonstrated in the SOMA assessment. Eight in-
fants had significant lack of function in the labial sphincter;
only 1 (patient 6) was able to achieve complete labial clo-
sure. There were predominant dysfunctions during upper
and lower lip activities and, at the same time, an ungraded
jaw opening (ability to judge how far the mouth needs to
open) while introducing the spoon into the oral cavity.
Tongue protrusion beyond incisors was observed in all in-
fants. These findings are evidence of a major impairment of
the oral phase of swallowing, which leads to difficulties in
oral control and premature spillage of bolus, increasing oral
transit time for the bolus preparation.

One of the infants refused semisolid food, so we as-
sessed only 8 infants. All but 1 (patient 6) of the assessed
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Figure 1. Computed tomography radiographs of the brains of 2 infants with dysphagia and microcephaly caused by congenital Zika
virus infection, Brazil, 2015. A-D) Images for patient 4 show malformation of cortical development, ventriculomegaly (long arrows),
and calcifications in cortical and subcortical white matter in transition between cortex and white matter (short arrows). E-H) Images for
patient 6 show no malformation of cortical development or ventriculomegaly, but calcifications are visible in the cortical area (arrows).

infants had oral motor dysfunction for semisolid food.
Changes associated with graded jaw opening while a spoon
was introduced into the oral cavity were observed in all
infants, pointing to dysfunctions of jaw grading.

Increased Risk of Aspiration in Pharyngeal Phase
Eight of the 9 infants had loss of pharyngeal and laryngeal
sensitivity leading to delays in initiation of the pharyngeal
(or semiautomatic) swallowing phase and evidence that the
swallowing reflex was triggered only when the bolus ar-
rived on pyriform sinuses or the retrocricoid region, a delay
that is associated with increased risk of aspiration before
swallowing (Figure 2). FEES results showed penetration,
aspiration, or both in all 9 infants; VFSS results showed
these effects in 4 of the 9. FEES showed no cough reflex,
characterizing silent aspiration, in 3 infants (online Tech-
nical Appendix Table 3); this finding was more evident
with liquid than with pureed food. After the swallowing
reflex was completed, 5 of 9 infants had complete pharyn-
geal clearance. Those with incomplete clearance benefited
from digital stimulation of swallowing, a maneuver that ef-
ficiently triggered the swallowing reflex.

1256

Insufficient Volume to Assess Esophageal Phase
Because of their clinical condition, 7 of the 9 infants could
not swallow a sufficient volume of contrast to enable analy-
sis of esophageal transit time. The 2 infants who could be
assessed had delays in emptying the distal esophagus of test
material with contrast medium.

Discussion

Dysphagia with onset from the third month of age appears
to be a common feature of CZS-associated microcephaly.
In this case series, dysphagia appears to have resulted from
cortical and extrapyramidal neurologic damage that led to
disorganization of voluntary swallowing activity, including
oral phase dysfunction with alterations in food capitation and
labial closure, loss of food from the mouth, wrong position-
ing of the bolus, and bolus ejection. This dysfunction leads
to premature spillage of bolus and increased risk of airway
penetration or aspiration before the swallowing reflex is trig-
gered, which are compatible with sensorial alterations in the
oral cavity, pharynx, and larynx, leading to delays in the start
of the pharyngeal phase. Liquid foods were more likely than
pureed food to lead to penetration, aspiration, or both.
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Table. Clinical features in 9 infants with dysphagia due to congenital Zika syndrome microcephaly, Brazil, 2015

Age, mo, at Respiratory infection

Patient onset of (no.)/hospitalization Feeding Oral feeding

no. dysphagia Main symptoms* (no.) intervention time >30 mint

1 4 Irritability, coughing or choking when eating or No Food thickening No
drinking, breast-feeding difficulties

2 4 Breast-feeding difficulties, regurgitation, weight No Nasoenteral tube Yes

loss (at age 6 mo)

3 3 Breast-feeding difficulties, choking when drinking No Food thickening Yes

4 6 Regurgitation, coughing or choking when eating Yes (1)/Yes (>3) Food thickening Yes
or drinking, respiratory infections

5 2 Coughing or choking when eating or drinking No Food thickening No

6 6 Regurgitation No Food thickening No

7 7 Respiratory infections Yes (2)/Yes (1) Food thickening Yes

8 2 Coughing or choking when eating or drinking, Yes (1)/Yes (1) Food thickening Yes

regurgitation, respiratory infections, weight loss
9 5 Regurgitation, coughing or choking when eating Yes (1)/Yes (1) Nasoenteral tube Yes

or drinking, respiratory infection

(at age 11 mo)

*Reported by parent or guardian.
TBefore feeding interventions.

Few articles have been published on dysphagia in chil-
dren with severe disability and nonprogressive, chronic en-
cephalopathy; most published articles refer to dysphagia in
persons with cerebral palsy. Gise et al. (19) described oral
motor dysfunction in up to 90% of persons with cerebral
palsy. Calis et al. (20), Fung et al. (21), and Santoro et al.
(22) suggested that the severity and prevalence of dyspha-
gia in children with cerebral palsy are strongly associated
with gross motor functional capacity. van den Engel-Hoek
et al. (23) showed the influence that dysfunction in any
of the different levels of central and peripheral nervous
system functions involved in initiating, coordinating, and
modulating the swallowing process might have in causing
dysphagia in 1 or all 3 phases of swallowing.

Dysphagia in children with different neurologic etiolo-
gies is characterized by considerable variability. Cameron et
al. (24) described 23 patients with symptomatic congenital
cytomegalovirus infections and showed that symptomatic in-
fections often cause a generalized encephalopathy with glob-
al functional deficits (including severe swallowing and cog-
nitive impairments) and correlate with severity as determined

by the Gross Motor Function Classification System (https://
www.canchild.ca/en/resources/42-gross-motor-function-
classification-system-expanded-revised-gmfcs-e-r).

The severe form of CZS with microcephaly usually
causes severe encephalopathy with cerebral palsy second-
ary to brain injury, including involvement of cortical and
subcortical areas, the basal ganglia, and, in some cases, the
brainstem. Some patients with CZS may also have arthro-
gryposis with involvement of the lower motor neuron. All
of these patterns of injuries can cause interference in any
phase of swallowing.

As of this writing, children with microcephaly resulting
from CZS have only been followed for up to a maximum of
18 months after onset, but it is known that they have multiple
disabilities affecting motor function, cognition, sight, and
hearing. CZS is a new syndrome, and so far, there are no ad-
equate standardized instruments for the rigorous, integrated,
complete evaluation of all the deficits involved.

The discordance between results from FEES and
VFESS is well described in the literature (25). The discor-
dantresults in this series probably resulted from the infants’

Figure 2. Instrumental evaluation of an infant with dysphagia and microcephaly caused by congenital Zika virus infection, Brazil, 2015.
A) Videofluoroscopic swallowing study image showing a lateral view of the infant with premature spillage of liquid food (with added
contrast) in the pharynx before triggering of the swallowing reflex. B) Image of the fiberoptic endoscopic evaluation of a delay in initiation
of swallowing; thickened, dyed liquid is visible on the supraglottis. C) Silent aspiration, as indicated by a Rosenbek score of 8.
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intolerance to FEES, which led to crying and irritability
that, in turn, could have facilitated penetration, aspiration,
or both. Although VFSS scores agreed more closely with
the clinical evaluation, FEES allows a better evaluation of
the pharyngeal phase of swallowing and usually can assess
laryngeal sensitivity, which cannot be assessed by VFSS.
In addition, FEES can be conducted as a bedside examina-
tion and is less costly than VFSS (26). However, informa-
tion from VFSS and FEES is complementary.

To characterize dysphagia among infants in this study,
we used the 2 most widely used instrumental methods:
VFESS and FEES. The American Speech-Language-Hear-
ing Association (http://www.asha.org/) considers these
tests the reference standards for diagnosing dysphagia and
assessing its management in order to decrease ill health and
prevent death.

FEES is a dynamic test conducted in real time that pro-
vides direct visualization of the pharyngeal phase of swal-
lowing and investigation of anatomic structures and their
sensitivity. One limitation of FEES is that it requires use of
nasofibroscopy, which often causes discomfort and crying
in breast-feeding babies. Children with CZS microcephaly
are extremely irritable, possibly because of spasms, epi-
lepsy, or both. This was the case in 6 of the 9 infants in this
series; thus, we did not feel that we could consider evaluat-
ing pharyngeal and laryngeal sensitivity in the infants.

All instrumental dysphagia evaluations require that
the patients have adequate posture for testing and that, to
a degree, they cooperate with the testing. Infants with CZS
and microcephaly are irritable, are hyperexcited to external
stimuli, and retain some primitive reflexes, so they will al-
ways be a difficult population to evaluate, in particular using
FEES, which can trigger irritability and crying and interfere
with the evaluation of penetration, aspiration, or both, espe-
cially in the first few months of life. There were no severe
complications concerning the endoscopic procedure, sug-
gesting that this examination is safe in this population.

The challenge with VFSS was the small volume ingest-
ed and the need to minimize exposure time to x-rays, factors
that limited the usefulness of the analysis of transit. This
study was based on only 9 cases; however, we expect that
knowledge about dysphagia in infants with CZS and micro-
cephaly will increase as more affected children with a wider
range of disabilities are studied by instrumental assessment.

In the first few months of life, swallowing is a reflex
activity, as the child feeds essentially through suction. The
oral or preparatory phase, usually established at that age,
is a voluntary activity that requires intact cortical func-
tion, which is absent in many children with CZS. In the
infants in this series, the transfer of swallowing from a re-
flex activity to a complex voluntary sensorimotor process
led to abnormal oral phase movements that disrupted nor-
mal swallowing after 3 months of age. The severity of the
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abnormal findings in the infants’ brain images is consis-
tent with the infants” symptoms. Compared with the other
infants, patient 6, who had no congenital malformation of
the cortex, had the least severe dysphagia; the only normal
SOMA results; better coordination between suction, swal-
lowing, and breath in VVFSS; and clearance of food during
the oral and pharyngeal phases. These findings suggest that
cortical damage causes the dysfunction in the voluntary
phase of swallowing.

This preliminary case report is not intended to be a full
evaluation of all cases, or even a representative sample, of
CZS-associated or CZS microcephaly—associated dyspha-
gia; such an evaluation will result from the follow-up of
representative cohorts. Our results are intended to inform
ongoing studies and clinical management of dysphagia in
children with CZS or CZS microcephaly.

In conclusion, dysphagia resulting from CZS micro-
cephaly is severe and has onset after 3 months of age. Af-
fected children have marked oral dysfunction, with dystonic
movements of the tongue, and lack pharyngeal sensitivity,
leading to risk of aspiration, in particular of liquid foods.
Infants in this study were better able to swallow pureed than
liquid foods; thus, we recommend that pureed or thickened
food be fed to children with dysphagia caused by CZS and
microcephaly. We also advise that care be taken during
feeding to avoid the overextended posture characteristic of
many children with CZS, a posture that facilitates aspira-
tion. Furthermore, we recommend that, when feasible, the
clinical follow-up of children with CZS should be conduct-
ed by a comprehensive and multidisciplinary team of child-
hood specialists in neurology, gastroenterology, speech pa-
thology, nutrition, and otorhinolaryngology, using clinical
and instrumental swallowing assessments (with FEES and
VESS) to identify different aspects of dysphagia. For clini-
cal management, the clinical evaluation remains key.

CZS is a new syndrome, and its definition and pro-
gression are still being defined. In addition to continued
research into all manifestations of CZS and the overall
clinical development of affected children, we also advo-
cate for research into whether all children born to mothers
with Zika virus infection during pregnancy, regardless of
the presence of microcephaly, have swallowing dysfunc-
tion when evaluated by using standardized protocols. Such
a study is ongoing in Recife and will establish the preva-
lence, characteristics, and evolution of dysphagia as well
as the possibility of onset of any abnormalities of the in-
testinal tract.
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Zika Virus Infection in Patient
with No Known Risk Factors,
Utah, USA, 2016

Elisabeth R. Krow-Lucal, Shannon A. Novosad, Angela C. Dunn, Carolyn R. Brent,
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Brad J. Biggerstaff, Michael Rubin, Scott K. Fridkin, J. Erin Staples, Allyn K. Nakashima

In 2016, Zika virus disease developed in a man (patient A) who
had no known risk factors beyond caring for a relative who
died of this disease (index patient). We investigated the source
of infection for patient A by surveying other family contacts,
healthcare personnel, and community members, and testing
samples for Zika virus. We identified 19 family contacts who
had similar exposures to the index patient; 86 healthcare per-
sonnel had contact with the index patient, including 57 (66%)
who had contact with body fluids. Of 218 community mem-
bers interviewed, 28 (13%) reported signs/symptoms and 132
(61%) provided a sample. Except for patient A, no other per-
sons tested had laboratory evidence of recent Zika virus infec-
tion. Of 5,875 mosquitoes collected, none were known vectors
of Zika virus and all were negative for Zika virus. The mecha-
nism of transmission to patient A remains unknown but was
likely person-to-person contact with the index patient.

ika virus is an emerging mosquitoborne flavivirus
transmitted primarily through the bite of infected Ae-
des (Stegomyia) mosquitoes. Other modes of transmission,
including intrauterine, perinatal, sexual, blood transfu-
sions, and laboratory exposure, have been described (1-6).
In June 2016, a 73-year-old man (index patient) died in
a hospital in Salt Lake City, Utah, USA (7) (Figure 1). He
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had returned from Mexico 11 days previously and began
feeling ill 3 days after his arrival in the United States. He
sought care 2 days after illness onset and was hospitalized
3 days later. After admission, his health rapidly declined,
and he died 3 days later of suspected dengue hemorrhagic
shock syndrome. Postmortem testing identified Zika virus
RNA in a blood sample obtained during hospitalization; the
level of viremia in his serum sample was uncharacteristi-
cally high (7,8).

Six days after the death of the index patient, subjective
fever, rash, and conjunctivitis developed in a 38-year-old
man who was a family contact (patient A) (7). Patient A had
not traveled to an area with ongoing Zika virus transmission,
had not had sexual contact with a person who recently trav-
eled to such an area, and had not received a blood transfusion
or organ transplant. However, patient A had contact with the
index patient during his period of viremia. Patient A also vis-
ited the 2 residences of the index patient after his death, sug-
gesting possible vectorborne transmission from Ae. aegypti
mosquitoes, which have been previously identified in Utah
(9). Urine obtained from patient A 7 days after illness onset
was positive for Zika virus RNA, and a day 11 serum sample
was positive for Zika virus IgM and Zika virus and dengue
virus neutralizing antibodies (8). Given the lack of travel or
other risk factors for acquiring Zika virus for patient A, a
public health investigation was launched to better define his
exposures and determine a probable source of infection.

Methods

For this investigation, we defined a contact as a per-
son who resided in the same household with the index
patient or who had direct contact with the index patient
or his blood or other body fluids, such as conjunctival
discharge, respiratory secretions, vomit, stool, or urine,
when he was potentially viremic (defined as the date the
index patient returned to the United States until his death).
Evidence of recent infection was defined as a person with
Zika virus RNA in serum or urine or Zika virus IgM and
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Zika Virus in Patient with No Risk Factors

Figure 1. Timeline of events
for investigation of Zika virus
infection in patient with no
known risk factors, Utah,
USA, 2016. CDC, Centers

for Disease Control and
Prevention; DOH, Department
of Health.

neutralizing antibodies in serum samples that were nega-
tive for neutralizing antibodies against dengue virus (10).
We obtained consent for all persons who provided a sample
or participated.

Assessment of Person-to-Person Transmission

Evaluation of Family Contacts and Mortuary Workers

State and local health department staff interviewed all
family members and friends identified as potential con-
tacts of the index patient from the date when he was
found to be positive for Zika virus through when patient
A showed a positive test result. Interviewers asked about
exposures to the index patient and any recent travel or
vaccination that might affect Zika virus test results. All
contacts were asked to provide a blood or urine sample
to test for recent Zika virus infection. All community
funeral and mortuary workers who had contact with the
body of the index patient met the definition of a contact
and were asked about their exposures and to provide a
blood sample.

Assessment of Healthcare Personnel

Hospital medical records of the index patient were re-
viewed to characterize and quantify clinical conditions
and procedures that generated blood or body fluid. A list
of all healthcare personnel who potentially interacted with
the index patient was generated on the basis of employee
assignments. Healthcare personnel with possible contact
were called and an interview was scheduled. If after 2 at-
tempts they could not be reached, they were categorized
as not reachable. Healthcare personnel were interviewed
to determine the level of interaction (e.g., type of contact,
type of care provided, exposure to blood or body fluids,
use of personal protective equipment [PPE]); recent trav-
el; and vaccinations. Healthcare personnel were defined
as having other concerning factors if they reported being
pregnant, were attempting to become pregnant, or had
>2 signs/symptoms consistent with Zika virus infection
(i.e., fever, rash, arthralgia, or conjunctivitis) in the previ-
ous 30 days. All employees with direct contact or other
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concerning factors were asked to provide blood or urine
samples for Zika virus testing (11).

Assessment of Potential Vectorborne Transmission

Vector Assessment

Local mosquito abatement districts worked in collabo-
ration with the Centers for Disease Control (CDC, Fort
Collins, CO, USA) to conduct larval and adult mosquito
surveillance in the 3 areas where the index patient (2
residences) and patient A resided. Door-to-door house-
hold surveys were conducted, and light traps, CO, traps,
gravid traps, and BioGents traps (BioGents, Regensberg,
Germany) were deployed to collect different species at
sites around residences of patient A and the index pa-
tient. During mid-July, mosquito abatement district adult
mosquito collection was performed for 2 days. Five days
after the first trapping, CDC and local mosquito abate-
ment districts collected mosquitoes at 12 sites in each
of the 3 areas described. Specifically, 18 BioGents-2, 6
gravid, and 6 CDC light traps with CO, were used for 30
traps/day. Ovicups were set at 9 sites to detect contain-
er-inhabiting Aedes mosquitoes. Adult mosquitoes were
shipped on dry ice to CDC in Fort Collins for processing
and testing.

Potential larval and pupal habitats were inspected at
the 3 residences of interest and nearby homes. Aquatic
stages were collected and transported to mosquito control
district facilities for rearing and identification.

Community Assessment

All households within a 200-m radius of the 2 properties
where the index patient stayed while potentially viremic
were surveyed. We determined this radius on the basis
of a compromise between the likely movement of Aedes
mosquitos (estimated as ~30-450 m/d) and the number of
households that could be surveyed (12). A household was
eligible for inclusion if >1 resident of the house had resided
in the household for the month before illness onset of pa-
tient A. A person who slept in the house >2 days/week was
considered a household member.
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Teams visited households in late July for 4 days,
provided information about the investigation, and ob-
tained verbal consent. If the person did not wish to par-
ticipate, they were considered refusing. If no residents
or heads of household were available at the initial visit,
they were revisited 2 more times at a different time and
day. If after 3 visits no one answered, the household was
considered not available. For participating households,
verbal consent or assent to participate was obtained from
all household members >12 years of age. For children
<18 years of age, permission was obtained from parents
or legal guardians.

We surveyed all consenting household members by
using a questionnaire that captured information on de-
mographics, signs/symptoms of possible Zika virus in-
fection, recent travel or sexual contact with a traveler,
receipt of flavivirus vaccines, pregnancy status, expo-
sures to mosquitoes, and personal and household protec-
tive measures. We defined signs/symptoms of possible
Zika virus infection as fever, rash, conjunctivitis, or ar-
thralgia with onset after the date of return of the index
patient to the United States. Persons whose signs/symp-
toms began before the return of the index patient or were
explained by an alternate etiology (e.g., culture-proven
bacterial infection) were not included among those with
reported signs/symptoms. After completion of the sur-
vey, we asked each household member >6 months of
age to provide a blood sample; for participants symp-
tomatic within the previous 2 weeks, a urine sample
was also collected. We did not collect samples from in-
fants <6 months of age because interpretation of results
would be complicated by maternally derived antibodies.
However, parents did respond to the questionnaire for
those infants.

Laboratory Testing

Serum samples were tested by using a Zika virus IgM
capture ELISA at CDC (Fort Collins) or the Utah Public
Health Laboratory (Salt Lake City, UT, USA) per standard
protocol (13,14). Samples positive for Zika virus IgM were
confirmed by using a 90% plaque reduction neutralization
test at CDC (Fort Collins) (15). Urine samples were tested
by using a reverse transcription PCR (RT-PCR) (Trioplex
assay) for Zika virus at the Utah Public Health Laboratory
(14). If a person reported signs/symptoms in the past week,
then their serum sample was also tested by RT-PCR for
Zika virus RNA per testing guidelines (13). Mosquito pools
were tested for Zika virus and West Nile virus RNA by us-
ing described methods (16).

Data Collection and Analysis

We entered survey data with unique identification num-
bers for participants into either REDCap (https://www.
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project-redcap.org/) or Epi Info (CDC) databases for
analysis. We summarized continuous variables as me-
dians and ranges and dichotomous variables as frequen-
cies and proportions. For the community assessment, we
first estimated the number of persons residing in the ar-
eas around residences of the index patient on the basis
of average household size values at the ZIP code level
obtained from the 2010 US Census (17). We then used the
hypergeometric distribution to calculate the probability
that a nonparticipant residing in the areas near the resi-
dences of the index patient could have been infected with
Zika virus.

Procedures and data collection tools for healthcare
personnel and community assessments were reviewed by
human subject advisors at the Utah Department of Health
and CDC. These procedures and tools were determined to
be part of a nonresearch public health response.

Results

Evaluation of Family Contacts and Mortuary Worker

A total of 22 family members or friends potentially in-
teracted with the index patient from his return to the
United States until after his death; 19 (86%) met the def-
inition of a contact. Of the 19 family contacts, 15 resided
with or visited the index patient at his residences, and 13
visited him at the hospital. The most common interac-
tions with the index patient included kissing, primarily
on the cheek (n = 6), and assisting in care (e.g., clean-
ing up vomit, stool, or urine, or wiping tears) (n = 6).
These activities were performed without PPE. Twelve
community mortuary workers also interacted with the
index patient in the hospital or mortuary, and all met the
definition of a contact. Other than patient A, no other
contact reported a Zika-like illness after their interaction
with the index patient.

Of the 19 family or friend contacts, 18 were negative
for Zika virus IgM in serum (n = 14) or Zika virus RNA by
PCR in urine (n = 17). Only patient A had recent evidence
of Zika virus infection. All 12 mortuary workers were neg-
ative for Zika virus IgM in serum.

The most recent travel of patient A was to Mexico
>1 year earlier. He had not had sexual contact with some-
one who had recently traveled to an area where Zika vi-
rus was known to be circulating and had not received any
blood transfusions or organ transplants. He did not have
any serious underlying conditions and was not immuno-
suppressed. Similar to other family members, patient A
visited the residences where the index patient was stay-
ing before the index patient was hospitalized and after his
death. Before hospitalization of the index patient, patient
A had only casual contact (e.g., hugging and kissing) with
the index patient.
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During hospitalization of the index patient, patient A
reported staying for 2 days and nights (>48 hours) in his
room in the intensive care unit (ICU) and reported hugging,
kissing, and touching him frequently. He assisted hospital
staff in moving the index patient after a bowel movement,
but did not come into contact with fecal matter or any other
body fluid. Patient A had no breaks in his skin, including
no chronic skin conditions, oral lesions, recent dental work,
or needle exposures. Interactions of patient A with the
index patient were similar to those reported by other fam-
ily members. The wife of the index patient reported more
frequent and direct contact (assisted with bodily functions,
patient cleaning, and in-home care) with the index patient
than patient A.

Assessment of Healthcare Workers

The index patient was evaluated in the emergency depart-
ment twice before being admitted and transferred to an ICU
for the duration of his hospitalization. He required intensive
clinical care, including mechanical ventilation, hemodialy-
sis (continuous renal replacement therapy), and multiple
procedures, including central and arterial line placement
and endotracheal intubation (Figure 2). These procedures
provided opportunities for contact of healthcare personnel
with blood or other body fluids.

A total of 132 healthcare personnel were identified
as having potential contact with the index patient, or his
immediate environment, waste, or medical equipment.
Twenty denied any interaction with the index patient and

Zika Virus in Patient with No Risk Factors

14 were not reachable, resulting in 98 (74%) available for a
complete interview. Of these personnel, 86 (88%) reported
contact with the index patient or his immediate environ-
ment or had other concerning factors.

Of the 86 workers, 54 (63%) had contact with the
index patient in the ICU and 26 (31%) had contact with
the index patient in the emergency department. Most (72,
84%) workers provided direct patient care, and 57 (66%)
reported contact with blood or other body fluids (Table 1).
These 57 healthcare workers reported 128 separate expo-
sures to blood or body fluids, including 39 (30%) expo-
sures to blood, 35 (27%) to sweat, 18 (14%) to respiratory
secretions, 15 (12%) to urine, 10 (8%) to stool, 8 (6%) to
tears, and 3 (2%) to vomit. The most common PPE en-
semble worn during these encounters was gloves only (81
workers, 63%) followed by gloves and gown (23, 18%);
10 (8%) encounters occurred without any PPE being used,
including 8 encounters with sweat and 2 with tears (Table
1). No healthcare workers reported blood or body fluid con-
tact with nonintact skin or mucous membranes, and there
were no percutaneous exposures. Two healthcare work-
ers reported having blood-soaked scrubs after postmortem
cleaning of the body.

Eighty (93%) of 86 healthcare workers provided blood
samples for testing, and 1 person with recent signs (rash
and conjunctivitis) provided a urine sample for testing. All
80 (100%) serum samples were negative for Zika virus
IgM, and the 1 urine sample was negative for Zika virus
by RT-PCR.

Figure 2. Characteristics of clinical course investigation of Zika virus infection in patient with no known risk factors, Utah, USA, 2016.
Patient location, procedures, and body fluid output are as documented in medical records by day of treatment or observation of index
patient. Body fluid output is separate from potential exposures generated by procedures. CRRT, continuous renal replacement therapy;
ED, emergency department; ICU, intensive care unit; IV, intravenous line; v/, recorded output (frequency).
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Table 1. Characteristics of 128 encounters by 57 healthcare personnel with index patient by type of PPE used during investigation of
Zika virus infection in patient with no known risk factors, Utah, USA, 2016*

PPE Blood, n =39 Respiratory/Gl/GU, n = 46 Sweat, n = 35 Conjunctival, n =8 Total, n =128
None 0(0) 0(0) 8(23) 2 (25) 10 (8)
Gloves only 29 (74) 27 (59) 21 (60) 4 (50) 81 (63)
Gloves and gown 8 (21) 11 (24) 3(9) 1(13) 23 (18)
Other 2 (5) 6 (13) 0(0) 0(0) 8 (6)
Unknown 0(0) 2(4) 3(9) 1(13) 6 (5)

*Values are no. (%) persons. Gl, gastrointestinal; GU, genitourinary; PPE, personal protective equipment.

Assessment of Vectorborne Transmission

Vector Surveillance

Larvae and pupae collected at the 3 residences and nearby
areas included only Culex and Culiseta species (Cx. pipi-
ens, Cx. tarsalis, Cs. incidens, and Cs. inornata). Inspec-
tion of egg papers from ovicups failed to detect viable mos-
quito eggs. Mosquito collections from all traps failed to
detect the invasive species Aedes aegypti or Ae. albopictus.
A total of 5,875 adult mosquitoes representing 7 species
(4,765 Cx. pipiens, 658 Cx. tarsalis, 4 Culex spp., 299 Cs.
incidens, 138 Cs. inornata, 7 Ae. dorsalis, 1 Ae. vexans,
2 Aedes spp., and 1 Anopheles freeborni) were collected
and tested for virus in 501 pools. All mosquito pools were
negative for Zika virus by RT-PCR. However, 2 pools con-
taining female Cx. pipiens mosquitoes were positive for
West Nile virus RNA by RT-PCR with screening and con-
firmatory primers.

Community Survey

There were 226 occupied households within a 200-m ra-
dius of the residences where the index patient stayed. Of
these households, 89 (39%) had >1 resident who completed
a survey; 72 (32%) were not available, 62 (27%) refused
participation, and 3 (1%) were excluded because residents
were unable to be interviewed in their native language.

From the 89 participating households, 218 persons
completed a questionnaire (for themselves or family mem-
bers <12 years of age). Of the 218 participants, 119 (55%)
were female; median age was 35 years (range 4 months—80
years) (Table 2). Most (150, 69%) participants spent an av-
erage of >1 hours/day outdoors during the preceding month.
However, most (172, 79%) reported never wearing insect
repellent. Less than half (87, 40%) reported being bitten by
mosquitoes in the preceding month. Only 22 (10%) partici-
pants reported traveling in the preceding year, but most of
them (20, 91%) reported traveling to a country where Zika
virus was known to be circulating. Twenty-eight (13%) par-
ticipants reported having >1 of the 4 Zika virus—associated
signs/ symptoms in the month before their interview; 15
(7%) reported having >2 signs/symptoms.

Of the 218 participants, 132 (61%) also provided >1
sample, including 124 who provided only a blood sample,
6 who provided blood and urine samples, and 2 who pro-
vided only a urine sample. Of the 130 blood samples, 2
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were positive for Zika virus IgM. However, these results
for the 2 samples were not confirmed by plaque reduction
neutralization test (these samples were negative for Zika
virus and dengue virus neutralizing antibodies). Because
these 2 samples were obtained from asymptomatic persons,
urine samples were not obtained. All other serum samples
were negative for Zika virus IgM. All 8 urine samples were
negative for Zika virus RNA.

Given the number of persons estimated to live in
households in the survey area and who provided a speci-
men, and that no positive samples were observed, we found
that the exact upper 95% confidence limit for the proportion
of Zika virus—positive persons in the (untested) population
of nearby residents was 2.0% when we used sampling with-
out replacement and the finite population. Thus, it is highly
likely that <2.0% of unsampled persons would have been
infected with Zika virus.

Discussion

Our investigation of patient A did not identify the prob-
able source of his infection and did not identify any ad-
ditional persons recently infected with Zika virus among
family contacts, healthcare workers, or community mem-
bers. The index patient was unique when compared with
other persons with Zika virus disease because his illness
was fatal and his relative viral load was estimated to be
~100,000 times higher than the average level reported (8).
These characteristics, combined with a lack of additional
exposure for patient A, make it likely that the index patient
was the source of infection for patient A, although inabil-
ity to sequence virus obtained from patient A prevented a
definitive confirmation (7). None of the other family mem-
bers became infected, despite similar or more frequent and
direct contact with the index patient during his viremic pe-
riod. No healthcare personnel became infected despite the
index patient having substantial invasive procedures and
moderate production of body fluids. Overall, our findings
suggest the infection of patient A represents a rare trans-
mission event through unknown, but likely, person-to-per-
son mechanisms.

On the basis of reported contact of patient A with the
index patient, patient A might have been exposed to sa-
liva or tears of the index patient, although patient A had
no skin lesions or noted mucous membrane exposures that
would have increased his likelihood of becoming infected,
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Table 2. Characteristics of 218 community survey questionnaire
respondents during investigation of Zika virus infection in patient
with no known risk factors, Utah, USA, 2016

Characteristic No. (%)
Demographic
Age, y
<20 65 (30)
20-39 57 (26)
40-59 53 (24)
>60 31 (14)
Unknown 12 (6)
Sex
F 119 (55)
M 99 (45)
Pregnant 2(1)
Born outside United States 63 (29)
Exposures in 30 d before survey
Average time outdoors/d, h
<1 55 (25)
1-4 108 (50)
5-10 24 (11)
>10 18 (8)
Unknown 13 (6)
Repellent use while outdoors
Always 8(4)
Most of the time 3()
Sometimes 21 (10)
Never 172 (79)
Unknown 14 (6)
Recent mosquito bites 87 (40)
Screens on windows
All 72 (33)
Most 33 (15)
Some 28 (13)
None 13 (6)
Never leave windows or doors open 52 (24)
Unknown 20 (9)
Travel out of country in previous year
Traveled internationally 22 (10)
Travel location
South America 19 (9)
Central America 1(0)
Caribbean 3()
Europe 1(0)
Asia 3(1)

Zika virus—like signs/symptoms in month before survey
No. reported signs/symptoms

0 181 (83)
1 13 (6)
2 14 (6)
3 1(<1)
4 0(0)
Unknown 9(4)
Type of signs/symptoms reported
Fever 16 (7)
Rash 9(4)
Conjunctivitis 5()
Joint pain 14 (6)

particularly when compared with other family members.
To date, Zika virus has been detected by viral culture in
several body fluids, including blood, urine, amniotic fluid,
a conjunctival swab specimen, breast milk, semen, and
saliva (18-22). Zika virus RNA also has been detected in
cerebrospinal fluid, aqueous humor, cervical mucous, and
nasopharyngeal, vaginal, and endocervical swab specimens
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(23-26). However, our knowledge about the timing and
amount of Zika virus in blood or body fluids of the index
patient was limited. Thus, we are unable to definitively
state how patient A was infected.

Although the index patient had a high level of viremia,
no healthcare personnel showed evidence of recent Zika
virus infection. There were >100 reported encounters with
blood and other body fluids with a variety of PPE reflecting
standard precautions, which is probably representative of
care given to patients in an ICU (27). This finding suggests
that healthcare workers caring for severely ill patients with
Zika virus disease should continue to use standard precau-
tions with correct PPE when handling body fluids to pre-
vent infection (28).

Although Ae. aegypti mosquitoes were previously
identified in southwestern Utah in 2013 (9), our vector in-
vestigations did not identify Ae. aegypti or Ae. albopictus
mosquitoes. None of the other mosquitoes collected were
positive for Zika virus, but 2 pools were positive for West
Nile virus, a finding that supports the efficacy of entomo-
logic surveillance. In addition, no persons tested in the
200-m radius around the households in which the index pa-
tient stayed had evidence of a recent Zika virus infection.
Although low-level transmission could not be definitively
ruled out, results of the vector and community investiga-
tions do not support the suggestion that patient A was in-
fected by a mosquito that had fed on the index patient be-
fore his hospitalization.

Our investigation had several limitations. First, al-
though family contacts and healthcare workers were in-
terviewed several times by professionals trained in inter-
view techniques, recall bias regarding specific exposures
they might have had with the index patient was likely.
Second, we probably did not identify all healthcare work-
ers who had contact with the index patient because in-
formation was obtained retrospectively from the chart for
the patient and staffing schedule. Third, documentation in
the medical records regarding type and amounts of body
fluids might have been incomplete, leading to underesti-
mation of healthcare personnel exposure. Fourth, because
of incomplete participation in the community survey, we
might have missed persons who were infected by Zika
virus in the community, an event we estimated to be low.
These limitations might have prohibited identification of
an alternate source of infection for patient A. We did not
explore potential differences in susceptibility between pa-
tient A and other contacts of the index patient but focused
on exposure. Thus, other factors, such as history of flavi-
virus infection in contacts of the index patient, might have
contributed to a difference in susceptibility to infection
between patient A and other persons.

Currently, Zika virus is known to be transmitted by the
bite of an infected mosquito, congenitally from an infected
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mother to her fetus, sexually, through blood transfusion,
and by laboratory exposure (1-6). Healthcare providers
and public health officials should be aware that person-to-
person transmission beyond sexual transmission might oc-
cur, albeit rarely, and should be investigated to determine
the potential source of infection by obtaining various body
fluids from persons suspected of transmitting the virus to
another person through an undetermined route. Addition-
al investigation is needed to determine the infectious risk
various body fluids represent for person-to-person trans-
mission and to determine host factors that might increase
susceptibility for infection.
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Acute Febrile lllness and
Complications Due to
Murine Typhus, Texas, USA1=

Zeeshan Afzal, Sunand Kallumadanda, Feng Wang, Vagish Hemmige, Daniel Musher

Murine typhus occurs relatively commonly in southern Tex-
as, as well as in California. We reviewed records of 90 adults
and children in whom murine typhus was diagnosed during
a 3-year period in 2 hospitals in southern Texas, USA. Most
patients lacked notable comorbidities; all were immunocom-
petent. Initial signs and symptoms included fever (99%),
malaise (82%), headache (77%), fatigue (70%), myalgias
(68%), and rash (39%). Complications, often severe, in
28% of patients included bronchiolitis, pneumonia, menin-
gitis, septic shock, cholecystitis, pancreatitis, myositis, and
rhabdomyolysis; the last 3 are previously unreported in mu-
rine typhus. Low serum albumin and elevated procalcitonin,
consistent with bacterial sepsis, were observed in >70% of
cases. Rash was more common in children; thrombocyto-
penia, hyponatremia, elevated hepatic transaminases, and
complications were more frequent in adults. Murine typhus
should be considered as a diagnostic possibility in cases of
acute febrile illness in southern and even in more northern
US states.

Murine (endemic) typhus is most frequently recog-
nized as an acute febrile illness, although the clinical
manifestations of this infection cover the full spectrum of
disease, from asymptomatic infection to fulminant disease
and death (1-5). The causative organism, Rickettsia typhi,
is a small, gram-negative, obligate intracellular bacterium.
Worldwide, especially in tropical and subtropical areas, the
roof rat (Rattus rattus) and Norway rat (Rattus norvegicus)
have been the principal reservoirs, with the rat flea, Xeno-
psylla cheopis, as the principal vector (2,6).

In the United States, individual murine typhus cases
and outbreaks have been reported from suburban areas;
in these instances, opossums (Didelphis virginiana) and
Rattus spp. have been implicated as the reservoirs, with
the cat flea, Ctenocephalides felis, as the principal vector
(2). The incidence of murine typhus declined sharply in
the United States after the institution of DDT for control
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of rat fleas in 1945 (5), but it now appears to be on the
rise, especially in southern Texas and California (2,7,8).
We describe 90 murine typhus infections that were diag-
nosed in 2 hospitals in Hidalgo County, Texas, USA, dur-
ing a 3-year period, with a comparison of clinical mani-
festations in adults and children.

Methods

Patient Identification

We searched microbiology laboratory records at McAllen
Medical Center (McAllen, TX, USA) and Edinburg Re-
gional Medical Center (Edinburg, TX, USA) for July 1,
2013-June 30, 2016, to identify patients who had typhus
group rickettsiae IgM or IgG at a titer >1:128 (9) (Focus
Diagnostics Rickettsia, Indirect Immunofluorescence An-
tibody for IgM and IgG; Labcorp, Houston, TX, USA). A
total of 101 patients were identified; all had been hospi-
talized. We carefully reviewed their medical records to be
certain that their clinical syndrome was suggestive of mu-
rine typhus.

Eleven of the 101 patients were excluded: 5 had in-
complete medical records sufficient to make a clinical di-
agnosis and 6 had another condition that might have caused
a fever (otitis media, active hepatitis C, Epstein-Barr virus
infection, untreated HIV infection, lymphoma, or tubercu-
losis). 1gG titers had been measured in every case. Of the
remaining 90 patients, 41 (45.6%) had been evaluated by
an infectious disease consultant, who either concurred with
or suggested the diagnosis of murine typhus in every case.

Case Definitions

For case identification, we used the Flea-borne Typhus
Epi Case Criteria 2016 Case Definition/Case Classifica-
tion of the Texas State Department of Health (9). We
also used the case classification scheme described by the

1A poster form of this study was presented at the Annual
Session and Primary Care Summit of Texas Academy of Family
Physicians, November 4-6, 2016, Dallas, TX, USA.

2An abstract has been accepted for ID Week 2017, October 4-8,
2017, San Diego, CA, USA, for an oral presentation.
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Centers for Disease Control and Prevention for spotted
fever rickettsiosis 2010 to categorize our patients with
suspected murine typhus, probable murine typhus, or con-
firmed murine typhus (10). Patients with suspected mu-
rine typhus were those with laboratory evidence of past
or present infection but without a clinically compatible
illness. Patients with probable murine typhus were those
in whom the clinical disease was compatible with murine
typhus (meets clinical evidence criteria) and with sup-
portive laboratory results. Patients with confirmed murine
typhus had a clinically compatible illness and laboratory
confirmation. Illnesses that are clinically compatible with
murine typhus are characterized by acute onset of fever
and >1: headache, myalgia, anorexia, nausea/vomiting,
thrombocytopenia, or elevated hepatic aminotransferas-
es. Supportive laboratory evidence is defined by indirect
immunofluorescence assay (IgM or IgG) serologic titer
>1:128. Laboratory-confirmed cases are required to have
serologic evidence of a 4-fold increase in IgG-specific an-
tibody titer reactive with typhus group rickettsiae antigen
by indirect immunofluorescence assay in paired serum
specimens (1 taken in the first week of illness and a sec-
ond 2—4 weeks later).

Data Gathering

We reviewed electronic medical records to obtain data
on demography and epidemiology; comorbid conditions;
symptoms and their duration before hospitalization; physi-
cal findings; laboratory results (hematology, chemistry, and
microbiology); imaging; requirements for intensive care;
hospital course; antimicrobial drug treatment; response to
treatment; and duration of hospital stay. This study was ap-
proved by the institutional review board of the University
of Texas Rio Grande Valley Medical School.

Data Analysis

Basic descriptive statistics were calculated, and compari-
sons between the proportion of adult and pediatric patients
with different signs and symptoms of murine typhus were
calculated with a 2 or Fisher exact test, as appropriate. All
analyses were performed in Stata 12 (Statacorp LLC, Col-
lege Station, TX, USA).

Results

On the basis of the definitions we described, 90 patients
were given a diagnosis of murine typhus. One patient had
a clinical syndrome consistent with murine typhus but
the presence of fever was not documented; this illness
was characterized as suspected murine typhus. Eighty-six
patients met criteria for probable murine typhus, and 3
had confirmed murine typhus. Overall, the initial IgM ti-
ter was >1:128 in 86 (96%) cases, and the 1gG titer was
>1:128 in 63 (70%) cases. Five patients had a second blood
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sample submitted for typhus group rickettsiae 1gG; 3 of
these exhibited a 4-fold increase in 1gG titer (rising from
<1:64 to 1:512) and were determined to be confirmed mu-
rine typhus. One patient had a 2-fold increase in 1gG titer;
in the other patient, IgG titer remained unchanged but IgM
titer doubled from 1:128 to 1:256, thus meeting the criteria
for probable murine typhus.

Of the 90 patients, 36 (40%) were <18 years of age,
and 45 (50%) were female. All patients included in the fi-
nal analysis had a clinical syndrome suggestive of murine
typhus (Table 1), including fever in 99%, malaise in 82%,
headache in 77%, fatigue in 70%, myalgias in 68%, and
rash in 39%. Other causes of the syndrome were sought by
bacteriologic and serologic studies in a varying proportion
of these cases; no other cause was found.

Complications of murine typhus occurred in 25
(28%) cases. Among documented complications were
bronchiolitis in 2 cases, pneumonia in 8, pancreatitis in
3, cholecystitis in 1, myositis (creatine phosphokinase
>1,500 U/L) in 1, rhabdomyolysis (creatine phosphoki-
nase >4,000 U/L) in 2, meningitis in 2, sepsis with acute
kidney injury in 1, and septic shock in 4. In 1 patient,
pneumonia and septic shock occurred together. There
were no deaths.

Laboratory findings consistent with murine typhus in-
cluded leukocytes <6,000 cellssfmm? in 21 (23%) patients,
platelets <120,000/mm? in 49 (54%), aspartate aminotrans-
ferase >50 IU/L in 76 (84%), alanine aminotransferase >50
IU/L in 67 (74%), and serum sodium <133 mmol/L in 40
(44%). In no case was the leukocyte count as low as 3,000
cells/mmé®. Serum albumin was <3.5 g/dL in 73 (81%) of
90 cases, and serum procalcitonin was >0.5 ng/mL in 10
(71%) of 14 cases, both findings consistent with bacterial
sepsis. Newly recognized complications of murine typhus
in this case series included pancreatitis, myositis, and rhab-
domyolysis. Thirteen patients (14%) required care in the
intensive care unit.

We found notable differences between adult and pedi-
atric patients (Table 1) in the frequency of diarrhea, platelet
count <120,000/mm?3, serum sodium <133 mmol/L, and as-
partate aminotransferase and alanine aminotransferase >50
IU/L, all of which were more common in adults. Complica-
tions occurred in 18 (33%) of 54 adults and 7 (19%) of 36
children (p = 0.15).

The median duration from onset of illness to hospital-
ization was 7 days (range 1-21 days). Many patients saw
a physician before coming to the hospital. We determined
that the median time between the initial clinical encounter
and institution of effective antimicrobial drug therapy was
5 days (range 0-15 days). A wide array of antimicrobial
drugs was prescribed. Eight patients never received an an-
timicrobial drug appropriate to treat murine typhus, but the
disease resolved spontaneously.
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Table 1. Characteristics of 90 patients with murine typhus, Hidalgo County, Texas, USA, July 1, 2013—June 30, 2016*

No. (%) patients

Characteristic Age 218y Age <18y Total p value
Symptoms
Subjective fever/chills 53/54 (98) 36/36 (100) 89/90 (99) 1
Malaise 21/24 (88) 15/20 (75) 36/44 (82) 0.44
Headache 37146 (80) 23/32 (72) 60/78 (77) 0.38
Fatigue 22/29 (76) 10/17 (59) 32/46 (70) 0.22
Myalgias 29/39 (74) 13/23 (57) 42/62 (68) 0.15
Nausea and/or vomiting 31/52 (60) 21/35 (60) 52/87 (60) 0.97
Cough 21/52 (40) 18/36 (50) 39/88 (44) 0.37
Abdominal pain 17/47(36) 10/33 (30) 27/80 (34) 0.58
Arthralgia 9/34 (26) 4/24 (17) 13/58 (22) 0.53
Diarrhea 9/50 (18) 1/35 (3) 10/85 (12) 0.04
Confusion 6/42 (14) 2/30 (7) 8/72 (11) 0.45
Signs
Temperature 2100.4°F 48/54 (89) 34/36 (94) 82/90 (91) 0.47
Rash 16/51 (31) 18/36 (50) 34/87 (39) 0.12
Enlarged liver 1/44 (2) 1/32 (3) 2/76 (3) 1
Enlarged spleen 0/44 (0) 1/32 (3) 1/76 (1) 0.42
Laboratory findings
Leukocytes <6,000 cells/mm?® 10/54 (19) 11/36 (31) 21/90 (23) 0.19
Leukocytes <3,000 cells/mm? 0 0 0 1
Platelets <120,000/mm? 37/54 (69) 12/36 (33) 49/90 (54) <0.01
Bilirubin 21.5 mg/dL 14/54 (26) 3/36 (8) 17/90 (19) 0.05
AST >50 IU/L 51/54 (94) 25/36 (69) 76/90 (84) <0.01
ALT >50 IU/L 45/54 (83) 22/36 (61) 67/90 (74) 0.02
Serum sodium £133 mmol/L 34/54 (63) 6/36 (17) 40/90 (44) <0.01
Serum albumin <3.5 g/dL 46/54 (85) 27136 (75) 73/90 (81) 0.23
Serum procalcitonin >0.5 ng/mL 9/13 (69) 1/1 (100) 10/14 (71) 1
IgM 21:128 50/54 (93) 36/36 (100) 86/90 (96) 0.15
1gG 21:128 41/54 (76) 22/36 (61) 63/90 (70) 0.13
Complications 18/54 (33) 7/36 (19) 25/90 (28) 0.15

*ALT, alanine aminotransferase; AST, aspartate aminotransferase.

Discussion

Murine typhus causes a syndrome characterized by nonspe-
cific manifestations, including fever, headache, myalgias,
malaise, nausea, and vomiting in more than half of cases.
This syndrome has previously been described through-
out the world, including the southwestern United States
(1,4,5,11-13) and California (2,14), as well as Europe
(3,15-17).

Twenty-three of the 90 patients in this study were first
seen in a primary care physician’s office. Diagnoses made
at the time of that initial encounter, whether in children
or adults, included viral syndrome, influenza, and strepto-
coccal pharyngitis; murine typhus was not considered in
any of them. Once patients were hospitalized, this nonspe-
cific clinical syndrome, together with characteristic labo-
ratory abnormalities (low leukocyte and platelet counts
and elevated levels of liver enzymes) and knowledge of
the occurrence of murine typhus in this area, enabled the
correct diagnosis to be considered. Serum samples were
submitted for supportive laboratory testing, and appropri-
ate therapy was instituted promptly, in most cases before
results of serologic tests were known. It is still worth not-
ing that, for 8 patients, the diagnosis of murine typhus was
never made during their illness, but only when serologic
results were returned. Iliness resolved spontaneously in
these 8 patients.
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Serum procalcitonin, not previously reported in murine
typhus, was elevated in 10 (71.4%) of the 14 cases in which
it was studied; this test might help distinguish murine typhus
from a viral syndrome in an endemic area. The low serum
albumin is also consistent with bacterial sepsis (18).

Although the usual symptoms were those of a non-
specific illness suggestive of influenza, another viral syn-
drome, or streptococcal pharyngitis, many of our patients
were, at some point, quite ill. Thirteen (14%) of 90 were
hospitalized in an intensive care unit. Six met criteria for
sepsis; serum albumin fell to <3.5 g/dL, consistent with
serious bacterial infection, in 73 (81%) of the 90 patients.
Complications of murine typhus, defined as symptoms,
signs, or both beyond nonspecific ones, were seen in 25
(28%) patients and appeared more frequently in adults
than in children (Table 2). The most common complica-
tions were pulmonary complications, such as bronchiolitis
and pneumonia; aseptic meningitis; and sepsis with shock.
These complications have been described previously, either
in case reports or in case series (1,2,12,16,17,19). Only 2
previous studies have specifically tabulated complications
(3,20), with the frequency of complications in 1 prospec-
tive series being similar to that in this study (20).

No previous investigation has reported on serum pro-
calcitonin, which was elevated in 10 (71.4%) of 14 patients
in the study in which it was measured. Newly described
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Table 2. Complications in 90 patients with murine typhus,
Hidalgo County, Texas, USA, July 1, 2013—June 30, 2016

Age 218y, Age <18y, Total,
Complication n=54 n=236 n =90
Bronchiolitis 0 2 2
Pneumonia 7 1 8
Pancreatitis 3 0 3
Cholecystitis 0 1 1
Myositis 0 1 1
Rhabdomyolysis 0 2 2
Meningitis 2 0 2
Septic shock 4 0 4
Sepsis with acute 1 0 1

kidney injury

Pneumonia plus septic shock 1 0 1
Total 18 7 25

complications in this series included pancreatitis, myosi-
tis, and rhabdomyolysis. Unusual cutaneous manifestations
(21), iritis (20), lymphadenopathy (20), splenic rupture
(22,23), disseminated intravascular coagulation (3,12),
cholecystitis (24), and endocarditis (25,26) have previously
been reported; except for 1 patient with cholecystitis, we
had no examples of these other unusual complications in
our series.

Earlier series of cases have not compared findings
in adults and children. Differences between children and
adults in this study included greater frequency of rash in
children, whereas statistically significant differences were
greater incidence of diarrhea, thrombocytopenia, hypona-
tremia, and elevated hepatic aminotransferases in adults.
Complicated illness was more common in older than in
younger subjects, as has been suggested in separate reports
from a group of investigators in Greece (16,17).

Murine typhus has been increasingly recognized in
Texas (8). Two counties in Texas have reported >50 cases
of murine typhus per year (1,11), and in 1 of these, a high
prevalence of antibodies to R. typhi has been described in
healthy children (13). To our knowledge, such a study has
not been reported in adults in southern Texas, the area of
greatest endemicity in the United States. Our finding of
90 recognized cases of murine typhus in 2 hospitals in a
3-year period attests to the frequency of murine typhus in
the southwestern United States.

Rats and opossums that coexist in urban and suburban
settings appear to be reservoirs for the organism. The vec-
tor has traditionally been thought to be Xenopsylla cheopis,
the rat flea (6). However, recent studies (27,28) have shown
that the cat flea, Ctenocephalides felis, which also infests
opossums, plays a role in transmission. Blanton et al. (27)
found rickettsial DNA in pools of fleas obtained from opos-
sums in Galveston, Texas, and documented the emergence
of antibodies to Rickettsia sp. in these animals. A major
outbreak of murine typhus in Austin, Texas, was traced to
contact with opossums (11). Because R. felis may also be
present in fleas living on these same reservoirs (29,30) and
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the clinical spectrum of infection due to this organism re-
mains undefined, it is possible that some cases attributed
to R. typhi and identified as murine typhus may actually be
due to R. felis.

The natural habitat of the American opossum includes
northeastern and northwestern states, suggesting the pos-
sibility that murine typhus may not be confined to areas
that are currently recognized as endemic, such as southern
Texas or California. In Virginia and the Carolinas, illnesses
of patients with fever, rash, and nonspecific symptoms are
regularly diagnosed as Rocky Mountain spotted fever and
treated with doxycycline; however, it is possible that some
of these infections may be due to R. typhi. PCR (24,31,32)
can distinguish among these organisms, but it is not readily
available and has uncertain clinical value. R. felis may also
cause human infection and requires PCR to distinguish it
from R. typhi (29,30,33). In fact, as suggested by Ereme-
eva et al. (29), murine typhus as we now know it may be
a single clinical syndrome that can be caused by either R.
typhi or R. felis.

The principal limitation of our study is that diagnoses
were suspected clinically but were supported by detection
of serum antibodies reactive with typhus group rickettsial
antigen. Cross-reacting IgM may also appear after infec-
tion with other organisms in the typhus group (R. prowa-
zecki) and the spotted fever group (R. rickettsii, the cause
of Rocky Mountain spotted fever), as well as R. felis; we
cannot exclude the possibility that some of our cases may
have been caused by these organisms. Other cases of R.
typhi infection may have been missed because physicians
suspected the disease very early and instituted treatment
with doxycycline. The principal strengths of this study are
that the medical records were reviewed in every case by
the principal investigator and that many of the patients had
been seen by an infectious disease consultant who con-
curred with the final diagnosis, usually before serologic
results were available.

In conclusion, murine typhus is a multifaceted dis-
ease that is common in southern Texas and California
and that might be identified more frequently in other ar-
eas of the United States if the diagnosis were sought. A
major description of this disease, especially with newly
proposed case definitions, has not appeared in an Ameri-
can journal for 15 years; pediatric and adult cases have
not been compared, and the range of complications in the
United States has not been described recently. The popu-
lation of the American opossum has increased in north-
ern states. In Texas and California, their fleas are known
to carry R. typhi (27,34) but, to our knowledge, a search
for Rickettsia spp. in opossums has not been conducted in
other parts of the United States. We suggest that, in cases
of acute febrile conditions, the diagnosis of murine typhus
needs to be considered elsewhere in the southern United
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States and, perhaps, farther north as well. Because of the
high prevalence of murine typhus in areas of recognized
endemicity, medical centers might consider on-site test-
ing for antibodies to typhus group rickettsiae to support a
clinical decision and early treatment. A reactive serology
might then trigger a reflex request to obtain convalescent
titers to provide confirmatory data.

Dr. Afzal is a third-year family medicine resident and serves as
assistant chief resident at the McAllen family medicine residency
program, University of Texas Rio Grande Valley, McAllen,
Texas. He is interested in clinical research and rural health.

Dr. Musher is a distinguished service professor of medicine and
professor of molecular virology and microbiology at Baylor
College of Medicine in Houston, Texas.
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High Infection Rates for
Adult Macaques after Intravaginal
or Intrarectal Inoculation
with Zika Virus

Andrew D. Haddow, Aysegul Nalca, Franco D. Rossi, Lynn J. Miller, Michael R. Wiley,
Unai Perez-Sautu, Samuel C. Washington, Sarah L. Norris, Suzanne E. Wollen-Roberts,
Joshua D. Shamblin, Adrienne E. Kimmel, Holly A. Bloomfield, Stephanie M. Valdez,
Thomas R. Sprague, Lucia M. Principe, Stephanie A. Bellanca, Stephanie S. Cinkovich,
Luis Lugo-Roman, Lisa H. Cazares, William D. Pratt, Gustavo F. Palacios,

Sina Bavari, M. Louise Pitt, Farooq Nasar

Unprotected sexual intercourse between persons residing
in or traveling from regions with Zika virus transmission is
a risk factor for infection. To model risk for infection after
sexual intercourse, we inoculated rhesus and cynomol-
gus macaques with Zika virus by intravaginal or intrarectal
routes. In macaques inoculated intravaginally, we detected
viremia and virus RNA in 50% of macaques, followed by
seroconversion. In macaques inoculated intrarectally, we
detected viremia, virus RNA, or both, in 100% of both spe-
cies, followed by seroconversion. The magnitude and du-
ration of infectious virus in the blood of macaques suggest
humans infected with Zika virus through sexual transmis-
sion will likely generate viremias sufficient to infect compe-
tent mosquito vectors. Our results indicate that transmis-
sion of Zika virus by sexual intercourse might serve as a
virus maintenance mechanism in the absence of mosquito-
to-human transmission and could increase the probability
of establishment and spread of Zika virus in regions where
this virus is not present.

ika virus is a member of the Spondweni serogroup,

family Flaviviridae, genus Flavivirus (1,2). Since the
initial isolation of the virus in 1947 (3), intermittent reports
of Zika virus infection have been described throughout
sub-Saharan Africa and Southeast Asia (4). Recently Zika
virus extended its geographic distribution into virus-naive
regions, resulting in large outbreaks in tropical regions (5—
7). Most Zika virus infections are asymptomatic, and infec-
tions that are symptomatic typically cause a mild febrile ill-
ness (2,5-7). However, severe clinical outcomes, including
congenital birth defects and Guillian-Barré syndrome, have
been reported in a subset of infections (2,5-8).
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Although the primary mechanism of Zika virus
transmission is through the bite of an infective mosquito
(3,9,10), sexual transmission involving virus strains origi-
nating from African and Asian Zika virus phylogenetic lin-
eages has been reported (11-18). This route of transmission
has been identified in nontraveling sexual partners of men
who were infected with Zika virus during travel to virus-
endemic regions (11-15,17-19).

Recent evidence suggests that sexual transmission of
Zika virus is responsible for a substantial number of in-
fections (17-19) and could be a virus maintenance mecha-
nism in the absence of mosquito-to-human transmission, as
well as a mechanism by which Zika virus is introduced to
virus-naive regions. Viral persistence studies have demon-
strated isolation of infectious Zika virus from ejaculate of
a vasectomized patient 69 days postillness (20), detected
Zika virus RNA in spermatozoa of another patient 56 days
postillness (21), and detected Zika virus in semen speci-
mens for >6 months after illness (22,23).

Although the titer of infectious Zika virus in semen is
unknown, RNA levels of up to 7.5-8.6 log,, copies/mL have
been reported (13,21,24,25). These data suggest that male-
to-female vaginal, male-to-female anal, and male-to-male
anal transmission might occur more often than previously
recognized and that persons might be exposed to a higher
dose of Zika virus from sexual intercourse with an infectious
man than through the bite of an infective mosquito (26,27).

To model risk of Zika virus infection after sexual in-
tercourse, we nontraumatically administered 7.0 log, , PFU
(8.7 log,, copies) of the ArD 41525 Zika virus isolate into
the vaginal canal or rectum of 16 adult rhesus or cynomol-
gus macaques and monitored them for evidence of infec-
tion through 28 days postinoculation (DPI). This dose was
selected to correspond to high Zika virus RNA load(s) re-
ported in human semen (13,21,24,25).
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Materials and Methods

Study Design and Data Analyses

This pilot study was designed to determine if nonhuman pri-
mates (NHPs) are susceptible to Zika virus infection by the
intravaginal and intrarectal routes. We based sample size
estimates for the 2 study groups (rhesus and cynomolgus
macaques) on historic reports of experimental infections
of Zika virus involving NHPs (3,10,28,29). Power analysis
with a type | error rate set to 0.05 indicated that a group size
of 4 animals had an 80% probability to detect Zika virus
infection after intravaginal or intrarectal inoculation with
the virus. This study was not designed to have the statisti-
cal power to perform analyses of chemical, hematologic, or
temperature data. Investigators were not blinded during the
course of the study.

Nonhuman Primates

Research was conducted under an Institutional Animal
Care and Use Committee—approved protocol at the United
States Army Medical Research Institute for Infectious Dis-
eases (Frederick, MD, USA). This protocol complied with
the Animal Welfare Act, Public Health Service Policy, and
other federal statutes and regulations relating to animals
and experiments involving animals. The Institute is accred-
ited by the Association for Assessment and Accreditation
of Laboratory Animal Care International and adheres to
principles stated in the 2011 Guide for the Care and Use
of Laboratory Animals, National Research Council (https://
grants.nih.gov/grants/olaw/guide-for-the-care-and-use-of-
laboratory-animals.pdf).

Four female rhesus macaques from China (R1, R2, R3,
and R4) and 4 female cynomolgus macaques from Cam-
bodia (C1, C2, C3, and C4), age range 8.5-9.3 years, were
individually housed during the intravaginal inoculation
experiment. For the intrarectal inoculation experiment, an
additional 4 rhesus macaques from China (RS, male; R6,
female; R7, male; and R8, female); and 4 cynomolgus ma-
caques from Cambodia (C5, female; C6, female; C7, male;
and C8, male), age range 8.2-11.4 years, were individually
housed. All macaques were prescreened and determined to
be negative for Zika virus, herpes B virus, simian T-lym-
photropic virus 1, simian immunodeficiency virus, simian
retrovirus 1/2/3 antibodies, tuberculosis, Salmonella spp.,
Campylobacter spp., hypermucoviscous Klebsiella spp.,
and Shigella spp.

Virus Isolate

The ArD 41525 Zika virus isolate used in this study was
made from a pool of Aedes africanus mosquitoes collected
in eastern Senegal in 1984 (passage history: AP61 cells 1,
C6/36 cells 1, Vero cells 3) and has been sequenced (Gen-
Bank accession no. KU955591). We selected the ArD
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41525 isolate because of its low passage history and the an-
cestral nature of the African phylogenetic lineage (4,30). In
addition, genetic analyses of the open reading frame (ORF)
of the ArD 41525 isolate from Senegal and the PRVABC59
isolate from Puerto Rico showed 88.2% nt identity and
97.3% aa identity (F. Nasar, unpub. data). Although Zika
virus sequences are composed of >2 phylogenetic lineages
(African and Asian), these lineages constitute a single virus
serotype (1,4,31-33). Furthermore, male-to-female sexual
transmission of Zika virus has involved virus strains origi-
nating from both Zika virus phylogenetic lineages (11-18).
Before initiation of this study, virus challenge stocks were
confirmed to be free of mycoplasma and passage-associat-
ed mutations (4).

Intravaginal Virus Inoculation

For intravaginal inoculation, anesthetized macaques
were placed in dorsal recumbency with their hips el-
evated above their torso at a 30° angle, and a 3-5-cm
lubricated, size 7FR, infant feeding tube (Mallinckrodt
Pharmaceuticals, St. Louis, MO, USA) was inserted into
the vaginal opening. A 3-mL syringe containing 7.0 log,,
PFU (8.7 log,, copies) of cell-free Zika virus suspended
in 2 mL of phosphate-buffered saline (PBS) was con-
nected to the end of the infant feeding tube and slowly
administered (34). A 500-puL flush of 0.9% NaCl (Bec-
ton Dickinson, Franklin Lakes, NJ, USA) was then used
to insure that all Zika virus inoculum was administered.
Macaques stayed in dorsal recumbency with hip eleva-
tion for >20 min: R1, 26 min; R2, 23 min; R3, 21 min;
R4, 20 min; C1, 21 min; C2, 30 min; C3, 28 min; and
C4, 24 min.

Intrarectal Virus Inoculation

For intrarectal inoculation, anesthetized macaques were
placed in an inverted Trendelenburg position (25°-30°
down angle), and a 3—5-cm lubricated, size 7FR, infant
feeding tube was inserted into the rectum. A 10-mL 0.9%
NaCl flush was slowly administered to soften impacted
fecal material lining the rectum. After the flush, 7.0 log,,
PFU (8.7 log,, copies) of cell-free Zika virus suspended in
3 mL of PBS was slowly administered (34), followed by a
500-uL flush of 0.9% NaCl to ensure that all Zika virus in-
oculum was administered. Macaques stayed in an inverted
Trendelenburg position for >15 min: R5, 15 min; R6, 15
min; R7, 23 min; R8, 17 min; C5, 20 min; C6, 21 min; C7,
20 min; and C8, 20 min.

Observations and Blood Collections

After exposure to virus, we evaluated macaques daily
for signs of illness. The following clinical observations
were made daily: presence or absence of rash, appear-
ance of joints, ocular evaluation, presence or absence of
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blood and source, motor function, presence or absence
of cough, urine output, condition of stool, and food con-
sumption. Blood collections and physical examinations,
including weight and rectal temperature, were conducted
under anesthesia at -7, 1-7, 9, 12, 15, 21, and 28 DPI.
Physical examinations included presence or absence of
rash, capillary refill time, dehydration skin test time,
joint evaluation, ocular evaluation, oral evaluation,
presence or absence of blood and source, severity of
bleeding if present, presence or absence of exudate and
source, severity of exudate if present, presence or ab-
sence of lymphadenopathy, and lymph node size. Men-
struation patterns were not recorded before inoculation.
Menstruation was noted during the daily observations
(0-28 DPI), but may have occurred on additional days
(e.g., light or transient events).

Chemical and Hematologic Analysis of Serum

We used comprehensive metabolic panels to test serum
samples collected in 2.5-mL Z Serum Separator Clot Acti-
vator VACUETTE Tubes (Greiner Bio-One, Monroe, NC,
USA) by using a Piccolo Xpress Chemistry Analyzer and
Piccolo General Chemistry 13 Panel (Abbott Point of Care,
Princeton, NJ, USA). Complete blood counts were per-
formed on whole blood collected in 1.2-mL S-Monovette
K3 EDTA Tubes (Sarstedt, Numbrecht, Germany) by using
a CELL-DYN 3700 system (Abbott Point of Care).

Telemetry Devices and Monitoring

Before the study, macaques were surgically implanted with
T27F-1B radio telemetry devices (Konigsberg Instruments,
Pasadena, CA, USA; the telemetry unit in macaque C4
failed). The Notocord-hem Evolution Software Platform
version 4.3.0.47 (Notocord Inc., Newark, NJ, USA) was
used to capture and analyze data. Temperature data points
were averaged and statistically filtered to remove noise and
signal artifacts to generate a single data point every 30 s.

Quantification of Infectious Virus

We performed virus titration on confluent Vero cell
(CCL-81; American Type Culture Collection, Manas-
sas, VA, USA) monolayers in 6-well plates by plaque
assay. Duplicate wells were infected with 0.1-mL ali-
quots of serial 10-fold diluted virus in growth medium
composed of Dulbecco’s modified Eagle medium (Corn-
ing Life Sciences, Tewksbury, MA, USA), supplement-
ed with 50 ug/mL gentamicin (GIBCO, Carlsbad, CA,
USA), 1.0 mmol/L sodium pyruvate, 1% vol/vol non-
essential amino acids (Sigma Aldrich, St. Louis, MO,
USA), and 0.4 mL of growth medium. Virus was ab-
sorbed for 1 h at 37°C and was then removed before
overlaying the cell monolayers with 3 mL of 1% wt/
vol Sea-Plaque agarose (Cambrex Bio Science, East
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Rutherford, NJ, USA) in growth medium. Cells were in-
cubated at 37°C in an atmosphere of 5% CO, for 4-5 days
and then fixed with 4% formaldehyde (Fisher Scientific,
Waltham, MA, USA) in PBS for 24 h. After removal of
the overlay, cell monolayers were stained with 2% crys-
tal violet (Sigma Aldrich) in 70% methanol (Sigma Al-
drich) for 5-10 min at ambient temperature, and excess
stain was removed with running water. Plaques were
counted, and results were reported as number of PFU/
mL. The lower limit of detection was 1.0 log,, PFU/mL.

Extraction and Quantification of Virus RNA

To extract RNA, a serum sample (50 pL) was added to
200 uL of diethylpyrocarbonate-treated water (Ambion,
Carlsbad, CA, USA), which was then added to 750 uL of
TRIzol LS Reagent (Ambion). Samples were incubated for
20 min at ambient temperature. After incubation, 200 pL of
chloroform (Sigma Aldrich) was added, mixed thoroughly,
and incubated for 10 min at ambient temperature. After in-
cubation, samples were centrifuged at 12,000 x g for 15
min at 4°C. A total of 400 uL of the aqueous phase was
collected, and the RNA was precipitated by adding 1 pL
of GlycoBlue (15 ug/uL) (Ambion) and 400 uL of isopro-
panol (Sigma Aldrich). Samples were incubated at ambient
temperature for 10 min and centrifuged at 12,000 x g for 10
min at 4°C. The resulting pellet was then washed in 1 mL
of 75% ethanol (Sigma Aldrich) and centrifuged at 12,000
x g for 5 min at 4°C, after which the pellet was air-dried for
10 min at ambient temperature and resuspended in 50 pL of
diethylpyrocarbonate-treated water. Virus RNA was quan-
tified by using a CFX96 Touch Real-Time PCR Detection
System (Bio-Rad Laboratories, Hercules, CA, USA) and
primers and a probe specific for the envelope gene (bases
1188-1316) (35). A standard curve was generated against
a synthetic oligonucleotide, and genome copies were ex-
pressed as copies per milliliter. The lower limit of detection
was 3.0 log,  copies/mL.

Serologic Analysis

We performed plaque reduction neutralization tests
(PRNTS), considered the standard for clinical diagnosis
of past infection, to determine preexposure and postex-
posure immune responses (36,37). Serum samples were
heat-inactivated at 56°C for 30 min. Samples were seri-
ally diluted 2-fold in PBS, mixed with an equal volume
of 3.3 log,, PFU/mL of Zika virus, and incubated for 1
h at 37°C in an atmosphere of 5% CO,. Confluent Vero
cell monolayers in 6-well plates were inoculated with 100
pL of serum/virus mixture in triplicate. Plates were in-
cubated for 5 days at 37°C in an atmosphere of 5% CO,,
fixed, and stained with crystal violet as described above.
PRNT, titers were calculated and expressed as the recip-
rocal of serum dilution yielding a >80% reduction in the
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number of plaques. Preexposure serum samples collected
from rhesus macaques at —28 DPI and from cynomolgus
macaques at —20 DPI showed no neutralization activity
for Zika virus, indicating that these animals were not pre-
viously exposed to the virus. Postexposure serum samples
were screened on 7, 15, 21 and 28 DPI.

Results

Intravaginally Inoculated Macaque Viremias

and Antibody Responses

After intravaginal inoculation of Zika virus, 50% (2/4) of
rhesus macaques and 50% (2/4) cynomolgus macaques had
detectable viremias; mean peak titers were 3.8 log,, PFU/
mL (7.2 log,, copies/mL) for rhesus macaques and 3.5 log, |
PFU/mL (6.8 log,, copies/mL) for cynomolgus macaques
(Figure 1). We detected viremia at 4-6 DPI (mean dura-
tion 3.0 d) for rhesus macaques and 3-7 DPI (mean dura-
tion 4.0 d) for cynomolgus macaques and virus RNA in
serum at 3—7 DPI for rhesus macaques and 3-9 DPI for
cynomolgus macaques. By 15 DPI, only those rhesus and
cynomolgus macaques that showed viremia or virus RNA
in serum seroconverted (R1, R4, C3, and C4), as shown by
PRNT,, titers ranging from 1:640 to 1:1,280 (Table 1). We
observed no virus neutralization for macaques R2, R3, C1,
and C2 (Table 1). Menstruation was observed in all female
macaques during the course of the study, but menstruation
was not observed in any of the female macaques at the time
of virus inoculation.
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Intrarectally Inoculated Macaque Viremias

and Antibody Responses

After intrarectal inoculation of Zika virus, 75% (3/4) of
rhesus macaques and 100% (4/4) of cynomolgus macaques
had detectable viremias; mean peak titers were 4.8 log,
PFU/mL (8.0 log,, copies/mL) for rhesus macaques and
4.8 log,, PFU/mL (8.6 log,, copies/mL) for cynomolgus
macaques (Figure 2). Although we did not detect viremia
in 1 rhesus macaque (R6), we detected virus RNA in se-
rum samples from this macaque at 6 DPI (5.2 log,, cop-
ies/mL) and 7 DPI (6.1 log, , copies/mL). Two cynomolgus
macaques (C5, C8) had viremia levels >5.0 log,, PFU/mL
for 2 days. We detected viremia at 3—7 DPI (mean duration
3.0 d) for rhesus macaques and at 2-6 DPI (mean dura-
tion 2.8 d) for cynomolgus macaques and virus RNA in
serum at 2—7 DPI for rhesus macaques and 1-12 DPI for
cynomolgus macaques. By 15 DPI, all rhesus and cyno-
molgus macaques had seroconverted (R5, R6, R7, R8, C5,
C6, C7, CB), as shown by PRNT, titers ranging from 1:320
to 1:1,280 (Table 2).

Clinical Signs and Laboratory Results

We observed no overt clinical signs, including pyrexia,
joint swelling, weight loss, or decreased appetite, for any
of the infected macaques. The telemetry unit in macaque
C6 failed during the study. Therefore, we also used rectal
temperatures to determine the absence of pyrexia (online
Technical Appendix Figure 1, https://wwwnc.cdc.gov/
EID/article/23/8/17-0034-Techappl.pdf). No macaque

Figure 1. Viremia and virus RNA
detected in serum of rhesus and
cynomolgus macaques after
intravaginal inoculation with

Zika virus. A) Rhesus macaques
(animals R2 and R3 showed
negative results); B) cynomolgus
macagues (animals C1 and C2
showed negative results). Solid
lines indicate virus titers in log,
PFU/mL. Dotted lines indicate
genome copies in log, , copies/
mL. The lower limit of detection
was 1.0 log,, PFU/mL for virus
titers and 3.0 log,, copies/mL for
genome copies. C, cynomolgus;
DPI, days postinoculation;

R, rhesus.
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Table 1. Serologic responses of 8 female rhesus and
cynomolgus macaques after intravaginal inoculation of Zika
virus*

Serologic response, PRNTgo, by DPI

Macaque 7 15 21 28
Rhesus 1 - 1:640 1:640 1:640
Rhesus 2 - - - -
Rhesus 3 - - - -
Rhesus 4 - 1:640 1:640 1:640
Cynomolgus 1 - - - -
Cynomolgus 2 - - - -
Cynomolgus 3 - 1:640 1:640 1:640
Cynomolgus 4 - 1:1,280 1:1,280 1:1,280

*Values are titers. Limit of detection was a titer of 1:20. DPI, day
postinoculation; PRNTso, 80% plaque reduction neutralization test; —, no
detectable serologic response.

showed an increase in temperature >1.5°C from its mean
rectal temperature (from readings taken at —7 and 0 DPI).
Any deviations in temperature obtained by telemetry units
were directly correlated with the anesthesia times or the
presence of personnel in the macaque room making daily
observations (e.g., physical examinations and room en-
try times were noted). Weights of all macaques remained
relatively stable throughout the study, and no macaque
showed marked weight loss (online Technical Appendix
Figure 2).

Potential marked increases or decreases in clinical
laboratory values lasting >1 day in infected macaques were
those for glucose (R1, R4, R6); blood urea nitrogen (R4,
R8, C5, C6, C8); total protein (R7); alanine aminotrans-
ferase (R6, C3, C4, C5, C6, C7, C8); aspartate aminotrans-
ferase (R4, R6, C3, C4, C5, C7, C8); alkaline phosphatase
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(C6); total bilirubin (RS8); y-glutamyl transferase (C8);
amylase (R1, R4, C3); leukocytes (RS5); erythrocytes (C3,
C4, C6); platelets (R1, R6, R7, R8); neutrophils (R1, R4,
R6); lymphocytes (R1, R4, R6); monocytes (R1, R4, RS,
R8, C3, C4, C5, C6); basophils (R1, R4, R6); and eosin-
ophils (R1, RS, R8, C3, C4) (online Technical Appendix
Figures 3, 4). Macaques observed to menstruate during the
study were R1 (days 4-6); R2 (days 1, 2); R3 (day 2); R4
(day 9); C1 (days 8-10); C2 (day 15); C3 (days 14, 15);
and C4 (day 7).

Discussion

Sexual transmission of Zika virus is underestimated, and its
detection is confounded in regions with active mosquito-
to-human virus transmission (17-19). In an effort to gauge
the likelihood of infection after exposure by vaginal or anal
intercourse, we inoculated the vaginal canal or rectum of
rhesus and cynomolgus macaques with Zika virus. Intra-
vaginal and intrarectal exposure resulted in infection in the
absence of clinical disease, followed by seroconversion,
in both species. The magnitude and duration of detectable
viremia after intravaginal and intrarectal inoculation indi-
cates that NHPs, as well as humans, could infect primary
mosquito vector species.

Although the infectious dose required for primary ur-
ban and sylvatic mosquito Zika virus vectors to become in-
fected and transmit infectious virus remains unknown, other
flavivirus—vector host systems have demonstrated mos-
quito transmission after low-dose experimental exposure

Figure 2. Viremia and virus RNA
detected in serum of rhesus and
cynomolgus macaques after
intrarectal inoculation of Zika
virus. A) Rhesus macaques
(animal R6 showed negative
results); B) cynomolgus
macaques. Solid lines indicate
virus titers in log,, PFU/mL.
Dotted lines indicate genome
copies in log,, copies/mL. The
lower limit of detection was 1.0
log,, PFU/mL for virus titers and
3.0 log,, copies/mL for genome
copies. C, cynomolgus; DPI,
days postinoculation;

R, rhesus.
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Table 2. Serologic responses of 8 rhesus and cynomolgus
macaques after intrarectal inoculation of Zika virus*
Serologic response, PRNTg, by DPI

Macaque Sex 7 15 21 28
Rhesus 5 M 1:1,280 1:1,280  1:1,280
Rhesus 6 F - 1:320 1:640 1:1,280
Rhesus 7 M - 1:1,280 1:1,280  1:1,280
Rhesus 8 F - 1:640 1:640 1:640
Cynomolgus 5 F - 1:640 1:640 1:1,280
Cynomolgus 6 F - 1:640 1:640 1:1,280
Cynomolgus 7 M - 1:640 1:1,280 1:1,280
Cynomolgus 8 M — 1:640 1:1280 1:1280

*Values are titers. Limit of detection was a titer of 1:20. DPI, day
postinoculation; PRNTso, 80% plaque reduction neutralization test; —, no
detectable serologic response.

(undetectable to <3.0 log,, PFU/mL) (26,38,39). Therefore,
the magnitude of viremia in some of the infected macaques
was likely 10-100-fold higher than that needed to infect
principal mosquito vectors. Moreover, our results suggest
that sexual transmission might extend the duration of the
current Zika virus epidemic and increase the probability of
introduction and establishment of this virus in virus-naive
regions. Likewise, sexual transmission among NHPs might
be a secondary mechanism by which Zika virus is main-
tained in an enzootic cycle.

Despite the presence of viremia in intravaginally and
intrarectally exposed macaques, overt clinical signs, such
as pyrexia, rash, conjunctivitis, joint swelling, weight loss,
or decreased appetite, that have been reported for some
Zika virus infections in humans, were not observed in our
study. Duration of viremia and clinical signs in NHPs after
Zika virus infection resulting from a mosquito bite or in-
tracranial or subcutaneous inoculation of African or Asian
Zika virus isolates varies (3,10,28,29,40-46). In compari-
son to studies in which Zika virus was subcutaneously
inoculated into NHPs (3,10,28,29,40-42), we observed a
delay in detectable viremia in macaques intravaginally or
intrarectally inoculated with this virus. This delay is prob-
ably the result of the virus having to infect tissues of the
vaginal or rectal mucosa, replicate within these sites, and
then disseminate to initiate a systemic infection. Although
sentinel NHPs or those experimentally infected with Zika
virus show fever or an increased temperature (3,28,42,46)
or decreased appetite and weight loss (40), other experi-
mental NHPs with Zika virus infection showed no overt
clinical illness (3,10,28,29,41), which is consistent with
our study results and findings for most Zika virus infec-
tions in humans (2,5-7).

In our study, the only clinical laboratory values that
showed marked increases or decreases lasting >1 day in
both species of infected macaques were alanine amino-
transferase, amylase, aspartate aminotransferase, blood
urea nitrogen, monocytes, and eosinophils. Analogous
to our observations, recent studies have also reported in-
creased levels of aspartate aminotransferase (40,42,46),
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alanine aminotransferase (40,42,46), and monocytes (42)
in Zika virus—infected macaques. Although increases in
some laboratory values might be the result of repeated daily
anesthesia (47), studies with increased numbers of animals
are needed to resolve which clinical laboratory parameters
are associated with Zika virus infection in NHP models.
Ultimately, further studies are needed to determine whether
differences in the magnitude/duration of viremia and clini-
cal signs are the result of animal genotype, virus isolate
phenotype, inoculum dose, or inoculum route.

Unlike Zika virus, whose primary transmission mech-
anism is by mosquito bite, the primary transmission mecha-
nism of HIV-1 is by sexual intercourse. The efficiency of
HIV-1 transmission by vaginal or anal intercourse depends
on a variety of factors, such as seminal viral load, number
of sex acts, or co-infection (48,49). These factors also like-
ly contribute to transmission of Zika virus. Similar to find-
ings for other sexually transmitted viruses, such as HIV-1
(48), our model had a higher number of transmission events
from intrarectal inoculation than intravaginal inoculation.
Although the per act risk for acquiring HIV-1 infection
by vaginal or anal intercourse is low (0.08%-1.7%) (48),
risk increases proportionally with the cumulative number
of sexual acts (49). This trend might be similar for Zika
virus, for which the cumulative number of sexual acts (e.g.,
repeated low or moderate dose exposures) could increase
risk over time.

Our experiments were conducted in a controlled re-
search setting in which the vagina and rectum of adult
macaques were nontraumatically exposed to Zika vi-
rus. Microtears induced during sexual intercourse could
further enhance susceptibility to Zika virus infection in
human or sylvatic NHP populations. Furthermore, pre-
existing sexually transmitted infections are known risk
factors for increased susceptibility to secondary viral
infections by vaginal or anal intercourse (50). Conse-
quently, sexually transmitted infections might increase
the likelihood of acquiring Zika virus through vaginal or
anal intercourse.

In summary, our results indicate that sexual intercourse
is a mechanism for virus transmission in the absence of
mosquito-to-human transmission (i.e., effective mosquito
control), as well as a mechanism by which Zika virus could
be introduced to virus-naive regions and initiate human-to-
mosquito transmission. Our findings highlight the need for
men living in or traveling from areas to which Zika virus is
endemic or epidemic to avoid unprotected sexual intercourse.
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Lyme Borreliosis in Finland,
1995—-2014

Eeva Sajanti, Mikko Virtanen, Otto Helve, Markku Kuusi, Outi Lyytikdinen, Jukka Hytdnen,! Jussi Sane?!

We investigated the epidemiology of Lyme borreliosis (LB)
in Finland for the period 1995-2014 by using data from 3
different healthcare registers. We reviewed data on dissem-
inated LB cases from the National Infectious Diseases Reg-
ister (21,051 cases) and the National Hospital Discharge
Register (10,402 cases) and data on primary LB (erythema
migrans) cases from the Register for Primary Health Care
Visits (11,793 cases). Incidence of microbiologically con-
firmed disseminated LB cases increased from 7/100,000
population in 1995 to 31/100,000 in 2014. Incidence of
primary LB cases increased from 44/100,000 in 2011 to
61/100,000 in 2014. Overall, cases occurred predominant-
ly in women, and we observed a bimodal age distribution
in all 3 registers. Our results clearly demonstrate that the
geographic distribution of LB has expanded in Finland and
underscore the importance of LB as an increasing public
health concern in Finland and in northern Europe in general.

yme borreliosis (LB) is an infectious disease caused

by the spirochete Borrelia burgdorferi sensu lato and
transmitted by the Ixodes spp. ticks. It is characterized by
multiple signs and symptoms, varying from the early phase
erythema migrans (EM) to neurologic manifestations, ar-
thritis, and acrodermatitis chronica atrophicans and less of-
ten to cardiac conduction disorders (1). In the United States,
~30,000 new LB cases are reported annually to the Centers
for Disease Control and Prevention, although current esti-
mates suggest the total number of cases to be 10-fold higher
(2-4). In Europe, the annual number of LB cases exceeds
85,000, according to estimates by the World Health Orga-
nization (4), and high incidences have been reported from
several countries and regions (5-10). The incidence of LB
has increased over the past decades in several countries in
Europe, the United States, and Canada (4,5,8,11-14). This
change might reflect the increased abundance and expanded
geographic distribution of Ixodes ticks to new habitats (15—
17) but also increased awareness of the infection among
healthcare providers and the general population.

LB is a notifiable infectious disease in only some
countries in Europe, and the reporting practices and sur-
veillance methods and definitions vary widely. Because of
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absent or inadequate national surveillance systems for LB
observations (8), most epidemiologic data are derived from
studies performed on populations with increased risk or in
LB-endemic regions (6,18,19). In Finland, the epidemiol-
ogy of LB was previously investigated in 1988 (20), but
increased abundance and northward distribution of Ixodes
spp. ticks in northern Europe (including Finland) have been
more recently reported (15,21,22).

Finland has well-established health registers in place,
maintained by the National Institute for Health and Welfare
(NIHW), facilitating population-based epidemiologic analy-
ses of infectious diseases. Research results based on the reg-
ister data of Finland are likely to reflect the epidemiologic
situation of LB in northern Europe. In this study, we investi-
gated the incidence and geographic distribution of clinically
diagnosed LB (i.e., erythema migrans [EM]) for the period
2011-2014 and those of microbiologically confirmed LB for
the period 1995-2014, covering the whole of Finland.

Methods

Study Population

In Finland (population 5.5 million), the national healthcare
system is organized into 20 geographically and adminis-
tratively defined hospital districts (HDs) (online Tech-
nical Appendix Figure 1, https://wwwnc.cdc.gov/EID/
article/23/8/16-1273-Techappl.pdf). The autonomous
region of the Aland Islands is considered a 21st HD. The
estimated population in HDs ranges from 28,700 to 1.6 mil-
lion. Sixteen HDs have primary- and secondary-care hospi-
tals, and 5 HDs also provide tertiary-care services.

Data Sources

To analyze the demographic characteristics, seasonality,
and geographic distribution of LB, we reviewed data from
the National Infectious Diseases Register (NIDR), National
Hospital Discharge Register (Hilmo), and the Register for
Primary Health Care Visits (Avohilmo). All 3 registers are
maintained by NIHW.

NIDR for Microbiologically Confirmed LB Cases

Routine surveillance of LB in Finland is laboratory based.
Since 1995, microbiologic laboratories performing LB
diagnostics in Finland notify NIDR electronically of any

1These authors contributed equally to this article.
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positive findings (i.e., serologic or molecular confirma-
tion). Each notification includes the following information:
specimen date, each patient’s unique national identity code,
date of birth, sex, and place of residence. For this study,
we extracted all microbiologically confirmed LB cases
primarily representing disseminated LB infections from
NIDR that were reported during 1995-2014. Multiple no-
tifications for the same LB case received within a 3-month
period were combined as 1 case.

Avohilmo and Hilmo Registers for Outpatient
and Inpatient Healthcare Visits
According to national guidelines in Finland, when a typi-
cal EM is observed after a possible tick exposure, it is di-
agnosed clinically without any laboratory testing by gen-
eral practitioners in the primary healthcare setting. Since
2011, these outpatient healthcare visits from the primary
healthcare units (municipal health centers and health center
wards) have been registered under Avohilmo. These cases
are not reported to NIDR because the laboratory diagnosis
is missing. Notifications in Avohilmo include the patient’s
national identity code, age, sex, place of healthcare ser-
vice, information concerning healthcare admission, inves-
tigations, treatment, and discharge diagnoses according to
the International Classification of Diseases, 10th Revision
(ICD-10). LB cases in Avohilmo were defined as illnesses
diagnosed with the ICD-10 code A69.2 (“Lyme borrelio-
sis”). Only the first discharge of each patient was included
to avoid recurrent visits with the same diagnosis code being
analyzed multiple times in the study. We used Avohilmo
data to estimate the number of clinically diagnosed LB
cases and simultaneously improve the estimate of the total
number of LB cases in Finland during 2011-2014.
Another register, Hilmo, contains nationwide linkable
data on all inpatient hospital discharges during 1996-2014
and is comparable to Avohilmo by the notification infor-
mation; however, LB cases registered under Hilmo for the
most part represent disseminated disease. We used Hilmo
data to determine the proportions of different clinical mani-
festations of disseminated LB cases. We have provided de-
tailed descriptions of LB case definitions, diagnostic prac-
tices, and laboratory methods used in routine diagnostics
(online Technical Appendix Methods).

Statistical Methods

We calculated the crude estimation of the total number and
incidence of LB in Finland by summing clinically diagnosed
(Avohilmo) and microbiologically confirmed cases (NIDR)
together on the basis of 2 assumptions. First, the number of
cases of EM diagnosed clinically in the primary healthcare
setting does not substantially overlap with the microbiologi-
cally confirmed cases representing disseminated LB cases,
as validated by individual-level register-linkage studies
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(J. Sane, unpub. data). Second, on average, 70% of all LB
diagnoses are appropriately coded with the 1CD-10 code
AB9.2 in Avohilmo by the general practitioners (M. Vir-
tanen, unpub. data).

In the time trend analysis by HDs, we considered
microbiologically confirmed LB cases in NIDR and out-
patient LB cases in Avohilmo. We used Poisson regres-
sion for the trend analyses, and statistical significance was
defined as p<0.01. We performed the analyses with Stata
version 14.0 (StataCorp LLP, College Station, TX, USA).
We calculated the average annual incidences of the micro-
biologically confirmed LB cases over 4 different periods:
1995-1999, 2000-2004, 2005-2009, and 2010-2014. We
used data from the National Population Information Sys-
tem as denominators to calculate annual incidence rates
and to calculate age- and sex-specific average annualized
incidence rates.

Results

Demographic Characteristics of LB Case-Patients

We identified a total of 21,051 microbiologically con-
firmed LB cases in NIDR (Figure 1). The number of LB
cases increased ~5-fold, from 345 (7/100,000 population)
in 1995 to 1,679 (31/100,000) in 2014. On average, ~3,000
clinically diagnosed LB cases were identified annually in
Avohilmo, yielding a total of 11,793 cases. The annual
incidence increased from 44/100,000 population in 2011
to 61/100,000 in 2014 (Figure 1). We estimated the total
number of annual LB cases to be 5,011 cases in 2011 (in-
cidence of 93/100,000 population) and 6,440 cases in 2014
(118/100,000 population).

Most (54.0%) microbiologically confirmed cases oc-
curred in women (n = 11,373). We observed a bimodal
age distribution, with high incidence rates occurring in
the age group of 5-9 years in both sexes, after which in-
cidence again increased from the age of 40 years, peak-
ing in the age group of 60-69 years among women and
>70 years in men (Figure 2, panel A). We did not observe
any other significant sex-specific differences in incidences
across age groups.

Out of the clinically diagnosed cases, 59.7% occurred
in women (n = 7,042). Again the age distribution was bi-
modal, but the second peak occurring in the age groups
60-79 years was notably discernible (Figure 2, panel B).
In these age groups, LB incidence was distinctively higher
among women than among men (on average 142/100,000
among women and 111/100,000 among men). Case-pa-
tients were predominantly female across the age groups
except in children 5-14 years of age and persons >80 years
of age.

Regarding hospital discharges, we identified a total of
10,402 cases with an LB diagnosis (56.2% of case-patients
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Figure 1. Number and incidence
of microbiologically confirmed
Lyme borreliosis cases reported
in the National Infectious
Diseases Register during 1995—
2014 and clinically diagnosed
cases reported in the Register for
Primary Health Care Visits during
2011-2014, Finland.

were female); incidence increased from 0.4/100,000 popu-
lation in 1996 to 19/100,000 in 2014. We have provided a
detailed description of characteristics of case-patients and
the different clinical manifestations of disseminated LB
(online Technical Appendix Results).

Geographic Distribution and Time Trend

In most of the HDs (15/21 [71.4%]), incidence of microbio-
logically confirmed LB cases increased significantly over
time (Figure 3). We observed the most notable increas-
ing trend in western, southern, and southeastern Finland.
The highest average annual incidences in the past 5 years
(2010-2014) were reported in southeastern Finland, with
HD-specific rates of 49-57 cases/100,000 population (on-
line Technical Appendix Table 1, Figure 1). The lowest in-
cidences of LB were reported in northern and northeastern
Finland, with 1-4 cases/100,000 population. The Aland
Islands is a hyperendemic region for LB with the aver-
age annual incidence of 1,597/100,000 population during
2010-2014, with an increasing trend (p<0.01). The average
annual incidence of the whole country (average of all HDs)
during 2010-2014 was 30/100,000 population.

We observed the highest average annual incidences of
clinically diagnosed LB during 2011-2014 in eastern and
southeastern Finland, with HD-specific rates of 143-162
cases/100,000 population, and in southwestern Finland
(83/100,000 population). The average annual incidence in
the Aland Islands was 885/100,000 population. The coun-
trywide average annual incidence during 2011-2014 was
54/100,000 population. Even during the period of 4 years,
incidence increased significantly (p<0.05) in 8 HDs, most
notably in eastern and southern Finland (online Technical
Appendix Table 2, Figure 1).

Seasonality

Microbiologically confirmed LB cases were reported
throughout each year, although we observed a pronounced
peak in seasonality in September (14.4% of all LB cases
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during 1995-2014) (Figure 4). More than 50% of LB cases
were reported during August-November. For clinically di-
agnosed LB cases, seasonality was even more pronounced,
and only a few cases were reported during the wintertime
in Finland (November—April). Most cases (~75%) occurred
during June-September, with the peak in July (22.1% of all
LB cases) and August (21.0%). Year-to-year variation in
seasonality was minor among microbiologically confirmed
and clinically diagnosed cases (data not shown).

Discussion

By using 3 nationwide registers, we examined the chang-
es in the incidence and geographic distribution of LB in
Finland during a =20-year period. Our data allowed us to
analyze the incidence of microbiologically confirmed dis-
seminated LB cases and clinically diagnosed LB infections
(reflecting EM). The incidence of LB in Finland increased
significantly from 1995 to 2014, reflecting the epidemiolog-
ic situation of LB in northern Europe. As of 2014, ~1,700
microbiologically confirmed LB cases are diagnosed year-
ly, compared with a few hundred cases just 15-20 years
ago. When clinically diagnosed EM cases are also consid-
ered, the crude estimate of the total LB incidence reached
120/100,000 population in 2014. In 2015, after our study
period, =1,900 microbiologically confirmed LB cases and
3,514 clinically diagnosed cases were recorded, further
confirming the increasing trend (https://sampo.thl.fi/pivot/
prod/fi/ttr/shp/fact_shp?row=area-12260&column=time-
12059 &filter=reportgroup-12465).

The increasing trend in LB incidence has been report-
ed in several countries in Europe, various US states, and
Canada in the past decade (4). Multiple studies suggest that
milder winter temperatures, humid summers, and extended
spring and autumn seasons attributable to climate change
might enable the tick vectors to spread to higher altitudes
and latitudes and thereby increase the risk for tickborne in-
fections in northern Europe, including Finland (5,16,17).
As a part of our study, a questionnaire concerning the
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Figure 2. Incidence rates of
microbiologically confirmed
Lyme borreliosis cases reported
in the National Infectious
Diseases Register during
1995-2014 (A) and clinically
diagnosed cases reported in
the Register for Primary Health
Care Visits during 2011-2014
(B), by age and sex of case-
patients, Finland.

current and previous laboratory methodology was sent to
all 8 microbiological laboratories performing LB diagnos-
tics in Finland to assess whether changes in the diagnostic
methods could explain the increased incidence of micro-
biologically confirmed LB cases. The results indicated that
no such changes can be identified. If anything, the methods
have become more specific through the adoption of a 2-tier
approach to Borrelia serologic testing.

Substantial variation exists in the regional incidences
of LB throughout Finland. The Aland Islands, which is
a hyperendemic region both for ticks and LB, stands out
from the other HDs. Outside the Aland Islands, the highest
incidences are concentrated in the coastal areas of Finland,
especially along the coastline of the Baltic Sea and the
southwestern archipelago. Southwestern Finland, including
the archipelago, has long been well-known as a region with
high tick abundance (10). During 1995-2000, the LB inci-
dence was highest in southwestern Finland, but =15 years
later, the southeastern areas of Finland have surpassed the
southwestern areas in terms of LB incidence. In general,
in almost all HDs in the southern half of Finland, LB inci-
dence increased during 1995-2014. Central-western parts

Emerging Infectious Diseases * www.cdc.gov/eid * Vol. 23, No. 8, August 2017

of Finland remain low-incidence regions. The same regions
can be identified as areas of low tick density on a map of
the geographic distribution of ticks in Finland in 2015 (23).

We observed a bimodal age-specific distribution in
microbiologically confirmed LB cases and clinically diag-
nosed LB cases. The similar 2-peaked age distribution has
been noted in other studies of LB in the United States and
in Europe, but unlike in the previous studies, the second
peak in our study occurred in older age groups in both sex-
es (6,11,19,24,25). One explanation for the peak in older
age groups could be increased levels of leisure activity; in
Finland, certain outdoor activities, such as berry picking
and gardening, might be more popular among older per-
sons, which might increase their exposure to tick bites. Fur-
thermore, because of the aging immune system, the elderly
might be at an increased risk for disseminated LB, which
is observed as an increased number of LB cases, especially
in NIDR (26).

The preponderance of women and girls with cases
of EM has been reported in various other epidemiologic
studies in Europe, and our data on clinically diagnosed
LB cases (59.7% of which occurred in women and girls)
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Figure 3. Incidence rates of microbiologically confirmed Lyme borreliosis cases, by hospital district and period, Finland, 1995-2014. A)
1995-1999; B) 2000-2004; C) 2005-2009; D) 2010-2014. The Aland Islands are not shown; only the hospital districts on the mainland

are shown.

are in accordance with those previous reports (7,27-30).
Incidence of clinically diagnosed LB was higher only
among boys 5-14 years of age and men >80 years of age.
In adults, especially in the 50-79-year age group, inci-
dence was distinctively higher among women. In terms
of microbiologically confirmed LB, differences in LB
incidence between men and women were not as large,
but women were still slightly predominant across all age
groups. However, in the >70-year age group, men were
clearly overrepresented. In France, the proportion of men
that were hospitalized because of LB during 2004-2012
was substantially higher than the proportion of women
(57.8% vs. 42.2%), whereas women represented 52% of
the LB cases reported by general practitioners (19). The
immunologic or biologic mechanisms that might explain
why older men would be more likely to have disseminated
LB than women are unknown (30). Women might tend to
notice EM more often or they might seek the healthcare
services more actively while still in the EM phase of the
infection. Either way, in our study, a preponderance of
men with microbiologically confirmed LB cases was only
observed in the older age groups.

The seasonal distribution of clinically diagnosed LB
cases peaked in July and August, followed by a 1-2-month
incubation period, before disseminated LB peaked in Sep-
tember. Both the host-seeking tick activity and the human
exposure to ticks attributable to summertime outdoor ac-
tivities affect the seasonality of LB. According to our data,
the EM stage infections are observed during the warm sum-
mer months during June-September, and few EM cases
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are registered in Avohilmo during November—April. The
incubation period for disseminated LB ranges from weeks
to months, which results in microbiologically confirmed
LB cases being reported to NIDR throughout the year, al-
though to a lesser extent during the winter season in Fin-
land (November—April), when only chronic manifestations
of LB typically are reported.

The proportions of Lyme neuroborreliosis (9.3%)
and Lyme arthritis (4.3%) cases identified were surpris-
ingly low compared with the total number of case-patients
discharged from the hospitals during the study period. A
reasonable explanation might involve the reporting accu-
racy; most LB cases are likely registered only under the
ICD-10 code A69.2 (“Lyme borreliosis”) instead of the
more specific codes referring to Lyme neuroborreliosis
and Lyme arthritis. However, the completeness and ac-
curacy of Hilmo data in general have been found to be on
a high level (31).

We acknowledge some limitations in this study. First,
Avohilmo does not yet cover occupational and private
healthcare visits. Thus, the number of clinically diagnosed
cases is underestimated in this study, particularly among
working-age persons. Second, the reliability of correctly
diagnosed EM cases is highly dependent on the healthcare
professionals reporting the cases to Avohilmo. However,
EM is well-recognized among healthcare workers in Fin-
land, and every healthcare visit must be registered with an
ICD-10 code. We have adjusted our total estimate on the
number of clinically diagnosed LB cases with a correc-
tion factor reflecting the known inaccuracies in reporting.
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Figure 4. Monthly distribution of microbiologically confirmed Lyme
borreliosis cases reported in the National Infectious Diseases
Register during 1995-2014 and clinically diagnosed cases
reported in the Register for Primary Health Care Visits during
2011-2014, Finland.

However, the trend in LB incidence in Avohilmo is similar
to that of microbiologically confirmed LB in NIDR dur-
ing the past few years. Third, the awareness of LB among
healthcare professionals and the public might differ geo-
graphically and seasonally, which might cause differences
in diagnostic activity. Also, the location where the infec-
tion occurred might be different than the place of residence,
and the fact that NIDR does not contain any clinical infor-
mation is a limitation. To further evaluate the register data
and to refine our incidence estimates, register-linkage stud-
ies on an individual level are needed and ongoing, includ-
ing the assessment of personalized disease and antibiotic
prescription patterns. Risk factors for LB should also be
comprehensively assessed. We plan to expand routine sur-
veillance of LB to also include clinically diagnosed cases
and will further validate the use of primary healthcare visits
for surveillance purposes.

In this study, we showed an increase in the inci-
dence of LB in Finland during a ~20-year period and
described the changes that have taken place in the geo-
graphic distribution of LB. The epidemiologic data of
LB are useful for healthcare professionals, the general
public, and the media to highlight the areas and sea-
sons of the highest infection risk. Furthermore, the re-
sults of this study stress the importance of LB as an
increasing public health concern and are valuable to
the public health decision-makers in guiding surveil-
lance and intervention strategies (e.g., vaccine develop-
ment), as well as increasing the awareness of the disease
among the public.

This work was supported by the University of Turku, NIHW,
and the Academy of Finland. The funders of the study had no
role in study design, analysis, or writing of the report.
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Characterization of Fitzroy River
Virus and Serologic Evidence of
Human and Animal Infection

Cheryl A. Johansen,! Simon H. Williams,* Lorna F. Melville, Jay Nicholson,
Roy A. Hall, Helle Bielefeldt-Ohmann, Natalie A. Prow, Glenys R. Chidlow,
Shani Wong, Rohini Sinha, David T. Williams, W. lan Lipkin, David W. Smith

In northern Western Australia in 2011 and 2012, surveil-
lance detected a novel arbovirus in mosquitoes. Genetic
and phenotypic analyses confirmed that the new flavivirus,
named Fitzroy River virus, is related to Sepik virus and Wes-
selsbron virus, in the yellow fever virus group. Most (81%)
isolates came from Aedes normanensis mosquitoes, pro-
viding circumstantial evidence of the probable vector. In cell
culture, Fitzroy River virus replicated in mosquito (C6/36),
mammalian (Vero, PSEK, and BSR), and avian (DF-1) cells.
It also infected intraperitoneally inoculated weanling mice
and caused mild clinical disease in 3 intracranially inocu-
lated mice. Specific neutralizing antibodies were detected in
sentinel horses (12.6%), cattle (6.6%), and chickens (0.5%)
in the Northern Territory of Australia and in a subset of hu-
mans (0.8%) from northern Western Australia.

n the state of Western Australia, Australia, active surveil-

lance is conducted for mosquitoborne viruses of major
human health significance: alphaviruses Ross River virus
(RRV) and Barmah Forest virus (BFV) and flaviviruses
Murray Valley encephalitis virus (MVEV) and West Nile
virus (subtype Kunjin virus; KUNV). These flaviviruses
are endemic and epidemic to the northern and central areas
of Australia, where surveillance involves year-round test-
ing for seroconversions in sentinel chickens (1) and virus
isolation from mosquito pools collected annually (2,3).
More frequent mosquito collection is prevented by the
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logistical difficulties of accessing remote areas. Com-
monly isolated arboviruses include the flaviviruses
MVEV (and subtype Alfuy virus), KUNV, Kokobera vi-
rus (KOKV), and Edge Hill virus (EHV) and the alpha-
viruses RRV, BFYV, and Sindbis virus (4,5). This system
occasionally detects viruses that cannot be identified as
known viruses, such as Stretch Lagoon virus, an orbivi-
rus isolated in 2002 (6). We describe the detection and
characterization of a novel flavivirus named Fitzroy River
virus (FRV), isolated from mosquitoes collected in north-
ern Western Australia, and seroepidemiologic evidence of
human or animal infection.

Methods

Adult Mosquito Collections

Adult mosquitoes were collected during March and April
2010-2015, at the end of the summer wet season across the
Kimberley region of Australia (2) (Figure 1). Mosquitoes
were collected in encephalitis vector surveillance traps (7)
baited with carbon dioxide and were separated by species
and pooled (8-10); blood-fed mosquitoes were excluded
from analysis.

Virus Isolation and Identification

Virus isolation from all mosquito pools was performed as
previously described (10). In brief, mosquito pools were
homogenized and serially passaged from C6/36 (Aedes
albopictus mosquito) cells onto Vero (African green mon-
key kidney) and PSEK (porcine squamous equine kidney)
cells. PSEK cells were later replaced by BSR (baby ham-
ster kidney) cells. Viruses were detected and identified by
use of microscopy and monoclonal antibody (mAb) bind-
ing patterns in ELISA. For flavivirus-reactive samples, a
flavivirus group—reactive 1-step reverse transcription PCR
assay (Invitrogen, Carlshad, CA, USA) (11) was used to
amplify a 0.6-kb fragment of the nonstructural protein 5
(NSS5) and 3’ untranslated region (3" UTR) for PCR and
sequence confirmation.

These authors contributed equally to this article.
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Whole-Genome Sequencing

RNA from viral stock (the prototype isolate K73884) was
extracted with TRI Reagent (Molecular Research Center,
Inc., Cincinnati, OH, USA) and sequenced on a HiSeq ultra
high-throughput sequencing platform (Illumina, San Di-
ego, CA, USA). Trimmed reads were assessed for quality
by using PRINSEQ version 0.20.2 (12) before host (meta-
zoan and mosquito) genome subtraction (Bowtie 2) (13) and
assembly (MIRA version 4.0) (14). Resulting contiguous
sequences and unique singletons were subjected to homol-
ogy search by using MegaBLAST and blastx (https://blast.
nchi.nlm.nih.gov/Blast.cgi) against the GenBank database.
Sequences that were similar to viruses from the yellow
fever virus (YFV) group, a monophyletic branch that pre-
viously included 3 viruses (Wesselsbron virus [WESSV],
Sepik virus [SEPV], and YFV) (15) were manually edited
and reassembled by using Geneious version 7.1.5 (16). The
complete genome was resequenced by using overlapping
PCR and confirmed by bidirectional Sanger sequencing.

Figure 1. Locations where Fitzroy River virus—positive mosquitoes
were collected (black dots), Western Australia, Australia, 2011 and
2012. Perth (asterisk), the capital city and most densely populated
area of Western Australia, is shown to indicate its distance from
the Kimberley region.
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The sequences for the 5" and 3’ UTRs were acquired by us-
ing the SMARTer RACE ¢cDNA amplification kit (Takara
Bio USA, Mountain View, CA, USA).

Phylogenetic and Recombination Analyses

Nucleotide sequences for the complete polyproteins rep-
resenting 44 mosquitoborne and tickborne flaviviruses, as
well as those that are insect specific or have no known vec-
tor, were retrieved from GenBank. Alignments with FRV
were performed by using MUSCLE in Geneious version
7.1.5, and a maximum-likelihood phylogenetic tree was
constructed by using the general time reversible plus gam-
ma distribution site model of nucleotide substitution with
500 bootstrap replicates (MEGA version 7.0.16) (17). Ta-
mana bat virus was used as the outgroup. For alignments
of cleavage recognition sequences from members of the
YFV group, previously established sites were identified
and aligned (18,19). To assess whether FRV was a recom-
binant virus, we analyzed polyprotein sequence alignments
(as described above) by using default parameters for RDP,
GENECONYV, BootScan, MaxChi, Chimaera, SisScan,
3SEQ, and Phylpro methods available in the RDP4 pro-
gram suite (20).

Virus Growth Kinetics in Vitro

Virus replication was assessed in mosquito (C6/36), mam-
malian (Vero and BSR), and avian (DF-1) cells (21) by
using a multiplicity of infection of 0.1 in 2% fetal bovine
serum in M199 (C6/36 cells) or DMEM (Vero, BSR, and
DF-1 cells). After 1 hour of incubation at 28°C (C6/36
cells) or 37°C (Vero, BSR, and DF-1 cells), the inoculum
was removed and monolayers were washed before addition
of 1 mL of media. Plates were incubated; monolayers ex-
amined for cytopathic effect (CPE); and samples removed
in triplicate at 0, 1, 2, 3, 4, and 7 days postinoculation (dpi)
and stored at —80°C. The 50% tissue culture infectious dose
in each sample was determined by serial dilutions and titra-
tion in BSR cells in 96-well tissue culture plates, and titers
were calculated (22).

Determination of Virulence in Mice

All procedures using animals were approved by The Uni-
versity of Queensland Animal Ethics Committee. Groups
of 10 mice (18-19-day weanling CD1 mice, equal numbers
of each sex) were challenged by intraperitoneal injection
of 50 uL or intracranial injection of 20 uL of either 100 or
1,000 50% tissue culture dose infectious units (IU) of FRV.
Groups of 3 mice were mock challenged intraperitoneally
or intracranially. Veterinarians monitored the mice twice
daily for 19 days and then daily through 21 dpi (23,24). At
21 dpi, all mice were deeply anesthetized, bled by cardiac
puncture, and killed by cervical dislocation. No animals
required euthanasia during the experiment. FRV-specific
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antibodies were detected by fixed-cell ELISA (25), and the
brains of mice with mild clinical signs were fixed in 10%
neutral-buffered formaldehyde and processed for histo-
pathologic and immunohistochemical examination (23,24).

Serologic Surveys
Human serologic studies were performed with approval from
The University of Western Australia Human Ethics Com-
mittee. We used human serum samples that were submitted
to PathWest Laboratory Medicine WA (Nedlands, Western
Awustralia, Australia) for arbovirus serologic testing and that
were positive by flavivirus hemagglutination inhibition as-
say. We also used serum samples that were submitted for
alphavirus testing only (RRV and BFV) and that were se-
rologically negative. Deidentified information about patient
age, sex, ZIP code, and test results were provided. Samples
from residents of regions in northern Western Australia
where FRV had been detected in mosquitoes or where Aedes
normanensis mosquitoes are abundant were targeted for this
survey. Samples were tested in a flavivirus epitope blocking
ELISA that used mAb 3H6 (26). Serum containing flavivi-
rus antibodies in ELISA were subsequently tested by serum
cross-neutralization assay for antibodies to FRV, MVEYV,
KUNV, Alfuy virus, KOKV, Stratford virus, and EHV as
described previously (27). As controls, we used polyclonal
rabbit or mouse serum previously raised to these viruses.
Animal serologic studies were approved by The
Charles Darwin University Animal Ethics Committee.
Animal serum (sentinel cattle, horses, chickens, and wal-
labies) from the Northern Territory of Australia was tested
for antibodies to FRV by neutralization tests (28) without
prior testing by flavivirus epitope blocking ELISA. Cross-
neutralizations with SEPV were conducted on a subset of
positive samples to confirm antibody specificity.

Results

Viruses and mAb Binding Patterns

We saw little or no visual evidence of infection of C6/36
cell monolayers during the isolation of FRV, and it grew
slowly in Vero cells. Cytopathic evidence of infection was
most marked in PSEK and BSR cells. Isolates were initially
typed by their mAb binding profile against a panel of flavi-
virus- and alphavirus-reactive mAbs in fixed-cell ELISA.

Characterization of Fitzroy River Virus

All isolates of FRV reacted with the flavivirus-reactive
mAb 4G2 but failed to react with other flavivirus- and
alphavirus-reactive mAbs (data not shown). Preliminary
analyses of the nucleotide sequence of the NS5-3" UTR
showed 75%-80% identity to SEPV and WESSV, the vi-
ruses most closely related to YFV (15,19,29,30). Identity
between all FRV isolates in the NS5-3" UTR was 98.9%—
100%. The mAb binding profile differed from EHV and
SEPV, and positive reactions to FRV were detected with
mADbs 4G2 and 4G4 only (Table 1).

Whole-Genome Sequences and Phylogeny

Unbiased high-throughput sequencing results provided
>99% of the FRV genome with only partial UTRs not
obtained. The completed full-genome length of FRV was
10,807 nt with asingle 10,218-nt open reading frame flanked
by a 117-nt 5" UTR and a 472-nt 3' UTR (Table 2; online
Technical Appendix Figure, panel A, https://wwwnc.cdc.
gov/ElD/article/23/8/16-1440-Techappl.pdf) and has been
deposited in GenBank under accession no. KM361634. At
the amino acid level, FRV was more similar to SEPV than
to WESSV in most regions, with the exception of the short
2k peptide (70% vs. 91% aa homology), NS4a (87% vs.
92% aa homology), and NS5 (88% vs. 89% aa homology).
Because there was a sharp change in amino acid homology
between FRV and SEPV across the 2k peptide (70%) and
NS4b (94%), we assessed aligned polyprotein sequences
for recombination breakpoints by using 8 algorithms in the
RDP4 suite, but we found no evidence suggesting that re-
combination had occurred (data not shown).

FRV was highly similar to SEPV across the structural
viral proteins, including the membrane (96%) and envelope
(96%) proteins. Over the full genome, FRV displayed the
highest nucleotide identity to SEPV (79%), WESSV (77%),
and YFV (62%). These lower nucleotide identities are in
contrast to the polyprotein amino acid homologies (SEPV
91%, WESSV 89%, YFV 61%), indicating that a large pro-
portion of nucleotide differences between FRV and SEPV or
WESSV were synonymous. The level of nucleotide identity
was higher in the 5" and 3" UTRs (94% and 86%, respectively)
than in structural proteins (up to 81%) for FRV and SEPV,
reflecting the functional importance of the UTRs for virus
replication. Closer analysis of several conserved features of
flavivirus UTRs is shown in the online Technical Appendix

Table 1. Monoclonal antibody binding pattern of FRV isolates from Western Australia*

Monoclonal antibodyt

Virus 4G2 4G4 6F7 7C6 8G2 6A9 3D11 3B11 3G1 5D3 7C3
FRVE + + - - - - - - - - -
SEPV + + + — — — - - - - -
YFV + + - - - - - - - - -
EHV + - + + + + + + + + +

*EHV, Edge Hill virus; FRV, Fitzroy River virus; SEPV, Sepik virus; YFV, yellow fever virus; +, positive (optical density of >0.2 and at least 2 times the

mean of negative control wells); —, negative.

TOriginal descriptions of monoclonal antibody from (31) (4G2), (32) (4G4), (33) (6F7), and (34) (7C6, 8G2, 6A9, 3D11, 3B11, 3G1, 5D3, and 7C3).
FMonoclonal antibody binding patterns of all FRV isolates were identical to those of the prototype isolate K73884.
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Table 2. Comparison of genomic region lengths and similarities between members of the YFV group and FRV*

Virus
FRV SEPV WESSV YFV

Genomic region nt aa nt aa nt aa nt aa

5 UTR 117 NA 116 (94) NA 118 (92) NA 118 (52) NA
Capsid 348 116 348 (77) 116 (84) 348 (74) 116 (78) 363 (54) 121 (39)
Premembrane 267 89 267 (78) 89 (94) 267 (73) 89 (87) 267 (59) 89 (59)
Membrane 225 75 225 (80) 75 (96) 225 (74) 75 (87) 225 (58) 75 (47)
Envelope 1,470 490 1,470 (81) 490 (96) 1,470 (79) 490 (93) 1,479 (63) 493 (54)
NS1 1,059 353 1,059 (79) 353 (93) 1,059 (76) 353 (87) 1,056 (63) 352 (64)
NS2a 678 226 678 (78) 226 (88) 678 (77) 226 (85) 672 (54) 224 (40)
NS2b 390 130 390 (78) 130 (88) 390 (76) 130 (88) 390 (56) 130 (50)
NS3 1,869 623 1,869 (79) 623 (93) 1,869 (77) 623 (92) 1,869 (67) 623 (71)
NS4a 378 126 378 (75)) 126 (87) 378 (75) 126 (92) 378 (61) 126 (57)
2k 69 23 69 (71) 23 (70) 69 (74) 23 (91) 69 (61) 23 (57)
NS4b 744 248 744 (79) 248 (94) 744 (77) 248 (91) 750 (66) 250 (64)
NS5 2,721 906 2,721 (78) 906 (88) 2,721 (76) 906 (89) 2,718 (66) 905 (68)
3'UTR 472 NA 459 (86) NA 478 (84) NA 508 (65) NA
Polyprotein 10,218 3,405 10,218 (79) 3,405 (91) 10,218 (77) 3,405 (89) 10,236 (63) 3,411 (61
Full genome 10,807 NA 10,793 (79) NA 10,814 (77) NA 10,862 (62) NA

*Values are sequence length (% identity with FRV). FRV, Fitzroy River virus (GenBank accession no. KM631634); NS, nonstructural; SEPV, Sepik virus
(GenBank accession no. NC008719); UTR, untranslated region; WESSV, Wesselsbron virus (accession no. JN226796); YFV, yellow fever virus

(X03700); NA, not applicable.

Figure. Although comparisons of the cyclization sequences
(online Technical Appendix Figure, panel C) indicate a high
level of conservation among all members of the YFV group,
alignments of the upstream AUG region (online Technical
Appendix Figure, panel D) highlight a clear separation of
FRV, SEPV, and WESSV from YFV. When we assessed
the string of tandem repeats in the 3" UTR, some differences
between FRV, SEPV, and WESSV emerged. We identified
3 highly conserved repeats in the 3" UTR of FRV (RFRI,
RFR2, and RFR3; online Technical Appendix Figure, panel
B), which are most similar to the previously described se-
quences identified in YFV (RYF1, RYF2, and RYF3). Strik-
ingly, WESSV (69.7%-90.6%) and FRV (72.7%-90.6%)
retained homologous sequences to RYF1, RYF2, and RYF3,
and SEPV retained only a vestigial repeat sequence (RSEP3)
that is highly divergent from all other members of the YFV
group, including FRV.

FRV shares a common ancestor with SEPV (with
100% bootstrap support) (Figure 2) and is located in the
distinct YFV group according to International Committee
on Taxonomy of Viruses classification (15). Analysis of
the 12 cleavage sites located within the polyprotein open
reading frame, following the scheme described by Kuno
and Chang (19), supported the phylogenetic structure of the
YFV group; YFV displayed marked divergence from FRV,
SEPV, and WESSV in several cleavage sites, including
Ci/PrM, NS1/NS2a, NS2a/NS2b, and NS2b/NS3 (online
Technical Appendix Figure, panel E).

Viruses Isolated from Mosquitoes

Mosquitoes yielding isolates of FRV were collected at Fitz-
roy Crossing in the West Kimberley region in 2011 (Table
3); FRV was isolated from 2 pools of Ae. normanensis and
1 pool of Anopheles amictus mosquitoes. In 2012, a similar
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level of sampling in the same geographic area (data not
shown) showed a shift of activity away from Fitzroy Cross-
ing to a broader area in the eastern and southern Kimberley
region, encompassing Billiluna, Kununurra, and Wyndham
(Table 3). Sixteen isolates were obtained, most (81.2%)
from Ae. normanensis mosquitoes (Table 3) and all from
female mosquitoes. Additional virus was isolated from
An. amictus, Culex annulirostris, and a pool of damaged
and unidentifiable Aedes spp. mosquitoes. The minimum
infection rate was greatest at Billiluna (2.5 FRV-infected
mosquitoes/1,000 mosquitoes; Table 4). Other arboviruses
detected during these seasons included MVEV, KUNV,
KOKYV, RRV, and Sindbis virus (Table 3).

In Vitro Virus Replication

FRYV replicated in all 4 cell lines tested. At all time points,
the FRYV titer grew higher in BSR than in other cell lines,
with the exception of Vero cells on day 7; the difference
was usually significant (Table 5). Mild CPE was not appar-
ent until day 4 in BSR cells and day 7 in Vero and DF-1
cells; no CPE was evident in C6/36 cells.

Virus Virulence in Mice

Two female mice in the 1,000 IU intracerebrally in-
oculated group and 1 female mouse in the 100 IU in-
tracerebrally inoculated group had hind limb weakness,
intermittent photophobia, and/or mild retrobulbar swell-
ing between 5 and 12-13 dpi; however, only 1 female
mouse in each intracerebrally inoculated group received
a score of 1 on 1-2 days (days 5 and 9). By 13-14 dpi,
all mice appeared to be clinically healthy. The only
abnormality in intraperitoneally inoculated mice was
mild photophobia in 1 mouse in the 1,000 IU group at 6
dpi. Mock-challenged animals showed no clinical
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abnormalities throughout the study period. All intrace-
rebrally inoculated mice seroconverted; antibody titers
were >160. In the intraperitoneally inoculated group, 6
mice in the 100 1U group seroconverted and 8 mice in
the 1,000 IU group seroconverted (titers 40 to >160),
indicating successful FRV replication.

Forthe 3mice inwhich subtle clinical signs developed,
we processed the heads for histopathology. We found his-
topathologic signs of meningoencephalitis in all 3 (Fig-
ure 3, panels A-D). The lesions were most notable in the
1,000 IU intracerebrally inoculated group, corroborating

Characterization of Fitzroy River Virus

the mild clinical signs observed. The least severe lesions
were seen in the mouse from the 100 IU intracerebrally
inoculated group; however, the lesions were unilateral in
the hemisphere not inoculated. In the other 2 mice, the
trend was toward greater severity in the inoculated hemi-
sphere; however, in the other hemisphere and distant
from the inoculation site, we found leukocyte infiltration,
gliosis, and neuronal degeneration. No viral antigen was
detected in the affected brains by immunohistochemistry,
suggesting that FRV was cleared at the time of euthanasia
(21 dpi).

Figure 2. Phylogenetic tree of the genus Flavivirus, based on full polyprotein nucleotide sequences. Asterisk (*) indicates Fitzroy River
virus. Scale bar indicates nucleotide substitutions per site. YFV, yellow fever virus.
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Table 3. Mosquito species collected and arboviruses isolated from the Kimberley region of Western Australia, Australia, 2011

and 2012*
No. pools
Year, location, mosquito species No. (%) collected No. processed  processed No. virus isolates
2011
Fitzroy Crossing
Ae. (Ochlerotatus) normanensis 4,657 (38.4) 2,497 110 2 FRV, 3 non A/F
An. (Cellia) amictus 750 (6.2) 504 29 1 FRV, 4 non A/F
An. (Cellia) annulipes s.l. 2,879 (23.7) 1,898 84 6 non A/F
Cx. (Culex) annulirostris 3,202 (26.4) 1,773 79 2 MVEV, 1 KUNV, 1 KUNV+SINV,
6 non A/F
Other 635 (5.2) 482 100 1 non A/Ft
Subtotal 12,123 (100) 7,154 402
2012
Billiluna
Ae. (Macleaya) tremulus 252 (2.0) 135 14
Ae. (Ochlerotatus) normanensis 1,679 (13.4) 1,244 58 3 FRV
An. (Cellia) amictus 650 (5.2) 508 42
An. (Cellia) annulipes s.I. 3,456 (27.5) 1,555 74
An. (Cellia) novaguinensis 247 (2.0) 152 18
Cx. (Culex) annulirostris 5,608 (44.6) 3,424 148 2 MVEV
Damaged Anopheles spp. 131 (1.0) 83 14
Damaged Culex spp. 218 (1.7) 111 15
Other 326 (2.6) 199 84
Subtotal 12,567 (100) 7,411 467
Kununurra
Ae. (Finlaya) notoscriptus 455 (1.3) 381 31
Ae. (Neomellanoconion) lineatopennis 3,457 (9.9) 1540 80
Ae. (Ochlerotatus) normanensis 12,632 (36.2) 4917 219 7 FRV, 2 RRV
An. (Anopheles) bancroftii 2,428 (7.0) 723 52
An. (Cellia) annulipes s.I. 1,758 (5.0) 1025 67
An. (Cellia) meraukensis 2,717 (7.8) 863 60
Cdg. (Coquillettidia) xanthogaster 931 (2.7) 796 55
Cx. (Culex) annulirostris 7,600 (21.8) 4195 193 1 RRV
Ve. (Verrallina) reesi 468 (1.3) 287 33
Damaged Culex spp. 350 (1.0) 253 30 1 RRV
Other 2,111 (6.0) 1528 369 4 RRVE
Subtotal 34,907 (100) 16508 1189
Wyndham
Ae. (Ochlerotatus) normanensis 1,661 (5.4) 551 30 1FRV, 1 RRV
An. (Anopheles) bancroftii 532 (1.7) 122 14
An. (Cellia) amictus 1,589 (5.1) 380 26
An. (Cellia) annulipes s.. 982 (3.2) 262 20
An. (Cellia) meraukensis 1,677 (5.4) 450 27
Cx. (Culex) annulirostris 21,388 (69.1) 5,357 224 1 FRV, 2 KOKV, 4 RRV
Cx. (Culex) crinicauda 330(1.1) 62 14
Damaged Culex spp. 907 (2.9) 247 17 1 RRV
Other 1,881 (6.1) 898 206 1FRV, 1 RRVS
Subtotal 30,947 (100) 8329 578
Total 90,544 39,402 2,636

*Only mosquito collection locations that yielded isolates of FRV are shown; species collected at abundance of <1.0% are grouped as “other”; named
species are female mosquitoes only. Results from male mosquitoes are included in “other.” Ae., Aedes; An., Anopheles; Cq., Coquillettidia; Cx., Culex;
FRV, Fitzroy River virus; KOKV, Kokobera virus; KUNV, West Nile (Kunjin) virus; non A/F, not an alphavirus or flavivirus and identity is yet to be
determined; MVEV, Murray Valley encephalitis virus; RRV, Ross River virus; SINV, Sindbis virus; Ve., Verrallina.

tlsolated from female Ae. lineatopennis mosquito.

fIsolated from female Aedeomyia catasticta (1), Anopheles amictus (1), and Mansonia uniformis (2) mosquitoes.
8FRV isolated from a pool of damaged female Aedes spp. mosquitoes, RRV isolated from female An. bancroftii mosquitoes.

Antibodies in Humans and Animals

A total of 366 serum samples from humans from northern
Western Australia, submitted to PathWest Laboratory Medi-
cine WA for alphavirus or flavivirus serologic testing from
March through May in 2014 and 2015, were tested for anti-
bodies to FRV (online Technical Appendix Table). Overall,
the prevalence of antibodies to flaviviruses in the ELISA was
33.6%, of which initial screening showed an FRV neutral-
ization titer >10 in 9 samples. For 3 of these samples, cross-
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neutralization titers showed FRV antibody titers >40 and at
least a 4-fold difference between antibody titer to FRV and
other flaviviruses from Australia (Table 6), yielding an FRV
positivity rate of 0.8% (3/336) of all samples tested and 2.4%
(3/123) of samples with evidence of a flavivirus infection by
ELISA. All 3 FRV antibody—positive samples were from the
West Kimberley (Broome) region.

Serum from 227 sentinel cattle, 87 horses, and 178
sentinel chickens from the Northern Territory sampled
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Table 4. Minimum infection rates of mosquitoes infected with FRV, Western Australia, Australia, 2011 and 2012*

Year, location, mosquito species No. isolates Minimum infection ratet
2011
Fitzroy Crossing
Ae. (Ochlerotatus) normanensis 2 0.8
An. (Cellia) amictus 1 2.0
2012
Billiluna
Ae. (Ochlerotatus) normanensis 3 25
Kununurra
Ae. (Ochlerotatus) normanensis 7 14
Wyndham
Ae. (Ochlerotatus) normanensis 1 1.8
CX. (Culex) annulirostris 1 0.2
Damaged Aedes spp. 1 11

*Ae., Aedes; An., Anopheles; Cx, Culex; FRV, Fitzroy River virus.

tNo. FRV-infected mosquitoes/1,000 mosquitoes; calculated according to (35).

from 2009/10 through 2014/15 were tested for antibod-
ies to FRV. Neutralizing antibodies to FRV were detect-
ed in horses (12.6%) and cattle (6.6%). FRV and SEPV
cross-neutralization tests on a subsample of FRV anti-
body—positive serum samples indicated that the FRV in-
fections were not the result of serologic cross-infection
with closely related SEPV (data not shown), which occurs
in neighboring Papua New Guinea. One sentinel chicken
had a low FRV antibody titer. Most FRV infections in
domestic animals (n = 24; 77%) were from 2012/13. We
also tested serum from 25 wallabies, 1 wallaroo, and 1
bandicoot from the Northern Territory, collected from
2006/07 through 2013/14. Low levels of FRV antibod-
ies were found in 1 wallaby from the Darwin region in
January 2007. We found no association between infec-
tion and clinical disease in any cattle, horses, chickens, or
marsupials tested.

Discussion

The new flavivirus from northern Australia, for which we
proposed the name Fitzroy River virus, was first isolated
from Ae. normanensis mosquitoes collected near the
Fitzroy River. Phylogenetic analysis of isolate K73884
demonstrates that FRV belongs to the YFV group (15).
Cleavage recognition sequence analysis groups FRV to-
gether with WESSV and SEPV, but distinct from YFV,
reflecting the pattern of amino acid homology of mem-
bers of the YFV group across the polyprotein. When ho-
mology of individual viral proteins is assessed, FRV is

most closely related to SEPV in all regions excluding
some nonstructural components that have a required role
in replication (36,37), notably NS4a and 2k, where ho-
mology to WESSV was higher. We found no evidence
of recombination breakpoints occurring along the FRV
genome, and the low (70%) amino acid homology ob-
served in the 2k peptide is most likely the result of a
collection of nonsynonymous mutations. However, this
recombination analysis was limited to 44 reference fla-
vivirus sequences; a larger collection that includes more
YFV group isolates from the Southeast Asia region
may reveal further insights into the evolutionary history
of FRV.

The phylogenetic placement of FRV in the YFV
group is further supported by analysis of features in the
flavivirus UTRs (cyclization sequence, upstream AUG re-
gion, and tandem repeats), sequences that are functionally
necessary for enhancing replication through formation of
secondary RNA structures (38). Although we observed
near complete consensus in the cyclization sequence at
each terminus between these 4 viruses, FRV had higher
levels of identity to SEPV and WESSV than YFV across
the respective upstream AUG regions. Conversely, the
tandem repeats found in the 3’ UTR showed consistently
high nucleotide identities (>80% across all 3 sites) with
YFV rather than WESSV and SEPV. Together, these data
indicate that FRV possesses a unique collection of se-
quence signatures that distinguish it from other members
of the YFV group.

Table 5. Fitzroy River virus replication in 4 cell lines

Mean Fitzroy River virus titer*

Day C6/36 Vero BSR DF-1

1 0? 3.07 £ 0.06° 0?

2 4.68 +£0.212 3.78 £ 0.05° 5.13 £ 0.06° 3.81+0.3®
3 5.58 + 0.05% 4.72 +0.02° 6.67 £0.08° 5.5+0.08%
4 6.66 + 0.09? 5.02 +£0.07° 6.72 + 0.05% 6.26 + 0.15%
7 4.41 +£0.142 7.01 +0.01° 6.6 +0.21° 4.25+0.232

*Statistical significance of log transformed arithmetic means was determined with 2-way analysis of variance with correction for multiple comparisons and
using the Tukey method for pairwise multiple comparisons (GraphPad Prism version 6.0; GraphPad Software Inc, San Diego, CA, USA). Means + SE in
the same row followed by the same superscript letter did not differ significantly (p>0.05). Results at day 0 were excluded because virus detected at this

time point represented residual inoculum.
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The origin of FRV is unknown. Although increased
surveillance in neighboring countries is needed, arbovi-
rus and mosquito monitoring has been pursued in northern
Western Australia since the early 1970s (39,40) with only
minor changes in strategy. FRV was not detected by virus
culture from earlier mosquito collections, a finding consis-
tent with recent introduction into Western Australia and
possibly elsewhere in Australia, thus highlighting the value
of ongoing surveillance activities. We cannot exclude the
possibility that FRV was circulating in mosquitoes of spe-
cies (or other insect vectors) not commonly collected in
traps routinely used for surveillance of adult mosquitoes
in Western Australia and that genetic changes enabled the
virus to adapt to a new host species, as has been seen with
chikungunya virus (41).

Phylogenetic analysis indicated that FRV is most
closely related to SEPV in the YFV group, which is cur-
rently found only in Papua New Guinea, and WESSV,
which occurs in Africa and Thailand. Recent experience
with introduction of likely or suspected arbovirus and arbo-
virus vectors into northern Australia suggests that FRV was
probably introduced from Southeast Asia. Included are in-
troductions by mosquitoes such as Aedes aegypti (L.), Ae-
des vexans, and Culex gelidus (42,43) and introductions of
viruses including Japanese encephalitis virus from Papua
New Guinea (44), bluetongue viruses from Southeast Asia
(45,46), and epizootic hemorrhagic disease virus 1 from
Indonesia (47).

Most (81%) FRV has been isolated from Ae. norma-
nensis mosquitoes, providing circumstantial evidence that
this species may be the dominant vector. Mosquito collec-
tions at each locality were conducted ~2-3 weeks after a
period of high rainfall following a relatively dry period.
These conditions favor an abundance of Ae. normanensis
mosquitoes because these mosquitoes rapidly hatch from
desiccation-resistant eggs (48). The detection of antibodies
to FRV in sentinel animals from the Northern Territory is
consistent with the range and feeding behavior of Ae. nor-
manensis mosquitoes and indicates a wide distribution of
FRYV in northern Australia.

Our finding of serologic evidence of human infection
by FRV, despite low prevalence and apparent confinement
to the West Kimberley region, is noteworthy. We detected
FRV more extensively across northern Western Austra-
lia, so further human infections are likely. Because these
samples had been sent for routine diagnostic arbovirus
testing, it is presumed that most persons had a clinical ill-
ness of concern; however, we did not have access to de-
tailed clinical information. Also, because the samples were
single rather than paired acute- and convalescent-phase
samples, we could not determine whether the FRV antibod-
ies are the result of acute or previous infections. The anti-
body titers to FRV in humans were low, and although the
cross-neutralizations included all known Australian flavivi-
ruses that replicate in the cell lines we used, these persons
may have been infected with an unrecognized flavivirus.

The close relationship of FRV with WESSV and
SEPV may indicate potential for FRV to affect domestic
animals such as cattle, goats, and sheep. Cattle stations
are a dominant agricultural feature of northern Australia.
Given that most FRV was isolated from Ae. normanensis
mosquitoes, that mosquitoes of this species readily feed on
cattle and horses, and that the FRV antibody prevalence
in sentinel cattle and horses in the Northern Territory was
high, we believe that the enzootic transmission cycle for
FRV probably involves Ae. normanensis mosquitoes and
domestic animals such as cattle and horses. Infection with
FRV was not associated with clinical disease in animals
but could potentially be disguised by other arbovirus in-
fections, such as bovine ephemeral fever (49).

The finding of mild clinical signs in FRV-infected
weanling mice, more often in those that were intrace-
rebrally infected, indicates that severe clinical disease
may be unlikely unless the health of the animal host is
compromised. Further research is required to determine
if FRV causes clinical disease in humans or domestic ani-
mals. The outcomes of this study demonstrate the value of
surveillance for mosquitoborne viruses in the detection,
characterization, and impact assessment of novel and
known arboviruses.

Table 6. Serologic test results for 9 serum samples from humans from northern Western Australia, which contained FRV neutralizing

antibodies at initial testing*

ELISA, % FRYV initial Cross-neutralization titers Infecting

Sample block neutralization titer  FRV MVEV KUNV ALFV KOKV STRV EHV virus
2014-1 79 10 <10 <10 <10 <10 <10 <10 <10 ubD
2014-2 87 20 <10 10 10 <10 10 10 40 EHV
2014-3 86 40 <10 <10 <10 <10 <10 20 80 EHV
20144 84 160 40 <10 10 <10 <10 10 <10 FRV
2015-1 90 80 <10 <10 160 <10 <10 <10 <10 KUNV
2015-2 92 20 <10 <10 80 <10 <10 <10 <10 KUNV
2015-3 98 40 80 <10 10 <10 <10 <10 <10 FRV
20154 95 80 80 10 20 <10 10 10 20 FRV
2015-5 98 10 <10 <10 10 <10 <10 <10 <10 ub

*ALFV, Alfuy virus (K74157); EHV, Edge Hill virus (K74003); FRV, Fitzroy River virus (K73884); KOKV, Kokobera virus (K69949); KUNV, West Nile
(Kunijin) virus (K81136); MVEV, Murray Valley encephalitis virus (K68150); STRV, Stratford virus (C338); UD, undetermined.
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Characterization of Fitzroy River Virus

Figure 3. Photomicrographs of Fitzroy River virus (FRV)—induced meningoencephalitis in weanling mice inoculated with 1,000 infectious
units of FRV. Panels show multifocal mild to severe perivascular and neuropil infiltration of lymphocytes and monocytes (blue arrows in
A-C); meningitis in a sulcus (black arrow in A); glial cell activation with notable astrocytosis, neuron degeneration, and neuronophagia
(arrowhead in B); occasional hemorrhage (blue arrow in D); mild periventricular spongiosis (blue arrows in C); and meningitis (black
arrow in C). Hematoxylin and eosin staining. Original magnifications: A) x40, B) x400, C) x100, D) x400.
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Genomic Characterization of
Recrudescent Plasmodium
malariae after Treatment with
Artemether/Lumefantrine

Gavin G. Rutledge,* lan Marr,* G. Khai Lin Huang, Sarah Auburn, Jutta Marfurt,
Mandy Sanders, Nicholas J. White, Matthew Berriman, Chris I. Newbold,
Nicholas M. Anstey, Thomas D. Otto, Ric N. Price

Plasmodium malariae is the only human malaria parasite
species with a 72-hour intraerythrocytic cycle and the abil-
ity to persist in the host for life. We present a case of a P.
malariae infection with clinical recrudescence after directly
observed administration of artemether/lumefantrine. By us-
ing whole-genome sequencing, we show that the initial in-
fection was polyclonal and the recrudescent isolate was a
single clone present at low density in the initial infection.
Haplotypic analysis of the clones in the initial infection re-
vealed that they were all closely related and were presum-
ably recombinant progeny originating from the same infec-
tive mosquito bite. We review possible explanations for the
P. malariae treatment failure and conclude that a 3-day arte-
mether/lumefantrine regimen is suboptimal for this species
because of its long asexual life cycle.

During the past decade, intensification of malaria con-
trol efforts has substantially reduced the global bur-
den of malaria from Plasmodium falciparum. This trend
has often been associated with increased recognition of the
burden of malarial disease caused by the other Plasmodium
species (1). P. malariae, 1 of the 6 Plasmodium species that
commonly infect humans, is endemic throughout parts of
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Africa (2,3), South America (4), Asia, and the western Pa-
cific (5). P. malariae is unique among the human-infective
Plasmodium species in having a 72-hour intraerythrocytic
life cycle with variable but often prolonged pre-erythrocyt-
ic intrahepatic development (6). P. malariae can persist in
the human host for years and possibly an entire lifetime.
Although it is often asymptomatic, chronic parasitemia in
endemic areas is associated with substantial rates of illness,
including anemia and nephrotic syndrome (7-9).

A key strategy for malaria elimination is strengthen-
ing of health systems to deliver early diagnosis and highly
effective therapy. Artemisinin-based combination therapy
(ACT) has been central to this approach, with proven effi-
cacy against multidrug-resistant P. falciparum, multidrug-
resistant P. vivax, and P. knowlesi (10-13). In recent years,
there have been increasing calls for a universal policy of
ACT for all species of malaria (10-13). However, the ef-
ficacy of ACT against P. malariae is poorly documented.

Although chronic infection with P. malariae is well-
recognized (14), little is known regarding how the parasites
manage to evade host immunity and the intrahost dynamics
of the underlying parasite population. Recent advances in
molecular genetics have produced the first descriptive anal-
yses of the whole genome sequence of P. malariae (15,16).
The P. malariae reference genome is 33.6 Mb in size, has
6,540 genes, and has an average guanine plus cytosine con-
tent of 24% (15).

We report a case of a P. malariae infection in a pa-
tient residing in a non-malaria-endemic environment that
resulted in recrudescence months after treatment with arte-
mether/lumefantrine (AL). By using whole-genome se-
quencing of isolates from the initial and the recrudescent
infections, we show that the 2 major P. malariae haplo-
types, constituting ~90% of the parasite load in the initial
infection, were cleared successfully by AL, whereas a third
haplotype, constituting a minority subpopulation in the ini-
tial infection, survived and recrudesced.

These authors contributed equally to this article.
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Results

The Patient

A 31-year-old Uganda-born man, weighing =77 kg (=170
Ibs), who had been a resident in Australia for 5 years
sought care at Royal Darwin Hospital (Darwin, Northern
Territory, Australia) on March 1, 2015, with a 4-day his-
tory of fevers and headaches. He had returned to Australia
56 days previously after a 2-week trip to Uganda visit-
ing friends and relatives (Figure 1, panels A, E). He had
spent 14 days in a rural malaria-endemic area in eastern
Uganda. Although he had not taken regular malaria pro-
phylaxis, he had self-medicated with a locally acquired
oral course of AL on the second and third days of his trip,
despite being clinically well (Figure 1, panels B, D). He
returned to Australia (now a malaria-free country) in Jan-
uary 2015 until seeking care after a short febrile illness in
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late February. On examination, he had a tympanic tem-
perature of 37.5°C and a heart rate of 110 beats/min but no
manifestations of severe malaria. Rapid diagnostic testing
with BinaxXNOW (Binax, Inc. Inverness Medical Profes-
sional Diagnostics, Scarborough, ME, USA) for malaria
was positive for aldolase but negative for histidine-rich
protein 2. Species-specific PCR was positive for P. ma-
lariae and negative for all other Plasmodium species (on-
line Technical Appendix, https://wwwnc.cdc.gov/EID/ar-
ticle/23/8/16-1582- Techappl.pdf). Thick and thin blood
film examination confirmed P. malariae parasitemia
(12,140 parasites/uL) with all stages of asexual develop-
ment visible on the blood film (online Technical Appen-
dix Figure 1, panels A, B). The blood film was otherwise
unremarkable; in particular, no evidence for hyposplen-
ism was found. The patient was not immunosuppressed,
and an HIV serologic test was negative. A hepatitis C

Figure 1. Timeline of the clinical
case of a patient with Plasmodium
malariae infection diagnosed

and treated at Royal Darwin
Hospital, Darwin, Northern
Territory, Australia, March—

April 2015, showing the timing
(A), treatment (B), parasite’s
genotype as inferred from whole-
genome sequencing (C), clinical
presentation (D), and location

(E). The rounded arrow indicates
the recrudescence of the minor
haplotype 2 in the initial infection
to dominate monoclonally in the
second infection. AL, artemether/
lumefantrine; H1, haplotype 1; H2;
haplotype 2; MP Ag, pan-malarial
antigen; R1, reference haplotype.
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serologic test was positive but with a viral load that was
below the limit of quantification (<12 TU/mL).

The patient was administered a single 20/120 mg tablet
of AL on the first day because of a prescribing error but
subsequently continued with a supervised standard regi-
men of 80/480 mg every 12 hours taken with fatty food to
complete a full course of 6 doses over 3 days, equivalent
to a total dosage of 6.2 mg/kg of artemether and 37.4 mg/
kg of lumefantrine. Glucose 6-phosphate dehydrogenase
function was normal, and a single 30-mg dose of prima-
quine was administered on day 2. His hemoglobin was 126
g/dL and he received no blood transfusion. After treatment,
his parasitemia declined to 1,269/pL at 32 hours, 488/uL
at 41 hours, and 55/uL at 56 hours. He was afebrile and
symptom-free within 36 hours of admission. However, be-
fore discharge on day 6, thick blood film examination was
still positive (192/uL), but by day 11, his repeat blood film
examination and his aldolase rapid diagnostic test results
were negative.

The patient remained in urban Darwin but returned to
the hospital 52 days later, on April 22, 2015, with a 2-week
history of fevers, fatigue, and headache. Microscopy again
identified P. malariae with a parasite count of 3,332/uL
(online Technical Appendix Figure 1, panels C, D). Chlo-
roquine was unavailable, so the patient was re-treated with
oral hydroxychloroquine with an 800-mg loading dose, fol-
lowed by 400 mg at 6 hours, 400 mg at 24 hours, 400 mg
at 48 hours, and a single 45-mg dose of oral primaquine.
The parasite count declined rapidly to 37/pL at 28 hours,
191/pL at 49 hours, and 76/uL at 88 hours of treatment.
His symptoms resolved rapidly. Thick and thin blood films
were negative on day 4 and remained negative on retest-
ing at days 8, 35, 41, and 84, and the patient remained free
of symptoms throughout. A PCR on blood collected at 12
weeks was also negative.

Whole-Genome Sequencing

Extensive sequencing was performed from blood sam-
ples obtained from the initial (PmUGO01) and recrudes-
cent (PmUGO02) infection (online Technical Appendix
Table 1), covering >99% of the genome at >20x for
both infections. By using additional P. malariae sam-
ples published previously (15), we identified single-
nucleotide polymorphisms (SNPs) using GATK’s Uni-
fiedGenotyper (Broad Institute, Cambridge, MA, USA)
(17) and filtered them based on several parameters (on-
line Technical Appendix Table 2). A multidimensional
scaling plot of the samples based on their SNP allele
frequency-spectra revealed that PmUGO01 and PmUGO02
were more closely related to each other than to any of the
other samples (online Technical Appendix Figure 2), as
expected if they were related recombinants derived from
the same original infection.
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Searching solely for SNPs that distinguish PmUGO01
and PmUGO02, we identified 2,631 variants after filtering
(online Technical Appendix Table 2). PmUGO01 was the
sample from which the reference genome (R1) was con-
structed (15), and only 1 SNP in PmUGO1 suggested a
nucleotide base different from the reference strain, prob-
ably because it was in a repetitive region (online Techni-
cal Appendix Table 4). PmUGO1 appeared to be a poly-
clonal infection with a bimodal distribution of alternate
(i.e., nonreference) alleles at frequencies of 0.15 and 0.35
(online Technical Appendix Figure 3, panel A). Converse-
ly, PmUGO2 appeared to be a monoclonal infection with
~85% of sites being either fixed for the reference allele or
for an alternative allele (online Technical Appendix Fig-
ure 3, panel B). Comparison of the initial and recrudescent
infections revealed that heterozygous sites in the initial in-
fection had become either homozygous alternate (~40%) or
homozygous reference (*45%) (online Technical Appendix
Table 4). Analysis of the genotype calls across the genome
(online Technical Appendix Figure 4) revealed that, where-
as the heterozygous sites from the initial infection were
spread evenly across the 14 chromosomes, the homozygous
alternate sites in the recrudescent infection were present
in distinct clusters, implying that the initial infection was
polyclonal and that the recrudescence was attributable to a
single clone that was closely related to the reference clone.

Comparison of the distribution of the alternate allele
frequencies throughout the genome of the initial and re-
crudescent strains (Figure 2) revealed bands of alleles at
frequencies of ~0.15 and ~0.35 in the initial infection spa-
tially clustered throughout the genome. The alleles that
increased in relative frequency in PmUGO02 were mostly
at frequencies of ~0.15, whereas the alleles at frequencies
of ~0.35 decreased in frequency and the positions became
homozygous reference in PmUGO02 (Figure 2). These data
strongly suggested that, in addition to R1, 2 minor clones
(minor haplotypes) were also present. Of these 2, the clone
with the haplotype comprising alternate alleles at frequen-
cies of 0.35 (H1) appeared to have been eliminated during
the drug treatment because no alleles specific to HI were
present in the recrudescent infection. The other minor clone
comprised a haplotype with alternate alleles at frequencies
of ~0.15 (H2) in the initial infection; this clone appeared to
have caused the recrudescence (Figure 1, panel C). Based
on the relative alternate allele frequencies of the 3 haplo-
types in the initial infection, ~60% of the parasites were
of the R1 haplotype, 30% of H1, and 10% of H2. These
estimates were broadly consistent with the ratio of alleles
in tri-allelic sites (0.69:0.22:0.09) (online Technical Ap-
pendix Table 5). The ratio of alleles in these tri-allelic sites
changes markedly in PmUGO02 (0.13:0.06:0.81), with over
half of sites becoming homozygous for H2 but with some
heterogeneity in the other sites (online Technical Appendix
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Figure 2. Analysis of the minor
haplotype (H2) that caused
recrudescence of Plasmodium
malariae infection in a patient at
Royal Darwin Hospital, Darwin,
Northern Territory, Australia, March—
April 2015, showing distribution

of SNP alternative (nonreference)
allele frequencies across the 14
chromosomes (boxes in the middle
and dotted vertical lines) in the
initial infection (bottom plot) and

the recrudescence (top plot). The
SNP colors (green, increasing

in frequency; red, decreasing in
frequency) form 2 clear bands,
corresponding to H1 (yellow box) and
H2 (pink box). H2 probably caused
the recrudescence given that all of
its alleles increase considerably in
frequency. Colored boxes in center of
chart indicate chromosome sharing.
H1, haplotype 1; H2; haplotype 2;
R1, reference genome; SNP, single-
nucleotide polymorphism.

Table 6), probably because of the low coverage depth and
because they were in repetitive regions.

Unexpectedly, several SNPs at high allele frequen-
cies (>0.4) also increased in frequency in the recrudescent
strain. Testing by using additional P. malariae samples (15)
showed that ~80% of these SNPs were homozygous for the
alternate allele in >1 other P. malariae samples, whereas
~30% were homozygous in all other P. malariae samples
(online Technical Appendix Figure 5). This observation
indicated that of these unusual SNPs, ~50% were highly
polymorphic, whereas ~30% were probably low-frequency
SNPs with rare variants present in the reference strain. This
would explain the observation of SNPs with high reference
allele frequency in the initial infection that became homo-
zygous alternate in the recrudescence, given that they were
probably SNPs with alternate alleles shared by H1 and H2.

To clarify the relationships of the different haplotypes
with each other, we classified every genome region by
whether any of the 3 haplotypes were identical to each other
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(Figure 2; online Technical Appendix). Approximately 25%
of the genome is shared between H1 and R1 and between H2
and R1. No regions were shared between H1 and H2, which
suggested that both H1 and H2 were half-siblings of R1, al-
though they did not share any parent between themselves
(online Technical Appendix Figure 6). The finding that all
haplotypes were related to each other through R1 further sug-
gested that all strains were transmitted from the same mos-
quito bite and that the mosquito ingested at least 4 different
parental haplotypes (online Technical Appendix Figure 6).
Analysis of SNPs in orthologs of known drug-resis-
tance genes identified 3 nonsynonymous SNPs in the mul-
tidrug resistance protein 2 (mdr2) gene, 1 of which was in
the ABC transporter domain, and 2 in the ABC transporter
domain of ABC transporter C family member 2, present in
the recrudescent strain (H2) but not the other strains (on-
line Technical Appendix Table 7). No evidence was found
for copy number variation in any gene compared with the
reference strain, and the reference strain did not appear to
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have an amplification of the multidrug resistance protein 1
gene compared with any of the other P. malariae samples.

Discussion
This report of a case of recurrent P. malariae malaria is un-
usual in that it describes the molecular characterization and
confirmation of a treatment failure after directly observed,
appropriately administered, quality-assured AL dosing in a
nonendemic environment where reinfection was not pos-
sible. Whole-genome sequencing demonstrated that the
recrudescence was attributable to a minor clone present in
the initial polyclonal infection. The case raises 2 important
questions: first, what was the cause of treatment failure;
and second, why did recrudescence arise from the minor
clone rather than a dominant reference clone?

Although the efficacy of AL for P. malariae infection
is assumed in many national guidelines (18), P. malariae
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monoinfections are relatively unusual and often of low
density. To our knowledge, there have been no published
efficacy series of AL with the long follow-up necessary to
assess efficacy against a parasite with a 72-hour life cycle.
In a nonrandomized efficacy study of 4 PCR-confirmed P.
malariae infections treated with AL in Gabon (1 P. malar-
iae monoinfection and 3 mixed P. malariae/P. falciparum
infections), all 4 were microscopy negative at day 28, with
no follow-up beyond this time (19). Among 80 PCR-con-
firmed P. malariae/P. falciparum mixed species infections
in Uganda, 12% were still PCR-positive for P. malariae at
day 7 and 6% were still PCR-positive on day 17 (20). An
additional 3 reports have documented P. malariae infec-
tions occurring at 38 days, 47 days, and 4 months after AL
treatment of an initial microscopy-diagnosed P. falciparum
infection in returned travelers with no further possible ma-
laria exposure (21-23).

Figure 3. The different

scenarios under which a second
Plasmodium malariae infection
could have occurred from the
initial infection diagnosed in a
patient at Royal Darwin Hospital,
Darwin, Northern Territory,
Australia, March—April 2015.
Initial infection is shown in the
inner circle. A) A completely new
infection might have caused

the second malaria onset. B)
The drug might not have been
absorbed at sufficient levels to
kill all the parasites in the blood
(pharmacokinetic cause). C) The
longer intraerythrocytic life cycle
of P. malariae (72 hours) might
have enabled some parasites

to survive the drug action until
lumefantrine concentrations
became subtherapeutic
(pharmacokinetic cause). D) H2
parasites might have differentially
sequestered with a biomass out
of proportion with the peripheral
parasitemia. E) Some parasites
might have formed dormant
stages in the liver, blood, or
elsewhere (pharmacodynamic
cause). F) An immune response
might have been differentially
primed against haplotypes at
higher biomass. G) A haplotype
within the initial infection might
have been relatively drug resistant
(fitness advantage). H1,
haplotype 1; H2, haplotype 2; R1,
reference genome.
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Several plausible explanations might account for a re-
currence of P. malariae parasitemia after treatment with
AL (Figure 3). The last indigenous case of malaria in the
Northern Territory was in 1962, with no subsequent cases
of introduced malaria or autochthonous transmission (24);
hence, the possibility of reinfection can be excluded (Fig-
ure 3, panel A). Additionally, the presence of the H2 hap-
lotype in the initial infection and recrudescent infection
confirms treatment failure.

Inadequate drug absorption resulting in suboptimal
serum drug concentrations can cause treatment failure
(Figure 3, panel B). Artemether is rapidly absorbed and
eliminated (half-life of a few hours), whereas lumefantrine
is variably absorbed and more slowly eliminated (half-life
~3.2 days) (25). Lumefantrine is a lipophilic compound
with erratic bioavailability unless administered with a
small fatty meal (26), and for this reason, guidelines rec-
ommend administration of AL with a fatty meal such as
milk or a small biscuit. In the case of our patient, we were
unable to confirm adequate serum concentrations of lume-
fantrine; however, the patient took a complete course of
treatment, and all doses were supervised in the hospital and
administered with a milk biscuit to ensure good absorption.
None of the treatment doses were vomited. In this scenar-
io, one would expect >98% efficacy against P. falciparum
(27). In addition, the clones associated with the R1 and H1
haplotypes, accounting for ~90% of the parasite load, were
cleared, suggesting that the plasma drug concentrations
were sufficient to eliminate both infections. Nevertheless,
considerable inter-individual variation exists in lumefan-
trine exposure, and this patient may have had relatively
low concentrations.

Cure of malaria in a nonimmune patient requires that
antimalarial blood concentrations are sustained above the
parasites’ MIC until the entire parasite biomass has been
eliminated. In the presence of antimalarial drugs, the para-
site biomass generally decreases over time in an exponen-
tial manner, with drug concentrations needing to be sus-
tained above the MIC for >4 life cycles (28). In the case of
our patient, the baseline parasitemia at initial presentation
was 12,000/pL, which is relatively high compared with
most P. malariae clinical infections (6). Thus, the combi-
nation of the long parasite life cycle such that 1 rather than
2 asexual cycles were exposed to artemether, and the short
period (=16 days) for which lumefantrine was at concen-
trations sufficient to kill the parasite may have resulted in
parasites surviving the initial treatment and reestablishing
a chronic parasitemia that was then sustained for 50 days
before recrudescing (Figure 3, panel C).

Another possibility is that some parasites could have
sequestered (Figure 3, panel D) or become dormant (Fig-
ure 3, panel E). Whereas dormancy would allow a propor-
tion of the parasites to evade blood-stage schizontocidal
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activity, plausible sites for sequestration of P. malariae—
infected erythrocytes would still be exposed to therapeutic
concentrations of blood-stage antimalarials, making this
possibility an unlikely explanation for this patient’s recru-
descent infection. P. malariae is well-recognized as having
a prolonged preerythrocytic phase and a prepatent period
of 16-59 days (6). The initial treatment course of AL was
administered 56 days after the patient left Uganda, so any
preerythrocytic stages were probably not present at the
time of initial AL treatment.

Although the ability to form hypnozoites (dormant
exoerythrocytic stages) occurs in 3 human malaria parasite
species (P. vivax, P. ovale curtisi, and P. o. wallikeri), the
evidence that latent exoerythrocytic stages do not occur in
P. malariae is limited (6). Case reports have documented
P. malariae producing symptomatic disease many years af-
ter exposure to infection, as noted in the case of a 74-year-
old woman in Greece with P. malariae reactivation after
>40 years (29). Such latency suggests that low-level para-
sitemia could persist for many years after infection, and
indeed may be lifelong. In the case of our patient, para-
site recrudescence occurred >100 days after he had left a
malaria-endemic area.

Although inadequate drug absorption (Figure 3, panel
B), duration of treatment (Figure 3, panel C), or dormancy
(Figure 3, panel E) all may have contributed to parasite
recrudescence, these indiscriminate explanations would
be expected to occur primarily in the dominant strain dur-
ing the initial infection (28) (online Technical Appendix
Figure 7). One could speculate that the H2 minor parasite
population might have emerged from a hepatic schizont
that ruptured days after those giving rise to the majority
haplotypes and, despite genetic similarity, had substantial
differences in surface antigenicity. The antibody response
to the primary infection, which would have reached a max-
imum ~3 weeks after the illness began, would have been
directed against the majority haplotypes and might not
have recognized the minor population (Figure 3, panel F).
Alternatively, more of the minor population might have
been in the dormant state compared with the dominant cir-
culating clones with R1 or H1 haplotypes, or more might
have been at a higher biomass in erythrocytes sequestered
elsewhere, enabling a proportion to evade antimalarial
drug action and recrudesce.

Finally, the minority clone with H2 haplotype might
have recrudesced because of a fitness advantage over
the other clones/haplotypes (online Technical Appen-
dix Figure 7, panels B, C), possibly including relative
resistance to either artemether or lumefantrine (Figure
3, panel G). In P. falciparum, resistance to artemether
is acquired through mutations in the propeller domain
of K13 (30), whereas P. falciparum resistance to lume-
fantrine is associated with mutations and copy number
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variation in the Pfmdrl gene (31,32). Although neither
of these genes had nonsynonymous mutations in H2, 1
nonsynonymous mutation was noted in the ABC trans-
porter domain of mdr2, potentially involved in artemis-
inin resistance (33,34), and 2 nonsynonymous mutations
were noted in the multidrug resistance—associated pro-
tein 2 gene, which has been implicated in reduced ex
vivo susceptibility to lumefantrine in P. falciparum (35).
We also identified 2 nonsynonymous SNPs in the dihy-
drofolate reductase homologue. Low serum concentra-
tions, a modest reduction in lumefantrine efficacy, the
prolonged life cycle of P. malariae, and rapid elimina-
tion of lumefantrine all might have contributed to the
observed treatment failure in our patient.

In conclusion, we have described a case of P. ma-
lariae recrudescence occurring in a non-malaria-endem-
ic country after adequately administered AL. Whole-
genome sequencing data revealed that the monoclonal
recrudescence consisted of a minor haplotype that ac-
counted for ~10% of the initial infection and that all the
haplotypes in the initial infection were related to each
other and therefore probably originated from the same
infective mosquito bite. Although the haplotypes were
closely related, the genomic data suggest that >4 paren-
tal haplotypes were ingested by the mosquito, indicating
considerable diversity and transmission of P. malariae.
This case raises concerns about the adequacy of ACTs
with a short half-life partner drug, such as AL, in treating
P. malariae infections and suggests that optimal ACTs
to treat P. malariae should include a slowly eliminated
partner drug. Our findings reinforce the importance of a
longer duration of follow-up monitoring of patients in-
fected with P. malariae for late recrudescence.

The sequencing data generated in this study are provided
in the European Nucleotide Archive under accession codes
ERS1110316 and ERS1110319.
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In 2015, a cluster of respiratory diphtheria cases was re-
ported from KwaZulu-Natal Province in South Africa. By
using whole-genome analysis, we characterized 21 Cory-
nebacterium diphtheriae isolates collected from 20 patients
and contacts during the outbreak (1 patient was infected
with 2 variants of C. diphtheriae). In addition, we included
1 cutaneous isolate, 2 endocarditis isolates, and 2 archived
clinical isolates (ca. 1980) for comparison. Two novel lin-
eages were identified, namely, toxigenic sequence type
(ST) ST-378 (n = 17) and nontoxigenic ST-395 (n = 3). One
archived isolate and the cutaneous isolate were ST-395,
suggesting ongoing circulation of this lineage for >30 years.
The absence of preexisting molecular sequence data limits
drawing conclusions pertaining to the origin of these strains;
however, these findings provide baseline genotypic data for
future cases and outbreaks. Neither ST has been reported
in any other country; this ST appears to be endemic only in
South Africa.

espiratory diphtheria, caused by toxigenic strains of
the gram-positive bacillus Corynebacterium diphthe-
riae, is an upper respiratory tract disease characterized by
a sore throat; mild fever; and gray-white pseudomembrane
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on the tonsils, larynx, or pharynx. Introduction of the diph-
theria toxoid vaccine in 1923 and widespread mass immu-
nization in the 1940s and 1950s led to the near elimination
of the disease in the industrialized world (1). However,
diphtheria remains endemic in many developing countries
despite implementation of the World Health Organization
Expanded Programme on Immunization in 1974. Epidemic
diphtheria resurged in Russia and Eastern Europe in the
early 1990s, with >150,000 reported cases occurring pre-
dominantly in older children and adults (2).

Molecular epidemiology can be used for investigating
diphtheria case clusters in the postvaccine era to improve
our understanding of patterns of transmission and spread of
epidemic clones. At the time of the Russia epidemic, ribo-
typing was the established gold standard method of strain
typing; however, if deviations from the prescribed protocols
occurred, reproducibility could have been compromised
(3). Subsequently, multilocus sequence typing (MLST)
was developed, which is highly reproducible and provides
more accurate information regarding the population struc-
ture and evolution (4). More recently, core-genome phylo-
genetic analysis showed a high level of discrimination and
was able to provide insight into C. diphtheriae genomic
diversity and identify factors contributing to virulence (5).
In addition, the highly discriminatory, clustered, regularly
interspaced short palindromic repeats (CRISPR) spoligo-
typing was used for a more detailed analysis of the Russia
epidemic clone (6).

In South Africa, early studies in the 1940s and 1950s
reported rates of respiratory diphtheria significantly higher
than those in industrialized countries, ranging 20-35 cas-
es/100,000 population and equating to =3,000 case notifi-
cations annually (7,8). During 1980-2014, a total of 412
diphtheria cases were reported in South Africa through the
World Health Organization—-UNICEF joint reporting pro-
cess with most (>80%) notified before 1990 (9). The last
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laboratory-confirmed respiratory diphtheria case reported
in South Africa occurred in a 22-year-old woman in Febru-
ary 2010 in Western Cape Province (10).

During March—June 2015, a cluster of 15 respiratory
diphtheria patients with a case-fatality ratio of 27% was re-
ported from KwaZulu-Natal Province in South Africa (11).
In 2014, before the outbreak, a KwaZulu-Natal official re-
ported that the province had 96% coverage for the primary
series of diphtheria vaccinations and 83% coverage for the
18-month booster (N. McKerrow, KwaZulu-Natal Depart-
ment of Health, pers. comm., 2015 Jun 8). However, the
tetanus-diphtheria booster coverage rates were 54% for
6-year-olds and 20% for 12-year-olds. In response to the
outbreak of diphtheria, contact tracing was conducted and
postexposure prophylaxis was given to family members
and school and clinic contacts (11). Educational leaflets
about social mobilization and health promotion activities
were distributed in affected communities. The KwaZulu-
Natal Department of Health embarked on a catch-up vac-
cination campaign for schoolgoing children 6-15 years
of age in the affected districts. National guidelines for the
management and public health response to diphtheria were
developed (12), and healthcare practitioners countrywide
were notified to be on the alert for possible cases. Laborato-
ries in South Africa were requested to include selective me-
dia for isolation of C. diphtheriae when processing throat
swabs and to submit all potential C. diphtheriae isolates to
the national reference laboratory for confirmation and to
establish an isolate repository for molecular surveillance.
We conducted a molecular epidemiologic investigation
by using whole-genome data to characterize isolates from
cases and contacts linked to this KwaZulu-Natal outbreak.

Methods

Definitions

We defined a confirmed case as the occurrence of clini-
cal symptoms consistent with respiratory diphtheria (sore
throat; low-grade fever; and an adherent membrane on the
pharynx, tonsils, larynx, or nose) in a person who was posi-
tive for toxin-producing C. diphtheriae and a probable case
as the occurrence of mild respiratory symptoms or clini-
cal symptoms of respiratory diphtheria in a C. diphtheriae
culture—negative person who was epidemiologically linked
to a patient or carrier positive for toxin-producing C. diph-
theriae. For the purposes of this investigation, we defined
a carrier as a person with a laboratory-confirmed, toxin-
producing or non-toxin-producing C. diphtheriae infection
with no respiratory symptoms.

Bacterial Strain Collection
During the 2015 KwaZulu-Natal diphtheria outbreak investi-
gation, we received 21 C. diphtheriae isolates swabbed from

Emerging Infectious Diseases * www.cdc.gov/eid ¢ Vol. 23, No. 8, August 2017
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the throat or nasopharynx (or groin in 1 case). We confirmed
identification of cultures by matrix-assisted laser desorption/
ionization time-of-flight technology (13) and confirmed the
presence of the A and B subunit genes of the C. diphthe-
riae toxin and phenotypic toxin production by 2 different
real-time PCR assays (14,15) and Elek testing (16). Isolates
were biotyped with the API Coryne kit (BioMérieux, Lyon,
France). We included 2 archived clinical isolates of C. diph-
theriae that were isolated in South Africa during the 1980s
(although no clinical or demographic data were available
for these isolates) and 2 C. diphtheriae isolates from pre-
adolescent children with endocarditis obtained in July and
August 2015 (Table 1). Positive controls for PCR and Elek
testing were C. diphtheriae vaccine-type strain PW8 (ATCC
13812; American Type Culture Collection, Manassas, VA,
USA); toxin-positive C. diphtheriae NCTC 3984 and 10648
(National Collection of Type Cultures, Salisbury, UK);
and toxin-negative C. diphtheriae NCTC 10356. Negative
controls were C. ulcerans (NCTC 12077), C. bovis (ATCC
7715), and C. striatum (ATCC BAA-1293) (Table 1).

Whole-Genome Sequencing

We extracted DNA from overnight broth cultures with the
QlAamp DNA Mini Kit (QIAGEN, Hilden, Germany). We
prepared multiplexed paired-end libraries (2 x 300 bp) with
the Nextera XT DNA sample preparation kit (Illumina,
San Diego, CA, USA) and performed sequencing on an II-
lumina MiSeq instrument with depth of coverage ranging
from 95x to 182x. The raw reads were checked for quality,
trimmed, and mapped to the reference genome of C. diph-
theriae NCTC 13129 (17) by using CLC Genomics Work-
bench version 8.5.1 (CLC Bio-QIAGEN, Aarhus, Den-
mark), which resulted in an 89.7%-93.8% coverage of the
reference genome. We performed de novo assembly for all
genomes with CLC Genomics and ordered them relative to
NCTC 13129 by using the Mauve genome alignment pack-
age version 2.3.1 (18). We annotated all genomes by using
PROKKA version 1.11 (http://www.vicbioinformatics.com/
software.prokka.shtml) and screened the annotated genomes
to confirm the presence or absence of the A and B subunits
of the C. diphtheriae toxin gene and the toxin repressor gene
(dtxR). C. diphtheriae draft genomes for the South Africa
isolates have been deposited at DDBJ/European Nucleo-
tide Archive/GenBank (accession nos. MIOA00000000—
MIOP00000000, MINX00000000-MINZ00000000, and
MI1YN00000000-M1Y S00000000).

Multilocus Sequence Typing

We retrieved the sequence type (ST) for each isolate from
the whole-genome sequence with the Bio-MLST-MLST-
Check module (http://search.cpan.org/dist/Bio-MLST-
Check/) and applied the eBURST version 3 algorithm
(http://eburst.mlst.net/) to generate a population snapshot
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for C. diphtheriae (19). We defined a clonal complex as
a cluster of related STs linked as single-locus variants to
another ST in the group. We used all available C. diphthe-
riae isolates (n = 616) listed in the global MLST database
(https://pubmlst.org/cdiphtheriae/) at the time of analysis
(accessed June 13, 2017), including 25 isolates from South
Africa, to provide context for the South Africa isolates.

Whole-Genome Phylogeny and CRISPR Analysis

We constructed the core-genome alignment by using rapid
large-scale prokaryote pan genome analysis (Roary) soft-
ware (20) to determine the genetic relatedness between the
outbreak, outbreak-associated, historical, and endemic iso-
lates. We generated a maximume-likelihood phylogenetic
tree by using RaxML version 8 (21). To contextualize the
South Africa isolates, we included C. diphtheriae genomes
from ATCC and NCTC control strains (Table 1) together
with publicly available genomes from Brazil (n = 3) (5),
India (n = 2) (22), and Malaysia (n = 2) (23) (selected from
GenBank). We identified CRISPR-Cas systems in silico
with the online CRISPRFinder program (24) and deter-
mined CRISPR-Cas cassettes by using the classification
and nomenclature described by Makarova et al. (25).

Ethics

In South Africa, the National Health Act of 2003 (Act No.
61 of 2003) and the Health Professions Act of 1974 (Act
No. 56 of 1974) allow access to patient medical records
for those working on investigations directed at ensuring the
public health. Further, the Human Research Ethics Com-
mittee of the University of the Witwatersrand serves the

Table 1. Corynebacterium controls and non—outbreak-
associated C. diphtheriae isolates from South Africa*

Toxin-

Isolate no. Organism (biotype) producing ST
ATCC 13812 C. diphtheriae (gravis) Yes 44
(PW8)

NCTC 10648 C. diphtheriae (gravis) Yes 25
NCTC 10356 C. diphtheriae (belfanti) No 106
NCTC 3984 C. diphtheriae (gravis) Yes 10
NCTC 5011 C. diphtheriae Yes 143

(intermedius)

NCTC 13129t C. diphtheriae (gravis) Yes 8
NCTC 12077 C. ulcerans No NA
ATCC 7715 C. bovis No NA
ATCC BAA-1293 C. striatum No NA
6853% C. diphtheriae No 395
2337% C. diphtheriae No 402
464038 C. diphtheriae No 391
463378 C. diphtheriae No 390

*ATCC, American Type Culture Collection; NA, not applicable; NCTC,
National Collection of Type Cultures; ST, sequence type

tClinical isolate from a 72-year-old woman in the United Kingdom
isolated following her return from a Baltic cruise in 1997. This isolate is
representative of the Russia outbreak clone (17).

FHistorical clinical isolates from South Africa ca. 1980s. No clinical
information is available for these isolates.

§Clinical isolates from 8-year-old (46403) and 9-year-old (46337)
endocarditis patients from the Western Cape Province of South Africa,
July—August 2015.
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interests of the public in the collection, analysis, and inter-
pretation of communicable disease data. This institution,
which has oversight over the National Institute of Com-
municable Diseases and ensures the application of good
clinical and laboratory practices, approved this outbreak
investigation (ethics certification no. M160667).

Results

Description of Patients and Contacts with

C. diphtheriae

Asof June 13, 2015, a total of 15 illnesses were under investi-
gation: 11 were classified as laboratory-confirmed cases and
2 as probable cases (Table 2). One probable case occurred in
a patient who was linked to a carrier of toxigenic C. diphthe-
riae and died; the postmortem throat swab from this patient
was culture negative. The second probable case occurred in
a patient infected with non—toxin-producing C. diphtheriae
who was linked to 3 carriers colonized with toxin-producing
C. diphtheriae. The remaining 2 illnesses under investiga-
tion could not be classified as confirmed or probable cases;
they occurred in culture-negative patients with respiratory
diphtheria symptoms who could not be epidemiologically
linked to a patient or carrier with toxin-producing C. diph-
theriae. Of the 11 patients with laboratory-confirmed cases,
6 patients were not up-to-date with the South African vac-
cination schedule and 2 had received all scheduled vaccines
recommended for their age group. Vaccination status was
unknown for 4 patients. With the exception of patient 9, who
was white, all other patients and carriers were black.

Among the 292 patients and contacts with throat swab
samples taken during the KwaZulu-Natal outbreak investi-
gation, we isolated C. diphtheriae from 19 persons (Table
2). C. diphtheriae isolates from the 11 laboratory-confirmed
cases were a mixture of biotypes mitis (n = 8), gravis (n =
1), and intermedius (n = 2). One patient (no. 3) was infected
with both toxigenic (biotype mitis) and nontoxigenic (bio-
type gravis) C. diphtheriae. The 1 culture-positive probable
case (no. 14) was defined as such because the patient had
respiratory diphtheria symptoms but was culture-positive
for nontoxigenic C. diphtheriae. However, this patient had
3 contacts who were carriers (nos. 15, 16, and 17) colonized
with toxigenic C. diphtheriae and 1 contact (no. 18) who
was a carrier colonized with non—-toxin-producing C. diph-
theriae. We isolated toxigenic C. diphtheriae from carriers
(nos. 7 and 8) who were family members of patients with
laboratory-confirmed cases (nos. 5 and 6). One carrier (no.
13) had toxigenic C. diphtheriae and was a contact of an-
other patient with probable diphtheria who died.

C. diphtheriae biotype mitis was predominant among
carriers (5/7, 71%). Cutaneous C. diphtheriae biotype gra-
vis was isolated from the groin of a patient (no. 4) who
had contact with 2 carriers of non-toxin-producing
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Table 2. Characteristics of patients and carriers who were Corynebacterium diphtheriae culture-positive, KwaZulu-Natal Province,
South Africa, March—June 2015*

tox CRISPR-Cas
Age, Isolate Specimen gene system (no.
No. vy no. Diagnosis Vaccination statust  Outcome type Biotype Elek PCR ST spacers)
1 8 45903 Respiratory Incomplete (missed 18 Died Tonsillar mitis Pos Pos 378 I-E-a (33)
diphtheria  mo and 6 y boosters) swab
2 8 45236 Respiratory Incomplete (missed 18 Survived Throat swab mitis Pos Pos 378 I-E-a (33)
diphtheria. mo and 6 y boosters)
3t 9 45237 Respiratory Incomplete (missed 6 Survived  Throat and gravis Neg Neg 395 I-E-a(41),I-
diphtheria y booster) nasal swabs E-b (22)
45238 mitis Pos Pos 378 I-E-a (37)
4 31 45262 Cutaneous Unknown Survived  Groin swab gravis Neg Neg 395 I-E-a(28),I-
diphtheria E-b (21)
5 9 45902 Respiratory Unknown Survived Tracheal mitis Pos Pos 378 I-E-a (37)
diphtheria8 aspirate
6 5 45463 Respiratory Unknown Survived Tracheal gravis Pos Pos 378 I-E-a (37)
diphtheria§ aspirate
7 8 45461  Carrier§ Unknown Survived  Throat swab gravis Pos Pos 378 I-E-a (37)
8 1 45462  Carrier§ Unknown Survived  Throat swab mitis Pos Pos 378 I-E-a (37)
9 41 45464 Respiratory Unknown Died Throat swab mitis Pos Pos 378 I-E-a (33)
diphtheria
10 17 45465 Respiratory Incomplete (missed 12 Survived Throat swab mitis Pos Pos 378 I-E-a (37)
diphtheria y booster)
11 13 45466 Respiratory Incomplete (missed 18 Died Tonsillar mitis Pos Pos 378 I-E-a (37)
diphtheria mo, 6y, and 12y swab
boosters)
12 21 45785 Respiratory Unknown Survived  Throat and mitis Pos Pos 378 I-E-a (34)
diphtheria nasal swabs
13 6 45786  Carrierf Unknown Survived  Throat and mitis Pos Pos 378 I-E-a (33)
nasal swabs
14 11 45784 Probable Up-to-date Survived Throatand intermedius Neg Neg 395 |I-E-a(38),I-
diphtheria nasal swabs E-b (21)
15 11 45789  Carrier# Unknown Survived  Throat and mitis Pos Pos 378 I-E-a (31)
nasal swabs
16 9 45790  Carrier# Unknown Survived  Throat and mitis Pos Pos 378 I-E-a (31)
nasal swabs
17 11 45791  Carrier# Unknown Survived  Throat and mitis Pos Pos 378 I-E-a (31)
nasal swabs
18 10 45792  Carrier# Unknown Survived  Throat and gravis Neg Neg 395 I-E-a(42),I-
nasal swabs E-b (22)
19 13 45787 Respiratory Incomplete (missed 14 Survived Throat swab intermedius Pos Pos 378 I-E-a (35)
diphtheria**  wk,18 mo, and 6 y
boosters)
20 4 45788 Respiratory Up-to-date Survived Throat swab intermedius Pos Pos 378 I-E-a (35)

diphtheria**
*CRISPR, clustered, regularly interspaced, short palindromic repeats; DTaP, diphtheria, tetanus, and pertussis; neg, negative; pos, positive; ST,
sequence type
1tThe Expanded Programme on Immunization in South Africa recommends DTaP vaccination at 6 weeks, 10 weeks, and 14 weeks with a booster at 18
months, and a tetanus-diphtheria booster at 6 years and 12 years (https://www.health-e.org.za/wp-content/uploads/2014/02/South-Africa-EPI-vaccines-
revised-Oct-2010.pdf).
FTwo different genotypes were isolated from 1 patient during the same disease episode.
§Members of the same family.
fFamily member of a person who had respiratory diphtheria symptoms and died. The postmortem throat swab from this person was culture negative.
#Contact of patient 14.
**Members of the same family.

C. diphtheriae. Isolates from both these carriers were dis-
carded at the source laboratory, and no further characteriza-
tion of their isolates was possible.

Tox and dtxR Genes

PCR and whole-genome analysis confirmed the results of
the phenotypic Elek testing. In addition, all of the South
Africa isolates (both toxigenic and nontoxigenic) were
found to harbor an intact dtxR gene.

Emerging Infectious Diseases * www.cdc.gov/eid * Vol. 23, No. 8, August 2017

MLSTs and Population Structure

Atthetimeofthisanalysis, the C.diphtheriaePubMLST data-
base had records from 32 countries dating from 1948 through
2017, with C. diphtheriae isolates from France accounting
for 28% of submissions. Overall, the population snapshot
revealed a highly diverse population structure for C. diph-
theriae globally (Figure 1, https://wwwnc.cdc.gov/EID/
article/23/8/16-2039-F1.htm). The 25 South Africa iso-
lates (21 outbreak-associated and 4 historical) represented
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5 novel STs: ST-378 (n = 17), ST-395 (n = 5), ST-390 (n
= 1), ST-391 (n = 1), and ST-402 (n = 1). The toxigenic
outbreak strain from KwaZulu-Natal was ST-378 and the
nontoxigenic strain was unrelated ST-395. The 2 historical
isolates from the 1980s (both toxin negative) were ST-395
and unrelated ST-402. The toxin-negative isolates from the
endocarditis patients were ST-390 and ST-391 (Table 1),
each of which shares 4 of 7 alleles with ST-395.

Core-Genome Phylogeny

Consistent with MLST data, we identified 2 distinct lin-
eages among the KwaZulu-Natal outbreak isolates. The
17 toxigenic isolates (from 11 patients and 6 contacts)
clustered closely together on the whole-genome phyloge-
netic tree (Table 2; Figure 2). The second lineage con-
sisted of 5 toxin-negative ST-395 C. diphtheriae isolates:
the isolate from the cutaneous diphtheria patient (no. 4),
the isolate from the patient with probable diphtheria (no.

14), an isolate from a carrier (no. 18) linked to the patient
with probable diphtheria (no. 14), the nontoxigenic isolate
from the patient (no. 3) infected with 2 strains of C. diph-
theriae, and historical isolate 6853 (Table 1). Comparator
genomes from Malaysia (n = 2), Brazil (n = 1), and India
(n = 2) and the historical isolate 2337 from South Africa
were more closely related to the ST-378 lineage. Two ge-
nomes from Brazil (from nontoxigenic isolates) and the
UK genome (representative of the Russia outbreak strain)
were more closely related to the nontoxigenic ST-395 lin-
eage than to ST-378 (Figure 2; Table 1). The nontoxi-
genic endocarditis isolates were most closely related to
the ST-395 lineage.

CRISPR-Cas Diversity

All of the toxigenic ST-378 isolates harbored a type I-E-a
CRISPR-Cas system, with 5 different variants determined
by numbers of spacers (Table 2). The 2 carriers (nos. 7 and

Figure 2. Phylogenetic analysis of Corynebacterium diphtheriae isolates based on sequence type, KwaZulu-Natal Province, South
Africa, March—June 2015. Maximum likelihood phylogenetic tree demonstrating core-genome phylogeny among isolates from South
Africa (n = 25) relative to selected genomes (publicly available from GenBank) from other countries. Scale bar indicates nucleotide

substitutions per site. ST, sequence type.
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8) and 2 patients (nos. 5 and 6) that were from the same
family shared an identical CRISPR-Cas type: I-E-a (37
spacers). This specific variant was present in C. diphtheri-
ae from 3 other patients (nos. 3, 10, and 11). The remainder
of the ST-378 isolates harbored other type I-E-a variants.
Toxigenic C. diphtheriae from carriers from the same fam-
ily (nos. 15, 16, and 17) harbored identical type I-E-a (31
spacers) CRISPRs.

Toxin-negative ST-395 isolates harbored 2 CRISPR-Cas
systems, type I-E-a and type I-E-b, and each of the 4 isolates
had their own unique combination of variants. Historical iso-
late 6853 had CRISPR type I-E-a (12 spacers) and histori-
cal isolate 2337 had CRISPR type I-E-b (7 spacers), both of
which were unrelated to the KwaZulu-Natal isolates. Similar-
ly, C. diphtheriae from the 2 endocarditis patients had unique
CRISPR types I-E-a (47 spacers) and I-E-b (4 spacers).

Discussion

We describe the molecular epidemiology of C. diphtheriae
isolated from a cluster of respiratory diphtheria cases in
KwaZulu-Natal, South Africa, during the autumn and winter
months of 2015 (11). Suboptimal vaccination coverage rates
might have contributed to increased vulnerability of older
children and adults to C. diphtheriae infection, leading to
this localized cluster of cases. The KwaZulu-Natal outbreak
was caused by a single strain, with a novel ST that does not
currently belong to any known clonal complex. This toxi-
genic strain was unrelated to the nontoxigenic strain isolated
during this outbreak investigation from the carrier and pa-
tients with respiratory and cutaneous diphtheria. The strain
was also not related to the historical and non-outbreak-asso-
ciated isolates from South Africa or to any other documented
C. diphtheriae ST from elsewhere in the world.

Biotype does not appear associated with disease sever-
ity and is regarded as having limited utility in epidemiolog-
ic investigations because of poor discrimination and lack
of correlation with genotype (4,26). Nevertheless, a shift in
the predominant circulating biotype of C. diphtheriae was
demonstrated during a Russia outbreak (27,28). However,
of the 2 studies on the Russia outbreak, neither had genome
data available for comparison. In our investigation, no re-
lationship between biotype and genotype was evident. In
addition, no epidemiologic correlation with biotype was
apparent, as demonstrated by 4 members of the same fam-
ily being infected with identical C. diphtheriae genotypes
but having different biotypes (mitis and gravis).

MLST was consistent with core-genome phylogeny:
isolates of the same ST clustered together. In addition to the
MLST and core-genome phylogeny, analysis of the CRIS-
PR systems provided additional resolution between the 2
KwaZulu-Natal lineages and allowed a better understand-
ing of the transmission dynamics. Finding C. diphtheriae
with identical CRISPR variants among family members
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confirmed circulation and transmission of the same strain.
Sequence errors might have resulted in misclassification of
some variants that were not confirmed by another method or
repeat sequencing; nevertheless, a good depth of sequenc-
ing coverage together with other parameters validated the
quality of the reads and accuracy of base calling.

C. diphtheriae has been shown to exhibit a high de-
gree of genome plasticity (29), which was reflected by
the highly diverse global population (consisting of mostly
unrelated genotypes) seen with the STs from PubMLST.
Individual population snapshots by country reiterate this
heterogeneity, and many STs are unique to their respective
countries (data not shown). One dominant clone ST-42 and
its associated single and double-locus variants, which were
predominantly isolated in France, accounted for 7% of
C. diphtheriae isolates in PubMLST; however, the global
database is overrepresented by submissions from France
and, thus, might not accurately reflect the true population.
The MLST database includes a mixture of unrelated STs
from countries of North and West Africa, and Angola (the
geographically closest neighbor to South Africa for which
data were available) has reported a single ST-316 isolate.
None of the isolates from Africa share the same or related
STs as those identified in the outbreak we report. MLST
data for C. diphtheriae isolates collected over >20 years
(1992-2015) in Algeria showed most isolates were ST-116
(unrelated to any other ST in the PubMLST database), the
predominant ST circulating during the 1992-1999 epidem-
ic in that country (30). In later years, the population struc-
ture of C. diphtheriae in Algeria was more heterogeneous.

The South Africa outbreak-associated isolates repre-
sented 2 novel STs not previously reported or related to any
other PubMLST-listed ST in the global database. The lack
of data for C. diphtheriae from other countries in Africa
makes it difficult to speculate whether these strains were
imported from close neighboring countries or farther away,
or whether they are endemic to South Africa. Subsequent to
the 2015 cluster of cases in South Africa, we also reported
2 additional cases in May 2016 in the same region, and both
were ST-378.

During the KwaZulu-Natal outbreak, co-circulation
of the toxigenic and nontoxigenic genotypically unrelated
strains were noted during laboratory investigations. Both
genotypes (ST-378 and ST-395) were detected in patients
and carriers. In 1 case, 2 C. diphtheriae isolates (1 toxigen-
ic, 1 nontoxigenic) were detected from the same patient.
Because CRISPR analysis indicated that the nontoxigenic
isolate had a distinctive combination of CRISPR variants
not seen in any of the other isolates, the possibility of con-
tamination was excluded. We expect that disease in this
patient was caused by the toxigenic strain and not the non-
toxigenic strain. In 1 probable case, a person with symp-
toms clinically suggestive of diphtheria was infected with
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the nontoxigenic ST-395 strain but was epidemiologically
linked to 3 asymptomatic persons colonized with the ST-
378 toxigenic strain. In 1978, a similar phenomenon oc-
curred with a 25-year-old woman in Toronto; 3 different
C. diphtheriae variants exhibiting 2 different phage types
and a mixture of toxigenic and nontoxigenic isolates were
isolated from her throat (31). In our study, sampling and
testing methods might not have been sensitive enough to
detect all C. diphtheriae variants present. Laboratory work-
ers should be aware of the possibility of mixed C. diph-
theriae populations in a single person. Although mixtures
might be evident through differences in colony and micro-
scopic morphologies, molecular characterization might be
more sensitive in detecting such variants.

Cases of nontoxigenic and cutaneous C. diphtheriae
might not be clinically as important as toxigenic and respi-
ratory diphtheria and are not notifiable. However, skin le-
sions can serve as a reservoir of strains that are toxigenic or
strains that could potentially become toxigenic if the bac-
teria possess functional toxin repressor genes and become
infected with a tox gene-bearing lysogenic corynephage
(32,33). In addition, countries with high vaccination cover-
age have reported the emergence of invasive disease caused
by nontoxigenic C. diphtheriae, particularly in high-risk
groups such as persons who are homeless, persons who use
intravenous drugs or alcohol, persons with diabetes melli-
tus, and persons with dental caries (34-36). The South Af-
rica isolates from the 2015 KwaZulu-Natal outbreak were
not derived from a single lineage; 2 distinct genotypes were
identified within the community. The nontoxigenic lineage
has been in circulation for >30 years, verified by sequence
typing and close phylogenomic clustering of the archived
1980s isolate (6853) with the ST-395 KwaZulu-Natal out-
break-associated isolates. Because no respiratory or cutane-
ous diphtheria cases have been reported for several years in
South Africa, we have no baseline genotypic data regarding
the underlying population diversity, and hence, we are un-
able to track transmission patterns or changes in genotypes
over time. The nontoxigenic South Africa isolates in this
study all harbored dtxR genes, indicating the potential for
toxin production if lysogenized by a bacteriophage.

We identified 2 novel strains of C. diphtheriae in a
province of South Africa during an outbreak investiga-
tion occurring >30 years after diphtheria ceased to be a
public health concern. The absence of preexisting mo-
lecular sequence data limits conclusions pertaining to the
origin of these strains; however, these findings provide
baseline genotypic data for future cases and outbreaks
as well as information on transmission dynamics for the
2015 outbreak. A better understanding of the molecular
epidemiology of this pathogen might assist in directing
and strengthening public health interventions. Active and
passive surveillance for diphtheria and C. diphtheriae
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carriage is required locally and on the subcontinent, par-
ticularly in the context of suboptimal vaccination cover-
age, especially in older children. We are exploring the
idea of a serosurvey in South Africa among different age
groups, which might provide insight into the epidemiol-
ogy of diphtheria in this country.
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Clinical Laboratory Values as Early
Indicators of Ebola Virus Infection
INn Nonhuman Primates

Ronald B. Reisler, Chenggang Yu, Michael J. Donofrio, Travis K. Warren, Jay B. Wells,
Kelly S. Stuthman, Nicole L. Garza, Sean A. Vantongeren, Ginger C. Donnelly,
Christopher D. Kane, Mark G. Kortepeter, Sina Bavari, Anthony P. Cardile

The Ebola virus (EBOV) outbreak in West Africa during
2013-2016 demonstrated the need to improve Ebola virus
disease (EVD) diagnostics and standards of care. This ret-
rospective study compared laboratory values and clinical
features of 3 nonhuman primate models of lethal EVD to as-
sess associations with improved survival time. In addition,
the study identified laboratory values useful as predictors
of survival, surrogates for EBOV viral loads, and triggers
for initiation of therapeutic interventions in these nonhu-
man primate models. Furthermore, the data support that,
in nonhuman primates, the Makona strain of EBOV may be
less virulent than the Kikwit strain of EBOV. The applicability
of these findings as potential diagnostic and management
tools for EVD in humans warrants further investigation.

he Ebola virus (EBOV) outbreak in West Africa during

2013-2016 highlighted the need to improve Ebola virus
disease (EVD) diagnostics and standards of care (1). With
regard to standards of care and EVD outcomes, it is impor-
tant to explore potential factors associated with improved
survival. In previous epidemics, dating back to 1976, EVD
case fatality rates ranged from 47% to 90% (2). The Cen-
ters for Disease Control and Prevention (CDC) reported a
crude death rate of 40% (11,310 deaths/28,616 cases) when
including suspected, probable, and confirmed cases from the
West Africa outbreak; however, when only confirmed cases
were included, the EVD case fatality rate was 74% (11,310
deaths/15,227 cases), consistent with historical rates (1).

Analysis of the most recent EBOV epidemic and pre-
vious outbreaks has identified predictors associated with
decreased survival: high quantitative viral load (3-7); low
PCR cycle threshold (8-12); age (very young and very old)
(5,6,10,13-16); male sex (12,17); country of residence
(1,17); levels of D-dimer (18), aspartate aminotransfer-
ase (AST) (5,10,11), blood urea nitrogen (BUN) (5), and
serum creatinine (5,10); and clinical symptoms of diar-
rhea, pain, myalgia, hemorrhage, and difficulty breathing
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(10,12,15,19,20). Of the various EVD animal models that
have been developed, those using nonhuman primates
(NHPs) appear to most closely reproduce the known fea-
tures of lethal disease in humans. Herein, we summarize
and compare the clinical features and laboratory values of
3 NHP lethal models of EVD and explore features associ-
ated with early manifestations of infection and improved
survival. Similar to Janvier et al. (11), who recommended
the use of high AST levels in humans as a surrogate marker
of EBOV viral load and, therefore, disease detection and
survival, we explored whether NHP laboratory data would
lend support to the use of clinical laboratory values as pre-
dictors of survival and surrogates for EBOV viral loads.
Further analysis was conducted to determine if clinical
laboratory values could be used for indication of infection
with the goal of developing a standardized trigger for the
initiation of treatment in the NHP model.

Materials and Methods

Animal Use and Viral Challenge

The 30 NHPs described herein served as control animals in
larger therapeutic studies conducted in 2014 and 2015. We
retrospectively analyzed existing data from those studies. The
NHP experiments and tests for this study were performed
by the same researchers at the United States Army Medical
Research Institute of Infectious Diseases (USAMRIID; Fort
Detrick, Frederick, MD, USA), using the same institutional
standard operating procedures and processes, the same labora-
tory instruments, and the same standardized EBOV challenge
(1,000 PFU administered intramuscularly [IM]).

We collected blood samples from all 30 NHPs imme-
diately before virus challenge (day 0) and at 3, 5, and 7
days postinoculation (dpi). Methods for EBOV challenge
of the NHPs have been described in detail (21). In brief, we
first IM inoculated 18 rhesus macaques (Macaca mulatta; 3
groups of 6 animals, male and female, weighing 3.71-7.26
kg) with a target titer of 1,000 PFU of the Kikwit strain of
EBOV (EBOV Kikwit; back titration titer range 950-1,358
PFU). Next, we IM inoculated 6 cynomolgus macaques
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(M. fascicularis; male and female, weighing 3.49-7.33 kg)
with a target titer of 1,000 PFU of EBOV Kikwit (back titra-
tion titer 1,600 PFU). The EBOV Kikwit strain we used is
a USAMRIID stock virus, EBOV H.sapiens-tc/COD/1995/
Kikwit-9510621; this virus was primarily the 7U (7 uridy-
lyls) variant at the mRNA editing site. This challenge virus
was propagated from a clinical specimen by using cultured
cells for a total of 4 passages. Last, we IM inoculated 6
rhesus macaques (male and female, weighing 4.79-5.40
kg) with a target titer of 1,000 PFU (back titration titer 800
PFU) of the USAMRIID stock virus EBOV H.sapiens-tc/
LBR/2014/Makona (EBOV Makona); this virus was also
primarily the 7U variant at the mRNA editing site. This
challenge virus was propagated from a clinical specimen
by using cultured cells for a total of 2 passages.

We conducted all studies in Biosafety Level 4 contain-
ment. Beginning on day 0 and continuing for the duration
of the in-life phase, we recorded clinical observations and
closely monitored animals at least 3 times daily for disease
progression (22). According to protocol, we provided the
NHPs with basic support with regard to pain, oral hydra-
tion, and antimicrobial drugs. We administered antimi-
crobial drugs only if the facility veterinarian diagnosed a
secondary bacterial infection. Moribund animals were eu-
thanized on the basis of prespecified criteria (22).

Clinical Laboratory Samples

When possible, we processed and analyzed samples ob-
tained for analyses within 6 h of collection. We used a
Vitros 350 Chemistry System (Ortho Clinical Diagnostics,
Raritan, NJ, USA) to analyze serum chemistries; an Ad-
via 120 Hematology Analyzer (Siemens, Tarrytown, NY,
USA) with multispecies software to analyze hematology
parameters; and a Sysmex CA-1500 (Siemens) for coagu-
lation analyses. The samples yielded a panel of 46 routine
clinical laboratory values (21).

Viral RNA

We used quantitative real-time PCR (qQRT-PCR) to deter-
mine viral RNA copy numbers in plasma samples collected
at prespecified time points (21). No definition has been
established for high viral load in this qRT-PCR assay or
in NHP models of EVD. Thus, we used a value of 9 log,,
RNA copies/mL as a cutoff value for high versus low viral
load. The rationale for this cutoff was that the median vire-
mia value for the EBOV Kikwit-infected macaques at 5 dpi
and that for the EBOV Makona—infected macaques at 7 dpi
was ~9 log, , copies/mL.

Statistical Analysis

We performed univariate and multivariate regression mod-
eling of available demographic and laboratory data and
used Mann-Whitney U test and Fischer exact test, where

Emerging Infectious Diseases * www.cdc.gov/eid * Vol. 23, No. 8, August 2017

Laboratory Values and Ebola Virus Infection

appropriate, for the descriptive analyses. To assess the ef-
fect of variables on survival time (measured in hours), we
used linear and logistic regression models with Microsoft
Excel (Microsoft Corp, Redmond, WA, USA) and Stata 12
(StataCorp LLC, College Station, TX, USA). We used p
value thresholds of <0.05 for statistical tests and includ-
ed an adjusted p value of <0.001, based on a simplified
Bonferroni correction, for multiple comparisons (online
Technical Appendix Table 1, https://wwwnc.cdc.gov/EID/
article/23/8/17-0029-Techappl.pdf).

We used the receiver operating characteristic (ROC)
curve to illustrate a predictor’s performance in 2 metrics,
with 1 as a tradeoff of another (e.g., sensitivity and speci-
ficity); we obtained the ROC curve by varying the labora-
tory threshold values of a tested predictor. Using ROC area
under the curve (AUC), we evaluated the ability of routine
laboratory values (alone or in combination) and log,, plas-
ma viral load RNA concentrations obtained at 3, 5, or 7 dpi
to predict infection. The combinations of routine laboratory
values analyzed were chosen on the basis of the charac-
teristics of individual laboratory values, clinical relevance,
and likely access to the test in a field Ebola treatment unit.
Day 0 laboratory values were used as baseline values. Be-
cause blood samples for viral RNA assessment and routine
laboratory analysis were obtained before virus challenge,
day O values were used to represent uninfected animals.
Values obtained at 3, 5, and 7 dpi were used to represent
infected animals because all NHPs were experimentally
IM inoculated with EBOV (1,000 PFU target dose), and
plasma viral RNA was detected in a sample from at least 1
sampling event for all NHPs included in this analysis. As
part of this analysis, we combined the following variables:
AST; lactate dehydrogenase (LDH); C-reactive protein
(CRP); and the combination of AST, LDH, CRP, and he-
moglobin (Hgb). A combined variable C was defined as the
mean value of all normalized variables and v.:

v, was normalized by dividing the sum of its mean and stan-
dard deviation of baseline values (i.e., values on day 0). s, is
1 (or -1) for variables whose value increases (or decreases)
after infection. m is the number of independent variables
to be combined. Values of variable C were calculated for
each sample on each day (including day 0) after p, c,, and
s, were determined. We denote the 2 combined variables
as (AST+LDH+CRP) and (AST+LDH+CRP-Hgb) be-
cause AST, LDH, and CRP values increase after infection,
whereas Hgb decreases after infection.

Ethics Statement

Animal research at USAMRIID was conducted under an
Institutional Animal Care and Use Committee—approved
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protocol in compliance with the Animal Welfare Act, US
Public Health Service policy, and other federal statutes and
regulations relating to animals and experiments involving
animals. The facility where this research was conducted is
accredited by the Association for Assessment and Accredi-
tation of Laboratory Animal Care, International and ad-
heres to principles stated in the Guide for the Care and Use
of Laboratory Animals, National Research Council, 2011.

Results

Similarities and differences in baseline summary charac-
teristics of the 3 groups of NHPs are worth noting (Tables
1, 2) as well as similarities and differences in Kaplan—Mei-
er survival analysis (Figure 1). Median RNA viral loads
peaked in all 3 NHP groups at 7 dpi (Figure 2), but RNA
viral loads for some EBOV Kikwit—infected NHPs peaked
at 5 dpi. At each time point, viremia values ranged widely
between the 3 groups. The only significant differences be-
tween the NHP groups were at 3 dpi, when the EBOV Kik-
wit-infected rhesus macaques had higher mean log,, RNA
values (4.50 RNA copies/mL [range <3.0 to 6.54]) than the
EBOV Makona—-infected rhesus macaques, all of whom
had log,, RNA values below the limit of detection (<3.00
RNA copies/mL; p<0.001), and at 5 dpi, when the EBOV
Kikwit—infected rhesus macaques had higher mean log,
RNA values (8.94 RNA copies/mL [range 5.94 to 10.47])
than the EBOV Makona—-infected rhesus macaques (6.57
RNA copies/mL [range <3.0 to 9.33]; p<0.049).

In the EBOV Kikwit-infected rhesus macaques, the
median survival time was significantly different between
animals with high viral loads (214.6 h) and those with low
viral loads (148.0 h) (p = 0.013) (Figure 3). In general,
viral load correlated with survival time as early as 3 dpi
for EBOV Kikwit-infected rhesus macaques (r = 0.57; p
= 0.013); 5 dpi for EBOV Kikwit—infected cynomolgus

macaques (r = 0.75; p = 0.084); and 7 dpi for EBOV Ma-
kona—infected rhesus macaques (r = 0.90; p = 0.016).

EBOV Kikwit—Infected Rhesus Macaques versus

EBOV Makona-Infected Rhesus Macaques

Among rhesus macaques, survival time was longer for those
infected with EBOV Makona (337.5 hours) than those in-
fected with EBOV Kikwit (186.9 hours; p = 0.005) (Table
1). Clinical assessments showed significant differences be-
tween clinical disease progression in EBOV Kikwit—infect-
ed and EBOV Makona—infected NHPs at 5 and 7 dpi (Table
1). In addition, we found significant differences in laboratory
assessments at 5 and 7 dpi (Table 2). And, at 5 dpi, log, , plas-
ma concentrations of viral RNA were significantly higher
among EBOV Kikwit—infected rhesus macaques (8.94 RNA
copies/mL) than among EBOV Makona—infected rhesus ma-
caques (6.57 RNA copies/mL; p = 0.049).

EBOV Kikwit-Infected Rhesus Macaques versus

EBOV Kikwit—Infected Cynomolgus Macaques

We found no significant difference in survival time between
EBOV Kikwit—infected rhesus (186.9 hours) and cynomol-
gus (175.2 hours) macaques. In addition, at 5 and 7 dpi, we
found no significant difference in clinical findings between
these 2 groups (Table 1). However, there were subtle differ-
ences in laboratory values (Table 2). Compared with rhesus
macaques, cynomolgus macaques had worsened markers of
renal function at 7 dpi, as evidenced by mean laboratory val-
ues: BUN levels of 112.6 mg/dL for cynomolgus macaques
versus 58.7 mg/dL for rhesus macaques (p = 0.015); serum
creatinine levels of 24.3 mg/dL for cynomolgus macaques
versus 2.3 mg/dL for rhesus macaques (p = 0.037); and
serum potassium levels of 6.2 mEg/L for cynomolgus ma-
caques versus 4.2 meg/L for rhesus macaques. Furthermore,
at 7 dpi, mean platelet counts tended to be lower for rhesus

Table 1. Baseline characteristics and clinical data for 3 nonhuman primate models of lethal Ebola virus disease*

Models of infection

Rhesus macaque with

Cynomolgus macaque

Variable Kikwit strain, n = 18 Makona strain, n =6 p valuet  with Kikwit strain, n=6  p valuef
Baseline characteristic
Weight, kg 4.92 4.79 0.894 4.44 0.526
Age, y 3.94 3.49 0.575 4.92 0.107
Postchallenge clinical data
Survival time, h 186.9 3375 0.005 175.2 0.739
Clinical responsiveness score, d§
3 0 0 None 0 None
5 0.56 0 0.078 0.55 0.729
7 1.64 0.17 0.004 2.60 0.059
Presence of petechial rash, d 5.65 8.17 <0.001 5.17 0.265
Decreased food consumption, d 5.11 8.33 <0.001 4.67 0.178
Presence of anuria, d 6.43 8.20 0.008 6.40 0.500

*Data are means.

tFor rhesus macaque model with Ebola virus (EBOV) Kikwit strain vs. Makona strain. Bold indicates p<0.05.

FFor rhesus macaque model with EBOV Kikwit strain vs. cynomolgus macaque model with EBOV Kikwit strain.

§Clinical Responsiveness Score: 0 = active, 1 = decreased activity; 2 = mildly unresponsive (becomes active when approached), occasional prostration;
3 = moderate unresponsiveness (may require prodding to respond), weakness; 4 = moderate to severe unresponsiveness (requires prodding), moderate

prostration; 5 = moribund, severe unresponsiveness, pronounced prostration.
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Table 2. Results of selected laboratory tests for 3 nonhuman primate models at various days after challenge with EBOV*

Models of infection

Rhesus macaque with
Kikwit strain, mean (range), Makona strain, mean

Cynomolgus macaque with
Kikwit strain, mean (range),

Laboratory variable,

d n =18t (range),n =6 p valuet n==6 p value§
BUN, mg/dL

0 16.1 (11-22) 15.2 (10-19) 0.544 17.8 (16-23) 0.217

3 15.3 (11-20) 14.3 (8-19) 0.615 17.3 (13-21) 0.215

5 20.0 (10-39) 14.2 (10-17) 0.365 38.5 (15-116) 0.124

7 58.7 (11-108) 17.2 (11-24) 0.050 112.6 (58-135) 0.015
Creatinine, mg/dL

0 0.6 (0.5-0.8) 0.5 (0.5-0.6) 0.012 0.6 (0.5-0.9) 0.871

3 0.6 (0.5, 0.8) 0.5 (0.4-0.6) 0.030 0.6 (0.4-0.9) 0.662

5 1.1 (0.6-2.6) 0.6 (0.5-0.7) 0.005 1.8 (0.8-5.2) 0.094

7 2.3 (0.7-5.6) 0.8 (0.7-1.0) 0.055 24.3 (1.7 to >56.0) 0.037
AST, U/L

0 37.9 (22— 62) 35.8 (26— 53) 0.702 64.7 (37— 151) 0.192

3 49.4 (32, 74) 42.0 (31-57) 0.230 95.7 (47-145) 0.002

5 411.6 (46-1,716) 47.0 (33-56) 0.0011 423.2 (116-743) 0.386

7 991.4 (145-1,585) 244.5 (113-398) 0.009 1,626.6 (752 to >3,400) 0.624
ALT, U/L

0 32.1 (10-64) 17.5 (7-27) 0.009 53.8 (36-94) 0.078

3 45.2 (10-87) 25.0 (10-38) 0.009 60.2 (51-81) 0.028

5 137.2 (19-554) 29.0 (13-46) 0.008 87.8 (51-138) 0.790

7 299.4 (68-606) 67.2 (21-108) 0.016 610.0 (154-2,087) 0.955
CRP, mg/L

0 5.6 (0-20) 5.2 (5-6) 0.651 6.8 (4-11) 0.385

3 10.1 (5-31) 5.2 (5-6) 0.013 19.7 (8-59) 0.047

5 71.2 (43-83) 17.2 (6-44) <0.001f 73.8 (70-78) 0.764

7 59.5 (44-74) 57.3 (32-71) 0.960 48.2 (13-72) 0.533
LDH, IU/L

0 510.8 (366—679) 456.0 (390-537) 0.083 964.7 (653-1,267) 0.008

3 641.0 (381-829) 563.3 (454-775) 0.110 1,511.5 (894-2,532) <0.0011

5 3,897.2 (670 to >9,000) 700.8 (551-826) 0.001v 5,799.8 (1,667 to >9,000) 0.229

7 7,965.7 (1,531 t0 >9,000)  5,524.3 (1,562 to >9,000) 0.042 9,000 (>9,000 to >9,000) 0.353
CPK, U/L

o# 435.2 (55-915) 214.7 (84-395) 0.006 ND

3 507.3 (181-874) 557.0 (333-897) 0.594 ND

5 1,721.3 (183-5157) 494.5 (287-755) 0.014 ND

7 4,599.1(320 to >6,400) 2,459.3 (700-5,692) 0.065 ND
Platelets, x 103mm?

0 347.5 (240-502) 274.3 (220-318) 0.002 312.5 (278-373) 0.102

3 330.4 (223-557) 285.7 (244-330) 0.193 288.2 (237-352) 0.217

5 172.0 (91-303) 253.7 (199-286) 0.006 197.3 (144-312) 0.350

7 89.6 (34-161) 112.3 (26-191) 0.482 142.4 (106-195) 0.047
PT,s

0 11.2 (10.4-14.9) 11.4 (10.8-12.2) 0.374 10.6 (9.8-11.3) 0.010

3 10.7 (9.8-12.7) 10.9 (10.1-12.0) 0.365 10.4 (9.7-10.9) 0.545

5 13.9 (10.9-18.1) 10.4 (10.0-10.9) <0.0011 14.1 (12.6-17.1) 0.739

7 15.7 (12-19.6) 12.4 (11.7-13.8) 0.004 18.0 (14.6-22.8) 0.282
APTT, s

0 27.0 (24.5-32.0) 27.5 (26.8-29.6) 0.440 25.8 (24.4-27.5) 0.095

3 26.7 (23.8-31.5) 26.1 (25.0-28.5) 0.841 27.1 (25.0-32.9) 0.947

5 43.4 (31.5-62.6) 27.6 (24.7-31.8) <0.001f 41.2 (35.2-48.4) 0.571

7 60.4 (42.3-111.1) 41.9 (34.9-47.6) 0.012 62.5 (51.3-67.4) 0.532
AT, %

0 101.8 (85.8-116.9) 105.7 (90.5-121.6) 0.450 100.5 (92.0-118.6) 0.768

3 104.2 (76.0-127.3) 110.0 (98.8-119.8) 0.286 103.0 (92.8-115.3) 0.689

5 76.9 (55.5-100.9) 113.8 (103.1-129.2) <0.001f 73.5(70.4-83.3) 0.505

7 67.7 (38.5-94.8) 103.1 (95.5-116.0) <0.001q 49.4 (34.0-55.9) 0.031

*ALT, alanine aminotransferase; APTT, activated partial thromboplastin time; AST, aspartate aminotransferase; AT, antithrombin; BUN, blood urea
nitrogen; CPK, creatine phosphokinase; CRP, C-reactive protein; EBOV, Ebola virus; LDH, lactate dehydrogenase; ND, not done; PT, prothrombin time.
tResults for 6 macaques in the EBOV Kikwit strain group were previously reported as a mean difference from day 7 to day 0 (28).

FFor results for rhesus macaque model of infection with EBOV Kikwit strain vs. Makona strain. Bold indicates p<0.05.

§For rhesus macaque model with EBOV Kikwit strain vs. cynomolgus macaque model with EBOV Kikwit strain. Bold indicates p<0.05.

TAdjusted p value of <0.001, based upon a simplified Bonferroni correction for multiple comparisons.

#In the 24 nonhuman primates infected with EBOV for whom CPK values were analyzed, 16 (67%) had levels >5,000 U/L during the course of disease.
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Figure 1. Kaplan—Meier survival analysis for each of 3 nonhuman
primate models of Ebola virus disease: rhesus macaque model
with EBOV Kikwit strain (n = 18 monkeys); rhesus macaque model
with EBOV Makona strain (n = 6 monkeys); and cynomolgus
macaque model with EBOV Kikwit strain (n = 6 monkeys). Overall
comparison of the 3 Kaplan—Meier survival curves yielded a
statistically significant value (p = 0.007) using the Mantel-Cox log-
rank test. CN-Kikwit, cynomolgus macaque model of EBOV Kikwit
strain; EBOV, Ebola virus; RM-Kikwit, rhesus macaque model

of EBOV Kikwit strain; RM-Makona, rhesus macaque model of
EBOV Makona strain.

(89.6 x 103/mm3) than cynomolgus (142.4 x 10%/mm?3; p =
0.047) macaques (Table 2).

Regression Analyses for Predicting Viral Load from
Routine Laboratory Values

Due to small sample sizes, we limited our presentation of
regression analyses to the 18 EBOV Kikwit—infected rhe-
sus macaques. In a univariate regression model, log, ; plas-
ma concentrations of viral RNA correlated significantly
with survival time at peak viremia (5-7 dpi) and at 3, 5, and
7 dpi (online Technical Appendix). At 5 dpi, the following
laboratory values correlated significantly with time to death
and with plasma viral load: platelet counts; prothrombin
time; and levels of AST; alanine aminotransferase (ALT);
LDH; and creatine phosphokinase (CPK) (online Technical
Appendix). Similarly, LDH and CPK values at 7 dpi cor-
related significantly with time to death and with log, viral
RNA (online Technical Appendix).

ROC Curve Analyses for Assessing Clinical Laboratory
Values as Early Indicators of EBOV Infection

In the following datasets, ROC curve analysis yielded
the best available laboratory predictors as signs of EBOV
infection at 3, 5, and 7 dpi: log,, RNA, AST, ALT, CRP,
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LDH, CPK, and Hgb (online Technical Appendix Table 2).
log,, concentrations of viral RNA outperformed all other
individual laboratory values as a predictor of EBOV infec-
tion. However, ROC AUC values for log,; RNA were only
slightly better than those for LDH, CRP, and AST (online
Technical Appendix Table 2). In fact, when the 3 chemistries
were combined (AST+LDH+CRP), they performed almost
as well as log,; RNA values in all 3 NHP models. When
we compared the combined predictor AST+LDH+CRP-Hgb
with log,, RNA values at 3 dpi, it outperformed log,; RNA
in all 3 NHP models. For example, at 3 dpi in the EBOV
Kikwit-infected rhesus macaque model, ROC AUC was
0.83 for log,, RNA and 0.93 for the combined predictor
AST+LDH+CRP-Hgb.

Discussion

Unlike some other reports showing abnormal laboratory
values in NHP EVD models, we have presented our find-
ings in a systematic format concentrating on laboratory
values that we think reflect EVD pathogenesis, are easily
translatable to human disease, and are potentially available
in the human clinical setting. A better understanding of
EBOV NHP models will enhance characterization of the
disease and facilitate standardization of the models to sup-
port possible future vaccine and therapeutic drug submis-
sions under the Food and Drug Administration Animal Rule
(https://www.fda.gov/downloads/Drugs/GuidanceCompli-
anceRegulatoryInformation/Guidances/UCM399217.pdf).
Similar to what has been reported in human EVD (3-12),
our findings demonstrate that a lower plasma concentra-
tion of viral RNA predicted increased survival time in the 3
NHP models we assessed.

Marzi et al. (23) observed that disease progression
in EBOV Makona—-infected cynomolgus macaques was
delayed compared with that in cynomolgus macaques
infected with the EBOV Mayinga strain. Wong et al.
(24) compared infections with EBOV Kikwit with in-
fections with 2 different EBOV Makona strains in rhe-
sus macaques and found that the EBOV Makona strains
were either similar in virulence or more virulent than the
EBOV Kikwit strain they were using. We observed that
disease progression in EBOV Makona—infected rhesus
macaques was delayed compared with that in EBOV
Kikwit—infected rhesus macaques; the observation was
supported by viral load data, clinical assessments, and
laboratory values. This finding might suggest that, in
NHPs, the EBOV Makona strain we used is somewhat
less virulent than the EBOV Kikwit strain we used; al-
though, in rhesus macaques, 1,000 PFU of EBOV Ma-
kona still resulted in death among all untreated animals.
Data are insufficient to determine the relative patho-
genicity of EBOV Makona in comparison with that of
other EBOV strains. To make this determination, further
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Figure 2. log,, RNA level, by day after EBOV challenge, for
each of 3 nonhuman primate models of Ebola virus disease. Box
and whisker plots were created by using the available data for
each day. Boxes indicate range from 25th (bottom line) to 75th
(top line) percentiles; horizontal line within each box indicates
median; whiskers indicate entire range of values (maximum to
minimum). Dashed lines indicate limit of detection (LOD) (bottom
line, 3.0 log,, RNA copies/mL) and lower limit of quantification
(LLOQ) (top line, 5.0 log,, RNA copies/mL) for the assay. Values
below the LOD were assigned the value 3.0 log,, RNA copies/
mL; values between the LLOQ and the LOD were assigned the
actual measured value. CM-Kikwit, cynomolgus macaque model
of EBOV Kikwit strain; EBOV, Ebola virus; RM-Kikwit, rhesus
macaque model of EBOV Kikwit strain; RM-Makona, rhesus
macaque model of EBOV Makona strain.

studies are needed, taking into consideration different
EBOQV strains and quasispecies.

The difference in survival time between EBOV Kik-
wit—infected rhesus and cynomolgus macaques (11.7
hours) was not significant; rhesus macaques survived lon-
ger. Of interest, at 7 dpi, cynomolgus macaques demon-
strated increased impairment of renal function (as deter-
mined by BUN and creatinine levels) compared with that
for rhesus macaques. This finding does not appear to be
associated with a significant observable difference in oral
fluid consumption between the animals, and the pathogen-
esis merits further study.

The search for reliable biomarkers for early diagnosis
of EBOV infection and predictors of survival has been a
high priority (25,26), but reverse transcription PCR (RT-
PCR) remains the reference standard for EVD diagnosis
(27). ROC analysis demonstrated that, in all 3 NHP mod-
els, qRT-PCR outperformed all individual laboratory val-
ues with regard to EVD confirmation. It is noteworthy that
the combination of AST+LDH+CRP-Hgb values outper-
formed qRT-PCR as a laboratory sign of Ebola virus infec-
tion at 3 dpi in all 3 NHP models. This could be an impor-
tant finding and potentially serve as a trigger to treat NHPs
in therapeutic studies of IM administered EBOV Kikwit.

Currently, there are no standardized triggers for the ini-
tiation of treatment of EBOV-infected NHPs in therapeutics
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studies. Various time points after virus exposure have been
used for therapeutics initiation in NHP models of EBOV in-
fection (28-30). One study used a positive RT-PCR result plus
documented fever of >1.5°C above baseline for 1 hour as a
prespecified trigger to treat (31). However, it is logistically
difficult to obtain timely PCR results in a Biosafety Level 4
laboratory (especially for a large study), and implantation of
a telemetry device would be required for optimal fever detec-
tion. Thus, standard clinical laboratory values may be a more
practical trigger to treat. For example, a calculator (spread-
sheet or smartphone application) could be developed to calcu-
late a combined variable value (e.g., AST+LDH+CRP-Hgb)
from clinical laboratory values. This approach would be simi-
lar to a disease severity smartphone application advocated by
Colubri et al. (32) for use with human EBOV patients. Once
the threshold laboratory value is reached or exceeded, the
therapeutic could be initiated. We intend to conduct a follow-
up ROC AUC analysis with a larger sample size to further
validate and optimize these preliminary findings.

Our finding that, in lieu of viral load, laboratory values
at 5 dpi could potentially predict survival duration is not
entirely surprising given that Warren et al. (28) published
NHP data that showed the course of EBOV viral load is
mirrored by the course of clinical chemistries in the setting
of successful EVD treatment using the nucleotide prodrug
GS-5734. Although it has been shown that AST levels can
predict survival in EBOV-infected humans (5,10,11), we
found that LDH may be a better predictor of survival time
in NHP models using IM administered EBOV. In all 3 mod-
els in our study, LDH and viral load significantly increased
at 5 dpi in EBOV Kikwit-infected rhesus and cynomolgus
macaques and at 7 dpi in EBOV Makona—infected rhesus
macaques. In the EBOV Kikwit-infected rhesus macaque
model, LDH values at 5 dpi correlated with viral load and
survival time at 5 dpi. Incidentally, LDH has been shown to
correlate with survival time in humans with Crimean-Con-
go hemorrhagic fever, severe fever with thrombocytopenia
syndrome, and Dengue virus infection (33-36).

LDH is abundant in the cytoplasm of all human cells
and helps catalyze the conversion of pyruvate to lactate,
the last step of glycolysis (37). Markedly elevated levels of
LDH are often seen in association with cardiogenic shock;
hepatic ischemia or necrosis; and intestinal and/or mes-
enteric ischemia or necrosis (36,38). However, no signs
of cardiogenic shock, severe chemical transaminitis cor-
responding to hepatic ischemia or necrosis, or severe he-
molysis were observed at 5 dpi in EBOV Kikwit-infected
NHPs or at 7 dpi in EBOV Makona—infected NHPs. One
possibility is that the NHPs were experiencing either in-
testinal and/or mesenteric ischemia or necrosis, conditions
that have been seen in other viral infections (39,40) and
which may, as postulated by Lynn (41), precipitate late
Ebola sepsis-like syndrome.
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Figure 3. Survival curves, stratified by high (>9 log,, RNA copies/mL) and low (<9 log,, RNA copies/mL) viral loads, for each of 3
nonhuman primate models of Ebola virus disease. A) Comparison of survival on postinoculation day 5 for rhesus macaques infected
with the Kikwit strain of Ebola virus (EBOV). Median survival time was 148.0 hours for macaques with high viral loads (n = 9) and 214.6
hours for macaques with low viral loads (n = 9). Comparison of the 2 survival curves yielded a statistically significant value (p = 0.010

by Mantel-Cox log-rank test). B) Comparison of survival on postinoculation day 7 for rhesus macaques infected with the Makona strain
of EBOV. Median survival time was 217.7 hours for macaques with high viral loads (n = 3) and 540.4 hours for macaques with low viral
loads (n = 3). Comparison of the 2 survival curves yielded a statistically significant value (p = 0.025 by Mantel-Cox log-rank test). C)
Comparison of survival on postinoculation day 5 for cynomolgus macaques infected with the Kikwit strain of EBOV. Median survival time
was 170.6 hours for macaques with high viral loads (n = 4) and 195.0 hours for macaques with low viral loads (n = 2). Comparison of the
2 survival curves yielded a nearly statistically significant value (p = 0.074 by Gehan—Breslow—Wilcoxon test).

Kortepeter et al. (42) reported that, in a rhesus macaque
model, animals lethally challenged with EBOV Kikwit ex-
perienced a rapid increase in plasma viral RNA beginning
at 4 dpi and a rapid increase in serum lactate beginning at
7 dpi. In humans, serum lactate levels have been shown to
correlate with serum LDH levels (43), and both have inde-
pendently been associated with death (44-47). Thus, fur-
ther study is needed of lactate and LDH levels in humans
and NHPs with EVD.

A key caveat to our analysis is that our data reflect a ret-
rospective analysis of NHPs used as controls in 5 different
studies of IM administered EBOV. The trajectory of early
increases in clinical laboratory values, especially CPK and
LDH, could be affected by the IM route of EBOV adminis-
tration. However, Johnson et al. (48) reported similar early
increases in LDH and CPK in rhesus macaques in an aerosol
model of EBOV Zaire infection. In future analyses, we in-
tend to explore how the route of EBOV administration affects
changes in clinical laboratory values. Another limitation to
this analysis is that survival time was determined to be time
to euthanasia. The strict adherence to the USAMRIID eutha-
nasia criteria, in the setting of 3 clinical assessments daily,
supports the supposition that time to euthanasia approximates
time to death. Another limitation is that, in this dataset, all
animals died, so we were only able to look at survival time.
Therefore, we were unable to derive odds ratios for individual
variables to assess predictors of death. Future analyses of da-
tasets that include NHPs that survived EBOV infection, with
or without treatment with a therapeutic product, will be useful
to identify such predictors. Although our analysis included a
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large number of NHPs (N = 30), we also acknowledge that
this retrospective analysis was primarily hypothesis-generat-
ing and that there were no prespecified hypotheses. We used
p value thresholds of <0.05 for our statistical tests and includ-
ed an adjusted p value of <0.001 on the basis of a simplified
Bonferroni correction for multiple comparisons.

Much can be learned from a critical analysis of EBOV
NHP models. Our data support the finding that the virulence
of the EBOV Makona strain used in our study may be de-
creased as compared to that of the EBOV Kikwit strain we
used. We did not find a statistically significant difference in
survival time when comparing rhesus to cynomolgus ma-
caques in the EBOV Kikwit model, although there were
subtle differences in some of the laboratory values. In addi-
tion, our data support EBOV studies in humans that indicate
basic laboratory values could potentially be used as surro-
gate markers for viral load and, thus, disease detection and
survival. However, validation of this approach in the human
clinical setting would also require a comparison with clinical
laboratory values associated with endemic diseases present
in a given geographic area, such as malaria, rickettsial ill-
nesses, and diseases caused by other hemorrhagic fever vi-
ruses. In addition, a combined score of AST, LDH, CRP, and
Hgb values could be further evaluated as a trigger to treat
NHPs in therapeutics studies of IM administered EBOV.
Further work in the NHP model of EVD with regard to clini-
cal and laboratory markers would ideally lead to improve-
ments in predicting survival time in EBOV-infected NHPs
and enhancements in the treatment of disease in NHPs, with
potential applicability to the management of human EVD.

Emerging Infectious Diseases ¢ www.cdc.gov/eid ¢ Vol. 23, No. 8, August 2017



Dr. Reisler is a lead clinical research contract physician

in the Division of Medicine at USAMRIID. His current
areas of research interest are biothreat agent research, animal
models, vaccine development, and development of
therapeutic interventions.

References
1. Centers for Disease Control and Prevention. 2014 Ebola outbreak in
West Africa—case counts [cited 2016 Dec 5]. https://www.cdc.gov/
vhf/ebola/outbreaks/2014-west-africa/case-counts.html
2. Kortepeter MG, Bausch DG, Bray M. Basic clinical and laboratory
features of filoviral hemorrhagic fever. J Infect Dis. 2011;204
(Suppl 3):S810-6. http://dx.doi.org/10.1093/infdis/jir299
3. Faye O, Andronico A, Faye O, Salje H, Boélle PY, Magassouba N,
et al. Use of viremia to evaluate the baseline case fatality
ratio of Ebola virus disease and inform treatment studies: a
retrospective cohort study. PLoS Med. 2015;12:61001908.
http://dx.doi.org/10.1371/journal.pmed.1001908
4. Towner JS, Rollin PE, Bausch DG, Sanchez A, Crary SM,
Vincent M, et al. Rapid diagnosis of Ebola hemorrhagic fever by
reverse transcription-PCR in an outbreak setting and assessment of
patient viral load as a predictor of outcome. J Virol. 2004;78:4330—
41. http://dx.doi.org/10.1128/JV1.78.8.4330-4341.2004
5. Schieffelin JS, Shaffer JG, Goba A, Gbakie M, Gire SK, Colubri A,
etal.; KGH Lassa Fever Program; Viral Hemorrhagic Fever
Consortium; WHO Clinical Response Team. Clinical illness and
outcomes in patients with Ebola in Sierra Leone. N Engl J Med.
2014;371:2092-100. http://dx.doi.org/10.1056/NEJM0al1411680
6. de La Vega M-A, Caleo G, Audet J, Qiu X, Kozak RA, Brooks JI,
et al. Ebola viral load at diagnosis associates with patient outcome
and outbreak evolution. J Clin Invest. 2015;125:4421-8.
http://dx.doi.org/10.1172/JC183162
7. Lanini S, Portella G, Vairo F, Kobinger GP, Pesenti A, Langer M,
et al.; INMI-EMERGENCY EBOV Sierra Leone Study Group.
Blood kinetics of Ebola virus in survivors and nonsurvivors. J Clin
Invest. 2015;125:4692-8. http://dx.doi.org/10.1172/JCI183111
8. Crowe SJ, Maenner MJ, Kuah S, Erickson BR, Coffee M, Knust B,
et al. Prognostic indicators for Ebola patient survival. Emerg Infect
Dis. 2016;22:217-23. http://dx.doi.org/10.3201/eid2202.151250
9. Fitzpatrick G, Vogt F, Moi Ghabai OB, Decroo T, Keane M,
De Clerck H, et al. The contribution of Ebola viral load at
admission and other patient characteristics to mortality in a
Médecins Sans Frontiéres Ebola case management centre,
Kailahun, Sierra Leone, June-October 2014. J Infect Dis.
2015;212:1752-8. http://dx.doi.org/10.1093/infdis/jiv304
10. Hunt L, Gupta-Wright A, Simms V, Tamba F, Knott V, Tamba K,
et al. Clinical presentation, biochemical, and haematological
parameters and their association with outcome in patients with Ebola
virus disease: an observational cohort study. Lancet Infect Dis.
2015;15:1292-9. http://dx.doi.org/10.1016/S1473-3099(15)00144-9
11. Janvier F, Foissaud V, Cotte J; Healthcare Workers Ebola Treatment
Center Medical Team; Aletti M, Savini H, Cordier PY, et al.
Monitoring of prognostic laboratory markers in Ebola virus disease.
J Infect Dis. 2016;213:1049. http://dx.doi.org/10.1093/infdis/jiv546
12. Haaskjold YL, Bolkan HA, Krogh K@, Jongopi J, Lundeby KM,
Mellesmo S, et al. Clinical features of and risk factors for fatal
Ebola virus disease, Moyamba District, Sierra Leone, December
2014-February 2015. Emerg Infect Dis. 2016;22:1537-44.
http://dx.doi.org/10.3201/eid2209.151621
13. XuZ,Jin B, Teng G, Rong Y, Sun L, Zhang J, et al. Epidemiologic
characteristics, clinical manifestations, and risk factors of 139
patients with Ebola virus disease in western Sierra Leone.
Am J Infect Control. 2016;44:1285-90. http://dx.doi.org/10.1016/
j.ajic.2016.04.216

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Laboratory Values and Ebola Virus Infection

Wong JY, Zhang W, Kargbo D, Haque U, Hu W, Wu P, et al.
Assessment of the severity of Ebola virus disease in Sierra

Leone in 2014-2015. Epidemiol Infect. 2016;144:1473-81.
http://dx.doi.org/10.1017/S0950268815003003

Qin E, BiJ, Zhao M, Wang Y, Guo T, Yan T, et al. Clinical features
of patients with Ebola virus disease in Sierra Leone. Clin Infect
Dis. 2015;61:491-5. http://dx.doi.org/10.1093/cid/civ319

Sadek RF, Khan AS, Stevens G, Peters CJ, Ksiazek TG. Ebola
hemorrhagic fever, Democratic Republic of the Congo, 1995:
determinants of survival. J Infect Dis. 1999;179(Suppl 1):S24-7.
http://dx.doi.org/10.1086/514311

WHO Ebola Response Team; Agua-Agum J, Ariyarajah A,

Blake IM, Cori A, Donnelly CA, Dorigatti I, et al.. Ebola virus
disease among male and female persons in West Africa. N Engl J
Med. 2016;374:96-8. http://dx.doi.org/10.1056/NEJMc1510305
Rollin PE, Bausch DG, Sanchez A. Blood chemistry measurements
and D-dimer levels associated with fatal and nonfatal outcomes in
humans infected with Sudan Ebola virus. J Infect Dis. 2007;
196(Suppl 2):S364-71. http://dx.doi.org/10.1086/520613

Barry M, Touré A, Traoré FA, Sako FB, Sylla D, Kpamy DO, et al.
Clinical predictors of mortality in patients with Ebola virus disease.
Clin Infect Dis. 2015;60:1821-4. http://dx.doi.org/10.1093/cid/
civ202

Barry M, Traoré FA, Sako FB, Kpamy DO, Bah El, Poncin M,

et al. Ebola outbreak in Conakry, Guinea: epidemiological,
clinical, and outcome features. Med Mal Infect. 2014;44:491-4.
http://dx.doi.org/10.1016/j.medmal.2014.09.009

Martins K, Cooper C, Warren T, Wells J, Bell T, Raymond J,

et al. Characterization of clinical and immunological parameters
during Ebola virus infection of rhesus macaques. Viral Immunol.
2015;28:32-41. http://dx.doi.org/10.1089/vim.2014.0085

Warren TK, Trefry JC, Marko ST, Chance TB, Wells JB, Pratt WD,
et al. Euthanasia assessment in Ebola virus infected nonhuman
primates. Viruses. 2014;6:4666—-82. http://dx.doi.org/10.3390/
v6114666

Marzi A, Feldmann F, Hanley PW, Scott DP, Glinther S,

Feldmann H. Delayed disease progression in cynomolgus
macaques infected with Ebola virus Makona strain.

Emerg Infect Dis. 2015;21:1777-83. http://dx.doi.org/10.3201/
id2110.150259

Wong G, Qiu X, de La Vega MA, Fernando L, Wei H, Bello A,

et al. Pathogenicity comparison between the Kikwit and Makona
Ebola virus variants in rhesus macaques. J Infect Dis. 2016;214
(Suppl 3):S281-9. http://dx.doi.org/10.1093/infdis/jiw267
McElroy AK, Spiropoulou CF. Biomarkers for understanding
Ebola virus disease. Biomarkers Med. 2014;8:1053-6.
http://dx.doi.org/10.2217/bmm.14.75

Villinger F, Rollin PE, Brar SS, Chikkala NF, Winter J,

Sundstrom JB, et al. Markedly elevated levels of interferon (IFN)-y,
IFN-a,, interleukin (IL)-2, IL-10, and tumor necrosis factor-o
associated with fatal Ebola virus infection. J Infect Dis. 1999;
179(Suppl 1):S188-91. http://dx.doi.org/10.1086/514283

Leroy EM, Baize S, Lu CY, McCormick JB, Georges AJ,
Georges-Courbot MC, et al. Diagnosis of Ebola haemorrhagic
fever by RT-PCR in an epidemic setting. J Med Virol. 2000;60:463-7.
http://dx.doi.org/10.1002/(SIC1)1096-9071(200004)60:4<463::
AID-JIMV15>3.0.CO;2-M

Warren TK, Jordan R, Lo MK, Ray AS, Mackman RL, Soloveva V,
et al. Therapeutic efficacy of the small molecule GS-5734 against
Ebola virus in rhesus monkeys. Nature. 2016;531:381-5.
http://dx.doi.org/10.1038/nature17180

Geisbert TW, Lee AC, Robbins M, Geisbert JB, Honko AN,

Sood V, et al. Postexposure protection of non-human primates
against a lethal Ebola virus challenge with RNA interference:

a proof-of-concept study. Lancet. 2010;375:1896-905.
http://dx.doi.org/ 10.1016/S0140-6736(10)60357-1

Emerging Infectious Diseases * www.cdc.gov/eid * Vol. 23, No. 8, August 2017 1323



RESEARCH

30. Qiu X, Wong G, Audet J, Bello A, Fernando L, Alimonti JB, et al. 40. de Villiers FPR, Driessen M. Clinical neonatal rotavirus infec-
Reversion of advanced Ebola virus disease in nonhuman primates tion: association with necrotising enterocolitis. S Afr Med J.
with ZMapp. Nature. 2014;514:47-53. 2012;102:620-4. http://dx.doi.org/10.7196/SAMJ.5150

31. Pettitt J, Zeitlin L, Kim DH, Working C, Johnson JC, Bohorov O, 41. Lynn LA. Combined endothelial and epithelial barrier disruption
et al. Therapeutic intervention of Ebola virus infection in rhesus of the colon may be a contributing factor to the Ebola sepsis-like
macaques with the MB-003 monoclonal antibody cocktail. syndrome. Patient Saf Surg. 2015;9:1. http://dx.doi.org/10.1186/
Sci Transl Med. 2013;5:199ra113. http://dx.doi.org/10.1126/ 513037-014-0048-z
scitransimed.3006608 42. Kortepeter MG, Lawler JV, Honko A, Bray M, Johnson JC,

32. Colubri A, Silver T, Fradet T, Retzepi K, Fry B, Sabeti P. Purcell BK, et al. Real-time monitoring of cardiovascular function
Transforming clinical data into actionable prognosis models: in rhesus macaques infected with Zaire ebolavirus. J Infect Dis.
machine-learning framework and field-deployable app to 2011;204(Suppl 3):51000-10. http://dx.doi.org/10.1093/infdis/jir337
predict outcome of Ebola patients. PLoS Negl Trop Dis. 43. Zein JG, Lee GL, Tawk M, Dabaja M, Kinasewitz GT.
2016;10:0004549. http://dx.doi.org/10.1371/journal.pntd.0004549 Prognostic significance of elevated serum lactate dehydrogenase

33. Hasanoglu I, Guner R, Carhan A, Kocak Tufan Z, (LDH) in patients with severe sepsis. Chest. 2004;126
Yagci-Caglayik D, Guven T, et al. Crucial parameter of the (4_Meeting Abstracts):873S. http://doi.org/10.1378/chest.126.4_
outcome in Crimean Congo hemorrhagic fever: Viral load. J Clin MeetingAbstracts.873S
Virol. 2016;75:42-6. http://dx.doi.org/10.1016/j.jcv.2015.12.006 44. Kruse O, Grunnet N, Barfod C. Blood lactate as a predictor for

34. Ozturk B, Tutuncu E, Kuscu F, Gurbuz Y, Sencan I, Tuzun H. in-hospital mortality in patients admitted acutely to hospital:
Evaluation of factors predictive of the prognosis in Crimean-Congo a systematic review. Scand J Trauma Resusc Emerg Med.
hemorrhagic fever: new suggestions. Int J Infect Dis. 2012;16:89— 2011;19:74. http://dx.doi.org/10.1186/1757-7241-19-74
93. http://dx.doi.org/10.1016/].ijid.2011.06.005 45.  Vincent JL, Quintairos E Silva A, Couto L Jr, Taccone FS.

35. Gai ZT, Zhang Y, Liang MF, Jin C, Zhang S, Zhu CB, et al. The value of blood lactate kinetics in critically ill patients: a
Clinical progress and risk factors for death in severe fever with systematic review. Crit Care. 2016;20:257. http://dx.doi.org/
thrombocytopenia syndrome patients. J Infect Dis. 2012;206:1095— 10.1186/s13054-016-1403-5
102. http://dx.doi.org/10.1093/infdis/jis472 46. Duman A, Akoz A, Kapci M, Ture M, Orun S, Karaman K, et al.

36. Sirikutt P, Kalayanarooj S. Serum lactate and lactate dehydrogenase Prognostic value of neglected biomarker in sepsis patients with
as parameters for the prediction of dengue severity. J Med Assoc the old and new criteria: predictive role of lactate dehydrogenase.
Thai. 2014;97(Suppl 6):S220-31. Am J Emerg Med. 2016;34:2167-71. http://dx.doi.org/10.1016/

37. Adeva-Andany M, Lopez-Ojén M, Funcasta-Calderon R, J.ajem.2016.06.012
Ameneiros-Rodriguez E, Donapetry-Garcia C, Vila-Altesor M, 47. Erez A, Shental O, Tchebiner JZ, Laufer-Perl M, Wasserman A,
et al. Comprehensive review on lactate metabolism in Sella T, et al. Diagnostic and prognostic value of very high serum
human health. Mitochondrion. 2014;17:76-100. lactate dehydrogenase in admitted medical patients. Isr Med Assoc
http://dx.doi.org/10.1016/j.mit0.2014.05.007 J. 2014;16:439-43.

38. Guzman-de la Garza FJ, Ibarra-Hernandez JM, Cordero-Pérez P, 48. Johnson E, Jaax N, White J, Jahrling P. Lethal experimental infec-

Villegas-Quintero P, Villarreal-Ovalle CI, Torres-Gonzalez L,
et al. Temporal relationship of serum markers and tissue damage
during acute intestinal ischemia/reperfusion. Clinics (Sao Paulo).
2013;68:1034-8. http://dx.doi.org/10.6061/clinics/2013(07)23
39. Yasuda H, Okita Y, Imaoka H, Fujikawa H, Ohi M, Araki T, et al.
Intestinal necrosis due to norovirus enteritis. Clin J
Gastroenterol. 2015;8:10-3. http://dx.doi.org/10.1007/
512328-014-0540-0

tions of rhesus monkeys by aerosolized Ebola virus. Int J Exp
Pathol. 1995;76:227-36.

Address for correspondence: Anthony P. Cardile, United States Army
Medical Research Institute of Infectious Diseases, 1425 Porter St,
Rm 529, Fort Detrick, Frederick, MD 21702, USA; email:
anthony.p.cardile.mil@mail.mil

EID SPOTLIGHT TOPIC

Ebola, previously known as Ebola hemorrhagic fever, is a rare
and deadly disease caused by infection with one of the Ebola virus
strains. Ebola can cause disease in humans and nonhuman primates
(monkeys, gorillas, and chimpanzees).

Ebola is caused by infection with a virus of the family Filoviridae, genus
Ebolavirus. There are five identified Ebola virus species, four of which are
known to cause disease in humans. Ebola viruses are found in several
African countries; they were first discovered in 1976 near the Ebola
River in what is now the Democratic Republic of the Congo. Before the
current outbreak, Ebola had appeared sporadically in Africa.

The natural reservoir host of Ebola virus remains unknown. However,
on the basis of evidence and the nature of similar viruses, researchers a
believe that the virus is animal-borne and that bats are the most likely

reservoir. Four of the five virus strains occur in an animal host native
to Africa.

leii%%l(\l)gs DISEASEs  http://wwwnc.cdc.gov/eid/page/ebola-spotlight
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Maguari Virus Associated
with Human Disease

Allison Groseth, Veronica Vine, Carla Weisend, Carolina Guevara, Douglas Watts,!
Brandy Russell, Robert B. Tesh, Hideki Ebihara

Despite the lack of evidence for symptomatic human infection
with Maguari virus (MAGV), its close relation to Cache Valley
virus (CVV), which does infect humans, remains a concern.
We sequenced the complete genome of a MAGV-like iso-
late (OBS6657) obtained from a febrile patient in Pucallpa,
Ucayali, Peru, in 1998. To facilitate its classification, we gen-
erated additional full-length sequences for the MAGV proto-
type strain, 3 additional MAGV-like isolates, and the closely
related CVV (7 strains), Tlacotalpan (1 strain), Playas (3
strains), and Fort Sherman (1 strain) viruses. The OBS6657
isolate is similar to the MAGV prototype, whereas 2 of the
other MAGV-like isolates are located on a distinct branch and
most likely warrant classification as a separate virus species
and 1 is, in fact, a misclassified CVV strain. Our findings pro-
vide clear evidence that MAGV can cause human disease.

M aguari virus (MAGV) was first isolated from a mixed
pool of mosquitoes collected in Utinga forest in Bra-
zil in 1957 and has since been isolated from a variety of
mosquito species (including Aedes spp., Anopheles spp.,
Culex spp., Wyeomyia spp., and Psorophora spp.) in Ec-
uador, Brazil, Trinidad and Tobago, Colombia, Argentina,
and French Guiana (1). MAGYV also has been isolated from
horses in Guyana and Colombia (2,3) and from sentinel
mice in Brazil (1), with further serologic evidence for in-
fection with MAGV-like viruses in cattle, water buffalo,
sheep, and birds (1). However, there had been no clear evi-
dence of symptomatic human infection with MAGV.

In 2015, an orthobunyavirus isolate from a patient
with febrile illness that had been tentatively classified as
MAGYV on the basis of serologic reactivity by indirect
immunofluorescence test was shown instead to be a new
Caraparu (Group C) reassortant, for which the name Itaya
virus has been proposed (4). However, serologic evidence

Author affiliations: Friedrich-Loeffler-Institut, Greifswald—Insel
Riems, Germany (A. Groseth); National Institutes of Health,
Hamilton Montana, USA (A. Groseth, V. Vine, C. Weisend,

H. Ebihara); US Naval Medical Research Unit 6, Lima, Peru

(C. Guevara, D. Watts); Centers for Disease Control and
Prevention, Ft. Collins, Colorado, USA (B. Russell); University of
Texas Medical Branch, Galveston, Texas, USA (R.B. Tesh); Mayo
Clinic, Rochester, Minnesota, USA (H. Ebihara)

DOI: https://doi.org/10.3201/eid2308.161254

Emerging Infectious Diseases * www.cdc.gov/eid * Vol. 23, No. 8, August 2017

of infection with MAGV-like viruses in humans has been
reported in Argentina, Brazil, Peru, Colombia, and French
Guiana (1,5,6). Furthermore, MAGYV is considered a sub-
type of Cache Valley virus (CVV), which sometimes
causes symptomatic human infection (7-9), reinforcing
lingering concerns about the possible pathogenicity of
MAGYV for humans.

Given that cross-reactivity among bunyaviruses when
using serologic techniques is not uncommon, their iden-
tification has increasingly involved incorporating genetic
approaches to characterize these virus isolates. Such se-
rologic cross-reactivity appears particularly to be an issue
with MAGV, which was originally reported as CVV, and
also shows cross-reactivity to other closely related viruses
(1). Therefore, to clarify the genetic relationship between
MAGV or MAGV-like viruses and the closely related
CVV, as well as their association with acute human dis-
ease, we determined the complete genome sequences for
all available MAGYV isolates and conducted a comprehen-
sive sequencing analysis of several full-length reference se-
quences for CVV strains and available strains of the closely
related Tlacotalpan virus (TLAV), Playas virus (PLAV),
and Fort Sherman virus (FSV) to facilitate the reliable clas-
sification of these and related virus isolates.

Materials and Methods

Viruses

We obtained 4 isolates identified as MAGV (including the
prototype strain BeAr7272), spanning 1957-1998 and origi-
nating from 3 of the 7 countries from which the virus has
been isolated (Colombia, Brazil, and Argentina) (Figure 1).
Isolates were obtained from the World Reference Center for
Emerging Viruses and Arboviruses (WRCEVA) or the Divi-
sion of Vector-Borne Diseases, National Center for Emerg-
ing and Zoonotic Infectious Diseases, Centers for Disease
Control and Prevention (DVBD-CDC, Atlanta, GA, USA)
(online Technical Appendix Table 1, https://wwwnc.cdc.gov/
EID/article/23/8/16-1254-Techappl.pdf). In addition, we ob-
tained 7 isolates of CVV spanning 1956-2003 and originat-
ing from diverse locations throughout the United States and
Mexico, as well as 1 isolate of Tlacotalpan virus (Mexico),

ICurrent affiliation: University of Texas, El Paso, Texas, USA.
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Figure 1. Geographic locations
from which virus strains used

in study of human infection

with MAGV were isolated. Star
indicates the location of the
MAGV-like isolate OBS6657;
circles indicate source locations
for other isolates used in this
study. CVV, Cache Valley virus;
FSV, Fort Sherman virus; MAGV,
Maguari virus; PLAV, Playas virus;
TLAV, Tlacotalpan virus.

3 isolates of Playas virus (Ecuador), and 1 isolate of FSV
(Panama) (Figure 1) from either WRCEVA or DVBD-
CDC. An additional MAGV-like virus strain, isolated from
a patient exhibiting fever, headache, myalgia, and chills in
Pucallpa, Ucayali, Peru, in 1998 (strain OBS6657), was
obtained from WRCEVA. This isolate was collected under
the terms of a human use protocol (NMRCD.2000.0006),
which, along with the consent procedure, were approved
by the Naval Medical Research Center Institutional Review
Board in compliance with all US and Peruvian federal regu-
lations governing the protection of human subjects.

Sequencing

We extracted viral RNA using the QIAamp viral
RNA mini kit (QIAGEN, Hilden, Germany) accord-
ing to the manufacturer’s instructions with reverse
transcription PCR (RT-PCR) reactions performed
using the Superscript Il reverse transcription Kit
(Life Technologies, Carlsbad, CA, USA) and the
iProof High-Fidelity PCR Kit (Bio-Rad Laborato-
ries, Hercules, CA, USA). We obtained preliminary
virus genome sequences of the MAGV BeAr7272 and

1326

AG83-1746 strains, as well as PLAV (strain 75V3066),
TLAV (strain 61D240), and FSV (strain 86MSP18), us-
ing the 454 FLX pyrosequencing technology platform
(454 Life Sciences [Roche], Branford, CT, USA). We
constructed libraries using previously described meth-
ods (10) and assembled and analyzed genomes using
various publically available algorithms. Based on the
preliminary 454-determined sequences, we designed
primer sets to enable confirmation by Sanger sequenc-
ing, including analysis of additional strains of MAGV
and PLAV. CVV strains were similarly sequenced
by using primers based on complete sequences of the
MNZ-92011 strain (GenBank accession nos. KC436108
[small (S) segment], KC436107 [medium (M) segment],
KC436106 [large (L) segment]). The sequences of the
noncoding regions, including the conserved genome ter-
mini, were amplified by using 3’ and 5’ rapid amplifica-
tion of cDNA ends based on ligation-anchored PCR, as
previously described (11-13). We deposited complete
genome sequences determined in this study in GenBank
(online Technical Appendix Table 1); primer sequences
are available on request.

Emerging Infectious Diseases ¢ www.cdc.gov/eid ¢ Vol. 23, No. 8, August 2017



Phylogenetic and Sequence Analyses

Phylogenetic and sequence divergence analyses were con-
ducted on the open reading frames (ORFs) and their cor-
responding amino acid sequences. These analyses incorpo-
rated the sequences for MAGV, CVV, TLAV, PLAV, and
FSV determined in this study and additional representative
orthobunyavirus sequences available in GenBank (online
Technical Appendix Table 2).

Sequences for each ORF or corresponding amino acid
sequence were aligned using the MUSCLE algorithm, and the
evolutionary history for each tree construction was inferred
using the neighbor-joining (14) and maximum-likelihood
(15) methods, as implemented in MEGADS (16). For neighbor-
joining analysis of amino acid sequences, we used a Poisson
model (17) and uniform rates; for analysis of nucleotides, uni-
form rates also were specified. We computed evolutionary dis-
tances using the maximum composite likelihood method (18).
For maximum-likelihood analysis of amino acids the Jones,
Taylor, and Thornton model (JTT) (19), gamma-distributed
(+ G) was used for all 3 segments. Alternatively, for both the
amino acid and nucleotide analyses, we used the best fit model
for each segment, based on the calculated Bayesian informa-
tion criterion, as determined using the Model Selection Tool
implemented in MEGAS5 (16) (i.e., JTT + G [N amino acid];
Le-Gascuel [LG] model [20] + G plus invariant sites [+ 1] [LG
+ G + I; GPC amino acid], LG + G, + I plus frequencies [LG
+ G + | + F; L amino acid] or Tamura 3-parameter [21] + G
[T92 + G, N nucleotide]; general time reversible [22] + G + |
[GTR + G + I; GPC and L nucleotide]). Evaluation of statisti-
cal support for the neighbor-joining and maximum-likelihood
tree topologies was based on bootstrap resampling (23); val-
ues were calculated on the basis of 1,000 replicates, and values
>60 are indicated. We conducted an additional analysis based
on Bayesian inference using Mr Bayes version 3 (24,25), as
implemented in TOPALI version 2 (26) with the best fit model
for each segment selected on the basis of the calculated Bayes-
ian information criterion, using the integrated model selection
tool in TOPALI (i.e., JTT + G [N amino acid]; JTT + G + |
[GPC and L amino acid] or GTR + G [N amino acid]; GTR +
G + | [GPC and L amino acid]). Posterior probability values
>0.60 were indicated. The use of these different methods and
models did not produce substantially different tree topologies
with respect to the virus lineages under study (Figure 2; online
Technical Appendix Figures 1, 2).

We calculated sequence divergence values on the ba-
sis of nucleotide and amino acid alignments constructed
with ClustalW as implemented in MegAlign (LaserGene
12; DNASTAR, Madison, WI, USA). Furthermore, an
additional recombination analysis was performed on con-
catenated (S, M, and L) genome sequences of all CVV,
MAGV, PLAV, TLAV, and FSV isolates where full-length
sequences were available. Initial alignment was performed
by using the MUSCLE algorithm, as implemented in

Emerging Infectious Diseases * www.cdc.gov/eid * Vol. 23, No. 8, August 2017
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MEGAS (16), and these data were then further analyzed
by using the RDP (27), GENECONYV (28), BOOTSCAN/
RECSCAN (29), MAXCHI (30), CHIMAERA (31), SIS-
CAN (32), and 3SEQ (33) programs, as implemented in
RDP4 Beta 4.83 (34).

Results and Discussion

Analysis of MAGV and MAGV-Like Sequences

In our phylogenetic analysis, the MAGYV isolates we exam-
ined form 2 distinct clades: 1 contains the prototype strain
BeAr7272 and “PLAV” (strain 75V5758), the other com-
prises the AG83-1746 strain and the CbaAr426 strain (Fig-
ure 2). Both of these atypical “MAGV” isolates (AG83-1746
and CbaAr426) were collected in Argentina and were isolat-
ed 17 years apart, indicating that this virus most likely con-
tinues to stably circulate in that region. MAGV (CoAr3363)
was found to be an incorrectly classified isolate of CVV and
thus is not considered further in this section. Of particular
interest to the aims of this study was the MAGV-like isolate
designated OBS6657, which was previously identified by
complement fixation as a MAGV-like virus, after isolation
from a symptomatic patient in Peru. Phylogenetic analysis
indicates that this virus is closely related to the prototype
MAGYV isolate BeAr7272, with which it shares a clade.

Our divergence analysis comparing the 2 groups formed
by the isolates originally identified as MAGYV showed 95.7%
(N), 84.3%-85.2% (GPC), and 90.1%-90.7% (L) amino
acid divergence. The extremely low level of N protein vari-
ability seems to be a characteristic of these and related virus
groups, and the L protein divergence values are barely above
the 10%-aa divergence sometimes suggested as a cutoff for
speciation. However, the glycoprotein, which is the most
variable of the viral protein products, differs substantially
from all other related virus groups and also between these
2 groups. Furthermore, the consistent evidence for separate
evolutionary histories inferred by the phylogenies for all 3
proteins indicates that these viruses most likely differ suf-
ficiently to warrant reclassification of the AG83-1746 strain
and ChaAr426 strains as a distinct virus species. In accor-
dance with the prevailing naming conventions for bunyavi-
ruses, which dictate naming based on the location of initial
isolation, we use “Cordoba virus” (CODV) and “CODV lin-
eage” herein to refer to viruses belonging to this group and to
distinguish them from the canonical MAGYV strains.

In contrast to these various misidentified viruses, the
0OBS6657 isolate clearly grouped with the prototype MAGV
strain BeAr7272 and showed 100% (N), 97.1% (GPC), and
99.0% (L) amino acid identity, respectively, across each of
the three major gene products, despite being isolated >40
years later. Given that this virus was isolated from a pa-
tient exhibiting clear evidence of an acute febrile infection,
our data provide strong evidence that MAGV infection can
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cause clinical disease in humans. In light of this evidence, datathat indicate frequent infection with MAGV-like viruses
and particularly when considered together with serologic  (2%—64% positive serum samples) (1,5,6) in South America,

Figure 2. Phylogenetic relationship of MAGV-like isolate OBS6657 to other MAGV and CVYV isolates and reference orthobunyaviruses.
Maximume-likelihood trees (Jones, Taylor, and Thornton model, gamma-distributed) were constructed on the basis of the amino acid
sequences of the nucleoprotein (A), glycoprotein (B), and polymerase (C). Bootstrap values based on 1,000 replicates are indicated for
values >60. Sequences generated in this study are shown in red bold. Human isolates within the CVV, MAGV, and Cérdoba virus clades
are underlined, and the OBS6657 isolate is indicated with a red star. Scale bars indicate nucleotide substitutions per site. CVV, Cache

Valley virus; CODV, Cérdoba virus; MAGV, Maguari virus.
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it appears likely that the failure to recognize MAGV as a
causative agent of febrile infection in humans is due to a lack
of systematic surveillance and diagnostic testing rather than
a lack of pathogenic potential. Furthermore, the inclusion of
PLAV (75V5758) in this group suggests that, even if human
virulence were restricted to this group, the affected region
might cover a large portion of Central and South America,
including Brazil (strain BeAr7272), Peru (strain OBS6657),
and Ecuador (PLAYV strain 75V5758).

Analysis of CVV Sequences

To obtain sufficient data to provide a reliable framework
for analyzing the MAGYV isolates in this study, and in light
of their recently demonstrated potential as human patho-
gens, we further conducted full-genome sequence analysis
for several CVV strains and for the closely related PLAV
and TLAV, and for the human pathogenic FSV, which also
has been described to be closely related to CVV (35). Of
the 7 CVV isolates that we fully sequenced, all appear to
belong to the recently described lineage 1 of CVV, consis-
tent with the suggestions that older strains from the Unit-
ed States, such as those used in this study, belong to this
lineage and have only recently been supplanted in some
areas by lineage 2 viruses (36). In addition, TLAV (strain
61D240) and 2 of the 3 strains of PLAV virus analyzed
(strains 75V3066 and 75V5938) clearly grouped within
the CVV clade for all 3 segments (Figure 2). The other
PLAYV strain (strain 75V5758) belonged to the canonical
MAGYV lineage, as noted earlier. The need to reclassify
these virus strains as isolates of CVV is further supported
by divergence analysis (online Technical Appendix Fig-
ure 3, panels A-C), which shows that each of these viruses
shows >90% aa identity to all known CVV isolates for all
3 major proteins, including the highly variable glycopro-
tein. Given the surprising nature of this result, we further
confirmed this finding using multiple virus passages and
stocks provided from 2 different collections (WRCEVA
and DVBD-CDC); however, the results remained consis-
tent (data not shown). Overall, our data provide unequivo-
cal support, on the basis of full-genome sequencing data
for all 3 segments of multiple virus strains, for previous
observations from S-segment data from single strains of
each of TLAV and PLAV (36) that had suggested these
strains might indeed have been misclassified as new vi-
rus species upon discovery. Similarly, we also identified 1
isolate previously classified as MAGV (strain CoAr3363)
as a misidentified CVV lineage 2 virus (Figure 2; online
Technical Appendix Figure 3, panels A-C).

We also included FSV in our analysis. This isolate was
collected in 1985 at Fort Sherman, a former US Army base
in Panama, from a patient exhibiting fever (101°F), malaise,
muscle aches, and sore throat. The isolate cross-reacted very
closely with CVV, MAGV, and PLAV virus in complement
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fixation but only with CVV and PLAYV by plaque-reduction
neutralization test (37). During the original isolation, FSV
was suggested to be a subtype of CVV (35). However, se-
quencing of the S segment has shown it to be only mod-
erately related to CVV, although statistical support for the
branching arrangement was poor (38). On the basis of our
full-length analysis of all 3 gene segments, we can now
clarify and reconcile these apparently disparate findings, by
identifying FSV as a reassortant between CVV lineage 2
and “CODV” (CODV/CVV, /CODV,). Taken together, the
phylogenetic arrangement (Figure 2) and divergence analy-
sis (online Technical Appendix Figure 3, panels A-C), as
well as a recombination/reassortment analysis using concat-
enated genomes (online Technical Appendix Figure 3, panel
D), indicate that CODV (CbaAr426) is the closest relative of
the S and L segment donor, and the strain CoAr3363 (previ-
ously misclassified as MAGV) from CVV lineage 2 is the
closest to the M segment donor. This observation would
appear to explain the close antigenic relationship of FSV
to both CVV and MAGV by complement fixation but not
plaque-reduction neutralization test, as well as the lack of se-
quence relationship between the S segments of these viruses.

One important consequence of the genetic reassign-
ment of not only TLAV and PLAV, but also of MAGV
(CoAr3363) to the CVV group, and identification of FSV
as a previously unrecognized CVV reassortant, is to sub-
stantially expand the known geographic range of CVV. On
the basis of these data, the range of CVVV must now be con-
sidered to include not only the United States and northern
and central Mexico but probably all of Central America
and the northern areas of South America. Furthermore, al-
though both PLAV strains appear to belong to CVV lin-
eage 1, TLAV belongs to CVV lineage 2, as does the CVV
donor of the FSV M segment. This finding suggests that
both lineages exist in Central America and that lineage 2
has been circulating in that region since at least the 1960s,
when the first of these viruses were isolated. This suppo-
sition is also supported by the assignment of the MAGV
CoAr3363 strain, which was isolated in 1964, to lineage 2.
Taken together, these findings suggest that although these
CVV lineage 2 strains have only recently emerged in the
eastern United States, they might in fact have been circu-
lating in South America for decades and have only recently
been introduced into the United States from these regions.

Technical Considerations in the Genetic and Serologic
Analysis of Nucleoprotein Sequences

Our analysis of the ORF and amino acid data identified sev-
eral distinct clades representing CVV (lineages 1 and 2)
and 2 separate clades of what had been identified as MAGV
strains (Figure 2). These clades were all well-supported for
the GPC and L ORFs. However, although the members of the
identified groups also were suggested to remain consistent

1329



RESEARCH

when data for the nucleoprotein were analyzed, suggest-
ing a lack of reassortment in these viruses, the branching
was only poorly supported. This observation most likely
resulted from an overall low level of total variation be-
tween these closely related groups, which is exacerbated
when shorter datasets, such as that for N, are used. It is pos-
sible (and maybe even likely) that this issue will continue
to present a growing problem for orthobunyavirus group
analyses based on N as an increasing number of sequences
for related virus groups continue to become available.

The extent of this issue is further highlighted by our
divergence analysis (online Technical Appendix Figure 3,
panels A-C), which shows extremely high sequence iden-
tity (93.6%-100% aa) among members of these groups,
even when the analysis includes more distantly related
and clearly geographically distinct viruses, such as Batai
virus. These high levels of conservation may then also sug-
gest a basis for the historical difficulties in serologic vi-
rus identification that seem to be increasingly identified
during retrospective virus identification efforts, including
this one. Surprisingly, a recent report showed that a virus
isolate originally reported as MAGV was, in fact, a reas-
sortant of Caraparu, a group C virus (4), which is geneti-
cally only distantly related to the Bunyamwera serogroup
viruses. This finding suggests that the accurate serologic
identification of orthobunyaviruses is difficult. This ob-
served lack of overall variability in the N proteins of these
viruses seems to suggest that the serologic identification of
Bunyamwera group viruses, and perhaps also other groups,
by complement fixation might be particularly difficult, if
not impossible, and needs to be approached carefully. Fur-
thermore, given the apparent extent of this problem and
the widespread availability and modest costs associated
with RT-PCR and Sanger sequencing, it may be prudent to
recommend routinely incorporating at least partial genetic
characterization as a part of the identification process for
all new bunyavirus isolates. Indeed, given the high level
of conservation observed within the N gene of related or-
thobunyavirus groups, it would make an ideal target for the
development of broadly cross-reactive RT-PCR primer sets
for diagnostic applications.

In summary, we identified MAGV as the causative
agent of a human febrile infection in Peru and showed that
the virus associated with this infection is highly similar to
the prototype MAGYV isolate, suggesting that other virus-
es of this lineage also might have pathogenic potential in
humans. In addition, our in-depth analysis of the closely
related CVV group and other similar viruses showed that
PLAV and TLAV do not exist as distinct virus species but
are misclassified strains of other existing groups and that
the human pathogenic FSV is a previously unrecognized
reassortant between CVV, itself a known human pathogen,
and a new lineage whose members had previously been
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identified as MAGYV but are genetically distinct from the
lineage occupied by the prototypical MAGYV isolates. On
the basis of its location of origin, we suggest the name
“Cérdoba virus” for this new lineage. Based on the reclas-
sification of these virus isolates, it is clear that the endemic
region for CVV is much larger than previously recognized
and that CVV and MAGYV most likely are responsible for
unrecognized febrile infections throughout North, Central,
and South America. We hope that a better understanding of
the genetic relationships between bunyavirus groups, par-
ticularly in relation to their relevance for human infection,
coupled with an increased availability of reference genome
sequence information, such as provided by this study, will
help enable future surveillance and diagnostic efforts and
increase awareness of the importance of orthobunyaviruses
as human pathogens.
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Human Infection with
Highly Pathogenic Avian Influenza
A(H7N9) Virus, China

Changwen Ke,! Chris Ka Pun Mok,* Wenfei Zhu,* Haibo Zhou,! Jianfeng He, Wenda Guan,
Jie Wu, Wenjun Song, Dayan Wang, Jiexiong Liu, Qinhan Lin, Daniel Ka Wing Chu,
Lei Yang, Nanshan Zhong, Zifeng Yang,? Yuelong Shu,? Joseph Sriyal Malik Peiris?

The recent increase in zoonotic avian influenza A(H7N9)
disease in China is a cause of public health concern. Most
of the A(H7N9) viruses previously reported have been of
low pathogenicity. We report the fatal case of a patient in
China who was infected with an A(H7N9) virus having a
polybasic amino acid sequence at its hemagglutinin cleav-
age site (PEVPKRKRTAR/GL), a sequence suggestive
of high pathogenicity in birds. Its neuraminidase also had
R292K, an amino acid change known to be associated with
neuraminidase inhibitor resistance. Both of these molecu-
lar features might have contributed to the patient's adverse
clinical outcome. The patient had a history of exposure to
sick and dying poultry, and his close contacts had no evi-
dence of A(H7N9) disease, suggesting human-to-human
transmission did not occur. Enhanced surveillance is need-
ed to determine whether this highly pathogenic avian influ-
enza A(H7N9) virus will continue to spread.

vian influenza A(H7N9) viruses with zoonotic po-

tential emerged in East China in early 2013. From
February 2013 through February 20, 2017, a total of 1,222
patients with A(H7N9) disease had been reported to the
World Health Organization, with 304 of these patients
being reported January 19-February 14, 2017 (1,2). The
overall case fatality ratio was ~37%. Most patients with
A(H7N9) disease primarily had viral pneumonia, with
some progressing to acute respiratory distress syndrome
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(ARDS). Unlike patients with influenza A(HSN1) disease,
patients with A(H7N9) disease were more likely to be older
and have underlying comorbidities (3). In healthy young
persons with A(H7N9) infections, symptoms were often
mild, and potentially a substantial proportion of these in-
fections was asymptomatic and not recognized (4-6).

The A(H7ND9) virus is a low pathogenicity avian influ-
enza (LPAI) virus that typically causes no signs of disease in
birds and has become enzootic in poultry. A(H7N9) infections
have been reported in poultry and humans from 22 provinces
and municipalities in mainland China, with cases acquired in
mainland China sometimes being reported in Hong Kong,
China; Macao, China; Taiwan; Malaysia; and Canada (2).

Phylogenetic analyses of the A(H7N9) hemagglutinin
(HA\) genes showed that the viruses that emerged in the Yang-
tze River Delta region in 2013 rapidly spread to other parts
of South and South East China and that distinct virus clades
became established in these different geographic regions (7).
Genetic analysis of A(H7N9) viruses has revealed some ad-
aptations in the virus HA that allow binding to the sialic acid
receptors on the epithelium of the mammalian upper respira-
tory tract. Upon infection in humans, these viruses rapidly
acquire mutations in the viral polymerase basic 2 (PB2) gene
(8). Unlike A(H5N1) viruses, A(H7N9) viruses efficiently in-
fect and replicate in ex vivo cultures of the human bronchus
(9) and are transmitted between ferrets, albeit inefficiently, by
the airborne route (10), indicating the substantial potential for
efficient human-to-human transmission. Although there have
been occasional clusters of cases, some likely caused by lim-
ited human-to-human transmission, no evidence of sustained
human-to-human transmission has been reported (2).

When transmitting among domestic, terrestrial poul-
try, LPAI type A viruses of the H5 and H7 subtypes can
undergo mutations that lead to multiple basic amino acids
being present at the HA cleavage site, a signature asso-
ciated with increased pathogenicity in chickens. Such vi-
ruses can disseminate beyond the respiratory and intestinal
tracts to affect the brain, liver, spleen, and pancreas and are

1These authors contributed equally to this article.
2These authors contributed equally to this article.
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lethal in chicken; these viruses are then designated highly
pathogenic avian influenza (HPAI) (11,12). Since their
emergence in 2013, the A(H7N9) viruses have remained
LPALI viruses in poultry, which has made detection and
containment of these viruses more challenging than these
activities were for A(H5N1), an HPAI virus that usually
caused severe disease in poultry flocks.

We report the investigation of illness in a patient
in China infected with an A(H7N9) virus with a novel
polybasic amino acid sequence at its HA cleavage site,
a change that corresponds with increased pathogenicity
in poultry and potentially (although not invariably) in-
creased pathogenicity in humans. Relevant epidemiologic
information, such as history of contact with poultry and
evidence of transmission of infection to close contacts,
is provided.

Methods

The Patient

The patient was a 56-year-old man with diabetes and hy-
pertension who lived in Lianzhou, China, in Guangdong
Province. He raised chickens in his backyard and noticed
some of them were sick and dying weeks before his illness.

Human Infection with Avian Influenza A(H7N9) Virus

Some of these chickens were slaughtered, cooked, and con-
sumed by the patient and his family members.

On January 7, 2017, day 1 of illness, he had a fever
(39.8°C) and cough; shortly thereafter, shortness of breath
developed, and on January 10, day 4 of illness, he was ad-
mitted to a local hospital (Figure 1). Bilateral pneumonia
was diagnosed based on his clinical signs and computed
tomography (CT) results. The patient’s throat swab from a
point-of-care test was negative for influenza A/B. Because
he had a history of contact with poultry, oseltamivir treat-
ment (75 mg 2x/d) was commenced. On day 6, his clinical
condition deteriorated markedly, with progression to severe
respiratory failure, hypoxia (oxygen saturation 78.6%), and
coma. He was transferred to the intensive care unit for in-
vasive mechanical ventilation.

RNA extracted from an endotracheal aspirate acquired
on day 6 was positive for influenza A(H7N9) virus. On day
7, he had mild gastrointestinal bleeding and a cardiac ar-
rest. No endoscopy was performed, and he was rescued by
cardiopulmonary resuscitation and intravenous injection of
norepinephrine. The size and shape of his heart were within
reference range. Chest radiography showed he had exten-
sive bilateral infiltration of the lungs with prominent hilar
shadowing (Figure 2, panel A). The patient had progressed

Figure 1. Clinical course of 56-year-old man with diabetes and hypertension infected with highly pathogenic avian influenza A(H7N9)
virus, China, 2017. CT, computed tomography; ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit; MDR, multidrug

resistant; NAl, neuraminidase inhibitor; POCT, point-of-care test.
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Figure 2. Chest and brain imaging of 56-year-old man infected with highly pathogenic avian influenza A(H7N9) virus, China,
2017: radiograph imaging of chest at day 7 (A) and day 40 (D); computed tomographic scans of the chest (B) and the brain (C)

at day 30.

to severe ARDS. Antiviral therapy was changed from os-
eltamivir to peramivir (0.6 g intravenous 4x/d), and he was
given antibiotics (cefoperazone sodium/sulbactam sodium
[2:1], 3 g/8 h). Extracorporeal membrane oxygenation
(ECMO) was commenced.

Laboratory tests showed high total leukocyte and neu-
trophil counts and high levels of procalcitonin, aspartate
aminotransferase, serum creatinine, lactate dehydrogenase,
blood urea nitrogen, and d-dimers throughout the hospi-
talization (online Technical Appendix Table 1, https:/
wwwnc.cdc.gov/ElD/article/23/8/17-0600-Techappl.pdf).
His hemoglobin level remained low. Continuous renal re-
placement therapy was applied because of increasing renal
dysfunction (days 8-14). His oxygenation index was main-
tained at around 200 mm Hg by the use of ECMO (Figure
3). On day 10, treatment with peramivir was stopped and
oseltamivir recommenced. Viral load in the endotracheal
aspirate started to decline on day 16 and was undetectable
on day 20 (Figure 3). However, his clinical condition con-
tinued to deteriorate gradually after removal from ECMO.

Figure 3. Kinetics of viral load, oxygenation index, and HI
antibody titers in 56-year-old man infected with highly pathogenic
avian influenza A(H7N9) virus, China, 2017. Arrows indicate

the days Hl titers and viral titers in serum were acquired. HI,
hemagglutination inhibition; neg, negative.
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Secondary bacterial infections developed with multidrug-
resistant Pseudomonas aeruginosa (detected in sputum
days 9 and 19) and Acinetobacter baumannii (detected in
blood cultures day 25). Combination antibiotic therapy was
used to treat these infections (online Technical Appendix
Table 2).

Cytomegalovirus (CMV) DNA was detected in pa-
tient serum on day 11 of illness, suggesting CMV re-
activation. Because of the lack of clinical response to
oseltamivir and antibiotics and the detection of CMV
DNA in serum, ganciclovir therapy was initiated on day
32 to suppress possible systemic CMV disease. A CT
scan of the lungs on day 30 showed multiple bilateral
patchy hyperdense lesions and bilateral pleural effusions
(Figure 2, panel B). Repeated electrocardiography trac-
ings did not reveal evidence of myocarditis, and Doppler
echocardiography examinations showed effective myo-
cardial contraction. CT scan of the brain on the same day
showed patchy hypodense lesions with unclear borders
in the left corona radiate and right centrum semiovale
(Figure 2, panel C), the largest measuring 8 x 10 mm
with a CT value (8 H) indicative of lacunar infarction.
The CT scan also showed symmetric, bilateral cerebral
hemispheres; preservation of gray-white differentiation;
no obvious lesions in the brain parenchyma; no deepen-
ing or widening of sulci, fissures, and cisterns; no dilata-
tion or deformity in the ventricular system; and no mid-
line shift. However, intracerebral edema was evident
(Figure 2, panel C).

On day 40, extensive bilateral shadowing of the lung
fields with blurring of the costophrenic angles continued to
be observed on chest radiography (Figure 2, panel D). On
day 43, the patient died.

Clinical and Epidemiologic Data Collection

The clinical history and epidemiologic information were
obtained from the patient at hospital admission and from
relatives during interviews. Progression of clinical symp-
toms and laboratory and radiologic findings were obtained
by retrospective chart review.
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Viral Diaghosis

Serially acquired throat swabs, endotracheal aspirates, se-
rum samples, and fecal samples were collected from the
patient and stored in viral transport medium. We extract-
ed viral RNA by using QIAamp MinElute Virus Spin kit
(QIAGEN, Hilden, Germany) according to the manufac-
turer’s instructions. The extracted RNA was subjected to
reverse transcription and amplification with SuperScript I11
One-Step RT-PCR System (ThermoFisher, Waltham, MA,
USA). We synthesized complementary DNA by using uni-
12 primers (5'-AGCAAAAGCAGG-3'), and conducted
real-time PCR with an A(H7N9) detection kit (Shanghai Zj
Bio-Tech Co., Ltd, Shanghai, China) to detect avian influ-
enza A(H7NO9) virus.

Genome Sequencing and Phylogenetic Analysis

Staff of the Guangdong Provincial Center for Disease Con-
trol and Prevention isolated virus from the endotracheal as-
pirate specimen obtained on day 6 of illness onset. Whole-
genome sequencing was implemented on the lon Torrent
S5 platform (ThermoFisher) with a mean read length of
~200 bp. We analyzed data predominantly with CLC Ge-
nomics Workbench 7.5.1 software (https://www.giagen-
bioinformatics.com/products/clc-genomics-workbench/).
Low-quality reads were trimmed by using CLC trimmer
with a quality limit set at 0.05. We assembled filtered reads
de novo in CLC under default parameters. Contigs with
coverage >10 bp were extracted and blasted against the
GISAID (Global Initiative on Sharing All Influenza Data)
databases (http://platform.gisaid.org). Sequences with the
highest similarity were selected as references for read map-
ping (parameters: length fraction = 0.8, similarity frac-
tion = 0.8). We obtained influenza A genome sequences by
extracting consensus sequences from the mapping results
with a coverage depth of >30x at each nucleotide site of
the 8 gene segments. The viral sequences generated in this
study (online Technical Appendix Table 3) were submitted
to the GISAID database.

We used the MEGA software version 5.05 (http:/
www.megasoftware.net) to construct phylogenetic trees,
and maximum likelihood trees were constructed with Phy-
ML (http://www.atgc-montpellier.fr/phyml/) by using the
general time reversible plus gamma distribution plus pro-
portion of invariable sites model. We estimated node sup-
port by the SH-like aLRT method and report values >0.8.
Bootstrap values from 1,000 replicates were calculated to
assess the reliability of the phylogenetic trees.

Serology

A(H7N9)-specific antibody titers were quantified in seri-
ally acquired serum samples by hemagglutination inhibi-
tion (HI) assay by using horse erythrocytes according to
the World Health Organization recommended protocol
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(http://www.who.int/influenza/gisrs_laboratory/cnic_sero-
logical_diagnosis_hai_a_h7n9_20131220.pdf). A recom-
binant A/PR/8/34 virus with the HA and neuraminidase
(NA) genes of A/Zhejiang/DTID-ZJU01/2013 (H7N9)
was used for serologic tests. All bioassays were conducted
in a Biosafety Level 3 laboratory. Seropositivity was de-
fined as an HI titer >1:40.

Ethical Approval

Guangdong Center for Disease Control and Prevention is
legally tasked with data collection on patients in the course
of a public health investigation during an emerging infec-
tious disease outbreak. Thus, informed consent was waived.

Results

This patient initially tested negative for influenza A/B, but
on day 6, real-time reverse transcription PCR performed
using an endotracheal aspirate showed positive results
for A(H7N9) virus RNA. Viral RNA was detectable in
the patient’s endotracheal aspirate at high levels (>4 log
RNA copies/mL) until day 17 (Figure 3), was undetect-
able in serum throughout the course of illness, and was
transiently detected in the feces on day 11. Antibody to
A(H7N9) virus was first detected in serum collected on
day 8 (HI titer 1:80); serum titers increased until day 29
(1:640) (Figure 3).

We performed phylogenetic analyses on the virus
(designated A/Guangdong/17SF006/2017 [17SF006/17])
isolated from the patient on day 6. The HA segment of
17SF006/17 was related to A(H7N9) clade W2-C (7) (Fig-
ure 4). An insertion that led to the addition of multiple ba-
sic amino acid residues (PEVPKRKRTAR/GL) was found
at the HA cleavage site, suggesting that this virus might
be highly pathogenic in birds (Table) (13). A similar mu-
tation was found for 2 other cases of A(H7N9) infection
identified in Taiwan (A/Taiwan/1/2017) (14) and Guang-
dong Province (A/Guangdong/17SF003/2016, reported
as A/Guangdong/Th008/2017) (15). The HA and matrix
sequences of these 3 viruses clustered together in our phy-
logenetic analysis.

We also sequenced and studied the HA and NA genes
of 7 A(H7N9) viruses isolated from environmental samples
(from birds at live poultry markets) collected previously in
the Guangdong Province. Six of the 7 were mixed with
A(HI9N2) viruses, and thus, the genes for the internal pro-
teins could not be analyzed. All of the A(H7N9) viruses
isolated from the environmental samples had the same HA
cleavage site sequence motif as the A(H7N9) human vi-
ruses (except for an amino acid change [G] at position —6
from the cleavage site) and clustered with them in the phy-
logenetic tree, suggesting the emergence of a single sub-
clade of A(H7N9) virus with an HA progressively acquir-
ing HPAI mutations. Similar to other A(H7N9) viruses, the
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Figure 4. Phylogenetic analysis of the hemagglutinin gene of highly pathogenic avian influenza A(H7N9) viruses in Guangdong
Province, China, and reference viruses. Maximum likelihood trees were constructed with PhyML by using the general time

reversible plus gamma distribution plus proportion of invariable sites model. Node support was estimated by the SH-like aLRT
method, and values >0.8 are shown. Virus clades A, B, and C—previously defined as W2-A, W2-B, and W2-C (5)—are labeled. A/
Guangdong/17SF006/2017 (from a 56-year-old man), A/Guangdong/17SF003/2016, A/Taiwan/1/2017, and environmental isolates are
underlined. Scale bar indicates nucleotide substitutions per site.
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Table. Key molecular signatures of avian influenza A(H7N9) virus from patient in Guangdong Province, China, compared with other

closely related viruses*

HA NA M2 PB2 PA
Strain 321-331ft G186V Q226L% R292K§ S31INT E627K# K526R** K702Rft V100ATT
A/Guangdong/ PEVPKRKRTAR/ \% Q K N K K K \
17SF006/2017 GL
(H7N9)tt
A/Guangdong/ PEVPKRKRTAR/ \Y Q K N E K R \Y
17SF003/2016 GL
(H7N9)
AlTaiwan/1/2017 PEVPKRKRTAR/ \Y K N K R K A
(H7N9) GL
A/Environment/ PEVPKGKRTAR/ \% R N E R K A
Guangdong/ GL
C16283222/2016
(H7N9)
A/Fujian/3/2016 PEIPKG—-R/GL \Y L R N K R K A
(H7N9)
A/Zhejiang/3/2017 PEIPKG—-R/GL \Y L R N K K K \Y
(H7N9)
A/Netherlands/ PEIPKRRRR/GL G Q R S K R K A

219/2003 (H7N7)

*HA, hemagglutinin; NA, neuraminidase; NAI, neuraminidase inhibitor; M2, matrix protein 2; PA, polymerase acidic; PB2, polymerase basic 2.

tCleavage site.

FReceptor binding site.

8Associated with NAI drug resistance.

f[Associated with amantadine resistance.

#Associated with increased virulence in mice.

**Associated with enhanced viral replication in mammalian hosts.
t1Species-associated signature position.

$1Virus from patient in this report.

amino acid substitution G180V in the HA protein, which is
known to enhance the binding to mammalian o-2,6—linked
sialic acid receptors, was found.

The NAgenesof 17SF006/17, A/Guangdong/17SF003/
2016, and the environmental isolates grouped together, but
AJTaiwan/1/2017 did not cluster, suggesting that the origin
of this NA gene was distinct (online Technical Appendix
Figure, panel A). A mutation associated with oseltamivir
resistance (one leading to R292K substitution in NA) was
identified in the NA gene of 17SF006/17 virus. The patient
had been on oseltamivir for 2 days before the mutation
was detected. Both A/Guangdong/17SF003/2016 and A/
Taiwan/1/2017 also had the mutation associated with os-
eltamivir resistance, but the viruses from the Guangdong
environmental samples did not. Similar to other A(H7N9)
viruses, 17SF006/17 had a mutation leading to the S31N
amino acid substitution in the matrix protein, which is as-
sociated with amantadine resistance. A mutation in PB2
that causes substitution E627K, which is a key signature
of mammalian adaptation, was also found in this virus. The
other viral gene segments of the 3 human viruses are not
monophyletic and appear to be derived from reassortment
with genetically diverse A(H7N9) viruses (online Techni-
cal Appendix Figure, panels A-G).

To investigate the potential for human-to-human
transmission of HPAI A(H7N9), an epidemiologic inves-
tigation was conducted immediately after virus detection
in the patient. Seventy close contacts (5 family members
and 65 healthcare workers) were placed under medical
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observation for 2 weeks. None of them showed signs
of illness.

Discussion
We report the illness and death of a patient in Guangdong
Province who was infected with a putative HPAI A(H7N9)
virus carrying an HA cleavage site with multiple basic
amino acids. Previous A(H7N9) viruses were low patho-
genicity, containing only a single arginine residue at the
HA cleavage site. Although the HA cleavage site we de-
scribe in this report was not a typical HPAI motif for H7
viruses, similar motifs have been reported in H7 viruses in
Chile and Canada that were shown to be highly pathogenic
in chickens by intravenous pathogenicity tests (13). More
studies are needed to determine the pathogenicity of these
putative HPAI A(H7N9) viruses (e.g., direct isolation from
sick and dying poultry and intravenous pathogenicity in-
dex testing in chickens). Viruses isolated from live poultry
markets had a sequence motif similar to that of the human
isolates (identical except for a glycine at the position —6
from the cleavage site). An additional patient identified in
Guangdong Province was infected with an A(H7N9) virus
(A/Guangdong/Th005/2017) with HA cleavage site KG-
KRIAR/GL (15). This evidence suggests that the polybasic
HA cleavage site was acquired progressively through mul-
tiple mutations within the avian species in a subclade of the
A(H7N9) viruses.

The patient had reported that chickens in his backyard
had started dying in the weeks before his disease onset,
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indicating the possibility that these chickens were infected
with an HPAI and that the patient acquired his infection
from them. However, we do not have direct evidence of
A(H7N9) infection in these birds, and alternative explana-
tions for their deaths exist.

A(H7NO9) viruses having HA cleavage sites with mul-
tiple basic amino acids were reported in 2 human cases
in the Guangdong Province and Taiwan (Table) (14,15).
The HA sequences of these 2 viruses clustered with that
of A/Guangdong/17SF006/2017 in our phylogenetic tree.
These viruses also clustered with viruses from the envi-
ronmental samples from Guangdong, which had a similar
sequence motif (1 amino acid difference) at the cleavage
site as the human isolates, suggesting the progressive
emergence of this HPAI motif in a subclade of A(H7N9)
viruses in this region. Although the HA gene segments
of these viruses are monophyletic, the other gene seg-
ments are not and have diverse origins, suggesting that
these HPAI viruses continue to reassort their gene seg-
ments. Introduction of the polybasic cleavage site into
A(H5N1) was associated with increased viral titers in the
respiratory tract, increased virus dissemination to distant
organs, increased death in mice and ferrets (but not in
macaques), and increased virus replication in endothelial
cells (16,17).

A question of public health interest is whether acqui-
sition of the polybasic cleavage site in A(H7N9) HA en-
hances pathogenicity of A(H7N9) viruses in humans. Simi-
lar to most patients with A(H7N9) disease (18), the patient
in this report had underlying comorbidities (diabetes and
hypertension), which probably contributed to the increased
disease severity. The clinical progression of the illness to
fulminant viral pneumonia and ARDS was relatively rapid,
in spite of commencing oseltamivir on day 4 of illness. The
patient required mechanical ventilation and became coma-
tose on day 6 of illness and had a sudden cardiac arrest on
day 7, necessitating ECMO. Myocarditis and encephalitic
illness were not evident by either clinical observation or
imaging investigations, and the most likely cause of the
coma was respiratory failure. One of the other patients in
Guangdong who had a similar HPAI A(H7N9) virus infec-
tion had less severe illness, indicating that the HA cleav-
age sequence did not invariably increase pathogenicity in
humans (15).

By day 6 of patient disease onset, 2 days after com-
mencement of oseltamivir, the virus had acquired a muta-
tion leading to an R292K change in the NA protein known
to be associated with oseltamivir resistance (19,20). The
other 2 viruses with the same HA cleavage site mutation
(A/Guangdong/17SF003/2016 and A/Taiwan/1/2017) also
had this oseltamivir resistance mutation. It is likely that the
viruses from all 3 patients acquired this resistance mutation
after commencement of oseltamivir therapy. Although the
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emergence of R292K has been reported before in a minori-
ty of patients following oseltamivir treatment and treatment
failure (19), mutations causing this amino acid substitution
have not been found in poultry as of May 30, 2017 (7), and
accordingly, the resistance mutation was not observed in
the related environmental samples collected from live poul-
try markets. The frequency with which R292K has been
detected in patients with the polybasic HA cleavage site is
a cause for concern. Whether acquisition of the polybasic
HA cleavage site in the A(H7N9) virus contributes to the
enhanced probability of the virus acquiring the NA R292K
during oseltamivir treatment is unknown. Studies of HPAI
A(H5N1) viruses in vitro and in vivo have demonstrated
that viruses with polybasic residues at the HA cleavage site
or the PB2 E627K amino acid change enhances replication
efficiency, which might increase the likelihood of resis-
tance emerging under the selective pressure of oseltamivir
therapy (21-23).

NA R292K confers resistance to both oseltamivir and
peramivir, the antiviral drugs used in this patient’s therapy
(20). Viral load in the endotracheal aspirates remained high
for 10 days following commencement of antiviral therapy,
probably reflecting lack of efficacy of the antiviral regi-
mens. Viral load only began to decline on day 18 of illness,
probably because of increasing antibody titers. Thus, the
uncontrolled viral replication and emergence of antiviral
resistance in this patient possibly contributed to the adverse
clinical outcome. In spite of the prolonged infection and
high virus titer within the respiratory tract, virus RNA was
not detectable in the serum (Figure 3). Thus, systemic dis-
semination of the virus was unlikely. This patient was not
treated with corticosteroids until day 41, shortly before his
demise; thus, corticosteroid therapy did not increase viral
load or facilitate the emergence of antiviral resistance, a
phenomenon speculated to have occurred in other patients
in whom oseltamivir resistance mutations arose (19).

The emergence of antibiotic-resistant Acinetobacter
and other bacteria might also have contributed to the ad-
verse clinical outcome. Detection of CMV DNA in se-
rum (rather than in leukocytes) is suggestive of clinically
significant CMV viremia following CMV reactivation in
a seriously ill patient. CMV viremia is an indication for
ganciclovir therapy in immunocompromised patients,
which was the rationale for initiating ganciclovir therapy.
However, the benefit of using ganciclovir in this context
remains unknown.

The patient had increasing levels of serum creati-
nine and blood urea nitrogen, indicating moderate renal
dysfunction, and moderately elevated aspartate amino-
transferase, indicating moderate liver dysfunction. Similar
features have been previously reported in A(H7N9) pa-
tients and are not necessarily indicative of systemic virus
dissemination (8).
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No evidence of human-to-human transmissibility was
apparent; family members and healthcare workers who
were in contact with the patient did not have evidence
of clinical disease. The HA cleavage site mutation that
makes avian influenza viruses highly pathogenic in birds
does not necessarily affect the transmissibility of the virus
between humans. However, unlike LPAI viruses, which
are restricted to the chicken respiratory and intestinal
tracts, HPAI viruses spread systemically within chickens
and are likely to be found at high titer in multiple organs,
including muscle. Thus, the risk for zoonotic transmis-
sion through handling or butchering infected poultry and
consuming undercooked poultry is likely to increase with
HPAI viruses.

In summary, we report the clinical disease progres-
sion of a patient infected with a mutant A(H7N9) virus
that acquired sequence motifs similar to those found in
HPAI viruses. The clinical features of human disease with
this isolate did not appear to differ from previous infec-
tions with low pathogenicity A(H7N9) viruses, and the
clinical and virologic evidence suggested that systemic
dissemination of the virus did not occur. The emergence
of R292K in NA, which is associated with NA inhibitor
resistance, probably contributed to the adverse clinical
outcome. In China, heightened surveillance of A(H7N9)
in humans with severe respiratory disease and poultry is
needed to determine how widespread the polybasic HA
cleavage sequence has become and to monitor for evi-
dence of oseltamivir resistance.
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Human metapneumovirus (HMPV) is a respiratory virus
that can cause severe lower respiratory tract disease and
even death, primarily in young children. The incidence and
characteristics of HMPV have not been well described in
pregnant women. As part of a trial of maternal influenza im-
munization in rural southern Nepal, we conducted prospec-
tive, longitudinal, home-based active surveillance for febrile
respiratory illness during pregnancy through 6 months post-
partum. During 2011-2014, HMPV was detected in 55 of
3,693 women (16.4 cases/1,000 person-years). Twenty-five
women were infected with HMPV during pregnancy, com-
pared with 98 pregnant women who contracted rhinovirus
and 7 who contracted respiratory syncytial virus. Women
with HMPV during pregnancy had an increased risk of giv-
ing birth to infants who were small for gestational age. An
intervention to reduce HMPV febrile respiratory illness in
pregnant women may have the potential to decrease risk of
adverse hirth outcomes in developing countries.

uman metapneumovirus (HMPV), a paramyxovirus

discovered in 2001, is a previously unrecognized cause
of respiratory infections in infants, children, and adults (1).
HMPV is estimated to cause 5%-25% of respiratory infec-
tions among infants and children (2-5) and 1.5%-10.5%
of respiratory infections among adults (6-11). In children,
HMPV is responsible for 5%-15% of hospitalizations for
lower respiratory tract illness (12). In adult populations,
HMPV is responsible for up to 11% of hospitalizations for
acute respiratory illness, particularly in adults with under-
lying heart or lung disease (5,10,11).

IlIness and death from respiratory viruses among preg-
nant women have received greater appreciation globally
following the pandemic influenza outbreak in 2009. Preg-
nancy is known to have an immunomodulating effect, and
pregnant women are at elevated risk for complications of
both seasonal and pandemic influenza (13,14). The epide-
miology and clinical presentation of noninfluenza respira-
tory viral infections, including HMPYV, during pregnancy,
as well as the consequence of such infections on the fetus,
are not well described, despite advances in sensitive and
rapid molecular diagnostic methods and increasing surveil-
lance of respiratory viruses in diverse populations.

This study describes the clinical characteristics of in-
fection due to HMPV and other respiratory viruses among
pregnant women in a rural population in South Asia. It also
examines the effects of HMPV infection during pregnancy
on birth outcomes.

Methods

We obtained data for this study during 2 consecutive com-
munity-based randomized controlled trials of year-round
seasonal influenza vaccination among pregnant women in
a rural population in Sarlahi, Nepal. We conducted an ac-
tive, home-based surveillance with a door-to-door census
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to identify married women of reproductive age during April
2011-September 2013 (15). Follow-up occurred every 5
weeks at households where women of reproductive age re-
sided to determine whether a woman had become pregnant.
All married women 15-40 years of age identified as preg-
nant with gestational age of 17-34 weeks during the study
period were offered enrollment and randomized into 1 of 2
study arms: vaccination or placebo.

From the time of vaccination with study vaccine or
placebo through 180 days postpartum, a field interviewer
visited the household weekly to conduct a morbidity inter-
view for each day in the preceding week. If a participant
had an influenza-like illness (ILI) episode (defined as re-
ported fever plus >1 of the following symptoms: cough,
myalgia, rhinorrhea, or sore throat), a midnasal swab speci-
men was collected and tested for respiratory viral infec-
tion by real-time reverse transcription PCR (16-19). Viral
infection was defined as the molecular detection of the vi-
rus concurrent with symptoms of a respiratory illness. Any
symptoms separated from the illness episode by at least
7 symptom-free days were considered part of a separate
illness episode. This analysis does not include influenza,
however, because it is analyzed separately as part of the
clinical trial of maternal immunization (20).

We estimated gestational age at time of respiratory vi-
rus infection in pregnancy by subtracting the date of last
menstrual period from the date of delivery, based on ma-
ternal recall. The “mother’s smoking” variable captured
whether cigarettes or bidi (a hand-rolled cigarette common
in South Asia) were smoked in the previous 30 days. Ethnic
group was dichotomized as Pahadi (origins in the hills of
Nepal) versus Madheshi (origin in the plains of Nepal). We
placed women in the categories of Brahmin (highest caste),
Chhetri (higher caste), Vaiysha (working caste), Shudra
(lower caste), and Muslim. We defined household size as
number of persons sharing a cookstove; we defined house-
hold density as the number of persons per room, excluding
kitchen and storerooms.

We calculated the incidence of infection by using days
of follow-up from enrollment through 180 days postpar-
tum. Among women with HMPV and other respiratory vi-
ruses, the duration of illness and the week following the
illness period were excluded from time at risk. Descriptive
statistics were used to summarize the characteristics of
pregnant and postpartum women with and without HMPV
and other respiratory viral infections. Bivariate Poisson re-
gression analyses were performed to assess potential risk
factors including household density, number of children <5
years of age in the household, caste, ethnic group, maternal
education, and smoking.

To assess differential clinical symptoms related to in-
fection comparing pregnant and postpartum women, we as-
signed a 1-point score to each of the following symptoms:
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fever, cough, sore throat, rhinorrhea/nasal congestion,
and myalgia (21-23). We used a Wilcoxon rank-sum test
to compare severity scores and total days with symptoms
among pregnant and postpartum women. We also com-
pared the proportion of women experiencing each individ-
ual symptom for pregnant and postpartum women.

Birth outcomes assessed were birthweight and ges-
tational age at birth. We defined low birthweight (LBW)
as <2,500 g. We defined small for gestational age (SGA)
with INTERGROWTH-21 standards (24). We defined
preterm birth (PTB) as birth before 37 weeks completed
gestation. We assessed associations between HMPV during
pregnancy and birthweight and gestational age with linear
regression, whereas we used Poisson regression to assess
binary outcomes (LBW, SGA, PTB). As a reference, we
also compared birth outcomes between women with and
without any febrile respiratory illness during pregnancy.
Finally, we calculated the proportion of ILI episodes with
respiratory viruses other than HMPV; the symptoms asso-
ciated with these episodes are reported.

We performed analyses using SAS version 9.4 (SAS
Institute, Cary, NC, USA) and Stata version 13.1 (Stata-
Corp LLP, College Station, TX, USA). Institutional review
board approval for the randomized controlled trial was giv-
en by the Johns Hopkins University Bloomberg School of
Public Health, Cincinnati Children’s Hospital, the Institute
of Medicine at Tribhuvan University, and the Nepal Health
Research Council, with deferral from Seattle Children’s
Hospital. Approval for this analysis was received from
the University of Washington institutional review board.
The primary trial was registered under ClinicalTrials.gov
NCTO01034254.
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Results

Incidence and Risk Factors

During April 2011-September 2013, we enrolled and vac-
cinated 3,693 eligible women; weekly surveillance visits
continued through May 2014. Median follow-up time was
48 weeks (interquartile range [IQR] 44—53 weeks) among
women with HMPV and 49 weeks (IQR 43-55 weeks)
among women without HMPV. Overall, we collected 944
nasal swab specimens from enrolled women.

During this 3-year period, 55 (1.5%) women had an
HMPV illness episode. The overall incidence of HMPV was
16.4 cases/1,000 person-years (95% CI 8.9-30.3); this rep-
resents 25 cases among pregnant women (16.7 cases/1,000
person-years, 95% CI 10.8-25.8) and 30 cases among post-
partum women (16.1 cases/1,000 person-years, 95% CI 7.5—
30.1). Incidence peaked at 71.9 cases/1,000 person-years for
September 2011-January 2012. During May 2013-January
2014, no HMPV infections were observed (Figure 1). Other
respiratory viruses detected among pregnant women in this
cohort were rhinovirus (n = 98), coronavirus (n = 30), para-
influenza (n = 23), bocavirus (n = 9), respiratory syncytial
virus (RSV) (n=7), and adenovirus (n = 6) (Table 1).

Among the 25 pregnant women with HMPV, median
gestational age at time of illness was 32.5 weeks (IQR
22.0-37.0 weeks). Women with and without HMPV had
similar body mass indexes at enrollment: a median of
20.1 (IQR 18.4-22.4 weeks) among women with HMPV
and 20.7 (IQR 19.1-28.0 weeks) among women without
HMPV. Hypertension was uncommon in the cohort, iden-
tified in 43 (1.2%) of women without HMPV and in no
women with HMPV.

Figure 1. HMPV positivity and
seasonality among pregnant
women in study of HMPV and
pregnancy, Sarlahi, Nepal,
April 2011-September 2013.
Women were followed until 180
days after birth. HMPV, human
metapneumovirus.
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Table 1. Etiology of febrile respiratory illness among pregnant women in Sarlahi, Nepal, April 2011-September 2013*

Frequency of symptoms, Sought Median duration of symptoms,

No. No. co- no. (%) patients care/MD, d (range) Severity
Type infections _infections Cough ST RN  Myalgia no. (%)t Fever Cough Any score
Adenovirus 6 2 2(33) 4(67) 4(67) 3(50) 2(33)/1(17) 4(2-6) O0(0-4) 5(4-15) 10(6-22)
Bocavirus 9 5 8(89) 6(67) 7(78) 5(56) 5 (56)/0 3(1-7) 5(0-11) 7(3-38) 22(6-50)
Coronavirus 30 7 21(70) 17 (57) 19(63) 16(53) 17(57))1(3) 2(1-7) 2(0-11) 5(1-67) 11 (2-86)
HMPV 25 11 19 (70) 12 (44) 17 (63) 14 (52) 12(48)/1(4) 3(1-7) 3(0-26) 5(2-50) 13 (3-61)
PIV1 4 0 2(50) 2(50) 3(75) 2(50) 1 (25)/0 4(2-6) 2(0-7) 5(3-13) 16 (5-23)
PIV2 9 4 7(78) 5(56) 8(89) 5(56) 4 (44)/0 2(1-7) 2(0-6) 7(2-18) 16 (5-27)
PIV3 7 2 4(57) 4(7) 6(86) 5(71) 6(86)/1(14) 3(2-6) 3(0-6) 7(2-12) 21(3-31)
PIV4 3 0 3(100) 2(67) 3(100) 1(33) 2(67)/1(33) 2(2-3) 6(4-13) 7(5-13) 15(10-21)
Rhinovirus 98 13 71(72) 63 (64) 66 (67) 45(46) 39(40)/8(8) 2(1-10) 3(0-25) 5(1-50) 9 (1-93)
RSV 7 4 5(71) 3(43) 6(86) 4(7) 40571314 2@-7) 2(0-3) 3(2-18) 9(4-24

*No virus was detected in 137 women; no swab was taken from 452 women. Total febrile respiratory illnesses: 767; because of co-infections, the number
of total infections is 789. HMPV, human metapneumovirus; PIV, parainfluenza virus; RSV, respiratory syncytial virus; RN, rhinorrhea/nasal congestion;

ST, sore throat.

tCare means seen for care because of illness; MD means seen by a medical doctor.

Median household density was 3 persons/room among
women with and without HMPV. Median years of maternal
education was 0 (IQR 0-8.0) among women with HMPV
and 5 (IQR 0-10.0) among women without HMPV. Three
(5.5%) women with HMPV and 108 (3.1%) women with-
out HMPV had smoked in the 30 days before enrollment
(Table 2). In Poisson regression analysis, none of the risk
factors analyzed, including caste and household density,
altered HMPV risk.

Clinical Symptoms

The most common symptom among pregnant and post-
partum participants with HMPV infection was cough
(67.3%), followed by rhinorrhea/nasal congestion (58.2%)
and myalgia (56.4%). All women with HMPV detected
had fever, as this symptom was required for a swab to be
taken (Table 3). Median symptom duration was 5 days
among both pregnant and postpartum women (Table
3; Figure 2). No difference was noted in the presence

or duration of symptoms between pregnant and postpar-
tum women.

In respiratory disease associated with respiratory viruses
among pregnant women overall, cough was the most com-
mon symptom in all illnesses except parainfluenza and RSV,
for which rhinorrhea/nasal congestion was the most common
symptom. The longest duration of symptoms was observed
among women with bocavirus and parainfluenza 2—4 (7 days).
The highest severity score was observed among women with
bocavirus, who had a score of 22 (range 6-50) (Table 1).

Twenty-four (43.6%) women with HMPV also experi-
enced viral co-infections, with rhinovirus the most common
(n = 14; 25.4%), followed by coronavirus (n = 4; 7.3%)
and parainfluenza (n = 3; 5.5%). One pregnant woman had
HMPV, rhinovirus, and coronavirus concurrently. Symp-
tom duration and severity were similar between women
with and without viral co-infection.

Twelve pregnant women (48.0%) and 18 postpartum
women (60.0%) received medical care during the period

Table 2. Demographic characteristics and bivariate RR estimates for HMPV infection among pregnant and postpartum women in

Sarlahi, Nepal, April 2011-September 2013*

Characteristic HMPV-positive, n = 55 HMPV-negative, n = 3,638 RR (95% CI) p value
Age at enroliment, y, median (IQR) 22 (20-25) 23 (20-26) 1.0 (0.9-1.1) 0.96
Smokingt 3(5) 108 (3) 0.6 (0.0-37.9) 0.83
BMI at enroliment, median (IQR) 20 (18-22) 21 (19-28) 1.0(0.8,1.2) 0.66
Ethnic group

Pahadi 30 (56) 1,997 (57) Ref

Madeshi 24 (44) 1,503 (43) 1.0 (0.4-3.3) 0.89
Caste

Brahmin 3(5) 377 (11) 0.5 (0.0-5.4) 0.56

Chhetri 5(9) 445 (13) Ref (combined)

Vaiysha 30 (56) 1,933 (55)

Shudra 11 (20) 452 (13)

Muslim 4(7) 284 (8)
Household size, median (IQR)

Children <5 y of age 1(0-1) 0 (0-1) 1.3(0.7-2.4) 0.41

Density+ 3 (2-6) 3(2-4) 1.1 (0.9-1.3) 0.20
Education, y, median (IQR) 0 (0-8) 5 (0-10) 0.9 (0.8-1.1) 0.22
Literacy 25 (50) 1,991 (60) 0.6 (0.2-2.2) 0.46

*Values are no. (%) patients except as indicated. BMI, body mass index; HMPV, human metapneumovirus; IQR, interquartile range: Ref, referent; RR,

relative risk.
tDefined as smoking at enroliment.
fDefined as persons/room.
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Table 3. Proportion of pregnant and postpartum women with HMPV infections who had selected symptoms and iliness severity,

Sarlahi, Nepal, April 2011-September 2013*

Measure Total, n =55 Pregnant, n =25 Postpartum, n = 30 p value
Symptom, no. (%)
Fevert 55 (100) 25 (100) 30 (100) NA
Cough 37 (67) 17 (68) 20 (67) 0.92
Sore throat 23 (42) 11 (44) 12 (40) 0.76
Rhinorrhea/nasal congestion 32 (58) 15 (60) 17 (57) 0.80
Myalgia 31 (56) 12 (48) 19 (63) 0.25
Visit for care 27 (49) 12 (48) 18 (60) 0.49
Severity measure, median (range)
Severity score 10 (1-61) 13 (3-61) 9 (1-38) 0.70
Fever duration, d 3(1-8) 3(1-8) 2 (1-8) 0.15
Cough duration, d 2 (0-27) 3(0-27) 2 (0-10) 0.78
Symptom duration, d 5(1-31) 5(2-31) 5 (1-28) 0.36

*NA, not applicable.
TSubjective fever required for nasal swab specimen collection.

of their HMPV illness episode (Table 3 Figure 3). Six
women (10.9%) sought care >1 time during their illness.
Of the 38 total visits, 16 (42.1%) women visited a medi-
cine shop or local doctor, 12 (31.6%) visited a health post,
and 10 (24.4%) visited a primary health center, a medicine
shop or local doctor, or hospital. Only 1 woman’s hospital
visit was potentially related to HMPV. This woman was 4
weeks postpartum at the start of symptoms and had rhino-
virus concurrently; she reported 11 days of symptoms, and
visited the hospital twice and a health post once during her
illness. No participant died of respiratory illness potentially
related to HMPV.

Effect on Birth Outcomes

All women with HMPV during pregnancy delivered live
infants. Two (8.0%) of the 25 women with HMPV during
pregnancy gave birth to preterm infants; 5 (25.0%) deliv-
ered LBW infants. The median gestational age of infants
in both groups was 40 weeks (IQR 38-41 weeks), and the

Emerging Infectious Diseases * www.cdc.gov/eid * Vol. 23, No. 8, August 2017

median birthweight in both groups was 2.8 kg (IQR 2.4-2.9
kg among women with HMPV, 2.5-3.1 kg among women
without HMPV). No differences were noted in birthweight
or preterm birth between infants born to women with and
without HMPV during pregnancy, nor were differences
noted between women with and without fever during preg-
nancy. However, women with HMPV during pregnancy
were found to be 1.7 times as likely to deliver an SGA in-
fant compared with women without HMPV during preg-
nancy (p = 0.031). Non-HMPV fever during pregnancy did
not have a notable effect on SGA risk (Table 4).

Women with HMPV during pregnancy who delivered
preterm infants experienced the onset of symptoms 25-30
days before delivery (median 27.5 days); women who de-
livered LBW infants had symptom onset 25-90 days before
delivery (median 42 days) (Figure 4). Three women (60.0%)
who delivered LBW infants visited a health post during their
illness period; 1 woman (50.0%) who delivered a preterm
infant visited a medicine shop/local doctor during her illness.

Figure 2. Symptom duration
among pregnant and
postpartum women in study of
human metapneumovirus and
pregnancy, Sarlahi, Nepal, April
2011-September 2013.
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Table 4. Associations between illness during pregnancy and birth outcomes, Sarlahi, Nepal, April 2011-September 2013 *

No. (%) or median (IQR)

Fever RR (95% CI) or mean difference
No fever, HMPV-negative, HMPV-positive, HMPV-positive
Characteristic n = 3,000 n = 668 n=25 Any fever p value with fever p value
Birthweight, kg 2.8(25-31) 28(25-3.1) 2.8(2.4-2.9) 00(-0.1t00.1) 0.77 -0.1(-0.3t00.1) 0.23
Low birthweight 542 (25) 132 (26) 5 (26) 1.0 (0.9-1.2) 0.59 1.0 (0.5-2.3) 0.91
Gestational age 40 (38-41) 39 (38-41) 40 (38-41) -0.2(-0.3t0 0.1) 0.077 0.2(-0.7to-1.1) 0.69
Small for gestational age 830 (38) 198 (39) 12 (63) 1.0 (0.9-1.2) 0.72 1.7 (1.0-2.6) 0.031
Preterm birth 372 (13) 97 (15) 2(8 1.2 (0.9-1.4) 0.12 0.5(0.1-1.9) 0.33

*HMPV, human metapneumovirus; IQR: interquartile range; RR, relative risk.

Among the 30 women with HMPV postpartum, 8
(26.7%) had infants who had HMPV within 1 month of
their mother’s illness. Four of these mother—infant pairs
had HMPV simultaneously; in 2 pairs, the mother had a
positive swab before the infant’s swab, and in 2 pairs the
infant had a positive swab before the mother’s swab.

Discussion

In this analysis, we describe the incidence and clinical
presentation of HMPV and other respiratory viruses dur-
ing pregnancy, as well as birth outcomes associated with
HMPV infection during pregnancy. HMPV was a rela-
tively common cause of ILI during and after pregnancy
and was associated with an increased risk of SGA birth
in women with HMPV respiratory illness compared with
women without such illness. HMPV exhibited a clear peak
during the first of the 3 years of the study. Despite the ru-
ral, resource-limited setting, most women with HMPV ac-
cessed healthcare, and nearly 20% visited a health center or
physician during their illness.

Incidence of HMPV among women during and after
pregnancy was 16.5/1,000 person-years, >4 times as high
as the RSV incidence in this cohort during the same time
period (3.9/1,000 person-years). Pregnant and postpartum
women with HMPV also appeared to exhibit longer fever
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duration (3 days vs. 2 days) and longer overall symptom
duration (5 days vs. 4 days) compared with women in the
same cohort with RSV (25). Overall, rhinovirus was the
most commonly detected pathogen among pregnant wom-
en in this cohort (n = 98); coronavirus was also relatively
common (n = 30). This finding is notable because Middle
East respiratory syndrome coronavirus and severe acute
respiratory syndrome coronavirus during pregnancy have
been found to be associated with severe complications and
illness in the woman and the infant (26-28).

No notable difference in HMPV severity was noted
between pregnant and postpartum women. This finding
contrasts with previous literature on influenza and RSV,
which demonstrates elevated risk for severe disease among
pregnant women (13,14,29-31). However, much previous
research on respiratory illness severity in pregnancy fo-
cused on hospital-related outcomes, such as admission to
an intensive care unit, which we were unable to capture in
this study.

Previous estimates of adult HMPV incidence ranged
from 15 to 53/1,000 person-years (6-11), but accurate esti-
mates of HMPV incidence are difficult to obtain, particularly
in a community setting. Many adults with HMPV infections
do not seek medical care, and among those who do, many
are not tested for viral infections (11). Walsh et al. followed

Figure 3. Timing of nasal swab
specimen collection and visits for
care among 25 pregnant women
with human metapneumovirus
infection, Sarlahi, Nepal, April
2011-September 2013.
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Figure 4. Timing of iliness
episode and birth outcomes
among 25 pregnant women
with human metapneumovirus
infection, Sarlahi, Nepal, April
2011-September 2013.

prospectively enrolled young adults (18-40 years of age),
healthy elderly adults (=65 years of age), and high-risk
adults (those with symptomatic lung disease) over 4 con-
secutive winters (32). That study found that 4.3%-10.6%
of young adults experienced HMPV infection in any given
year, higher than the proportion noted in the healthy elderly
(2.2%-6.4%) or the high-risk cohort (2.9%-8.6%), sup-
porting our finding that HMPV is a major pathogen among
young adults. These findings also align with the propor-
tion of maternal respiratory swabs positive for HMPV in
our study (6.7%), although only 55% of participants in the
Walsh et al. young adult cohort reported fever (32).

The HMPV seasonality demonstrated in this subtrop-
ical area is somewhat earlier than the seasonality docu-
mented in other settings in the Northern Hemisphere, with
most cases typically occurring in January through April
(2,4,6,11,32-37). Although most research has been done
in temperate climate zones, a study from India demon-
strated only 1 HMPV peak over the 3-year study period,
which suggests that HMPV may exhibit a nonannual cy-
cle in this setting (37).

Although clinic visits in this area of Nepal can be
heavily confounded by factors such as location and socio-
economic status, we found that most women with HMPV
were seen by a healthcare provider and one quarter of the
visits were to a primary health center or MD/MMBS doc-
tor. Considering the frequency of healthcare visits among
women with HMPV in this resource-limited region, future
research should investigate lower respiratory complica-
tions and longer-term sequelae of HMPV in pregnant and
postpartum women.

We found that febrile illness due to HMPV during
pregnancy is associated with increased SGA risk (risk ratio
1.7; p = 0.031). Infants who are born SGA are at increased
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risk for poor growth and early death, particularly in devel-
oping countries. Reasons for SGA births include maternal
malnutrition, use of drugs or alcohol during pregnancy, in-
trauterine infection, maternal anemia, or hypertension dur-
ing pregnancy (38). Rates of hypertension, maternal smok-
ing, and alcohol use are low in this cohort, and we found
no difference in body mass index between pregnant women
with and without SGA births. It is possible that a systemic
inflammatory response due to HMPV febrile respiratory
illness may be associated with increased risk of SGA,
although it is not clear why this would be due to HMPV
alone rather than febrile respiratory illness in general. No
difference was noted in LBW or PTB between infants born
to women with and without HMPV during pregnancy.
Overall, the observed incidences of LBW and PTB in this
cohort were slightly lower than previous estimates in the
region, reflecting an overall improvement in health in the
population. Among all women enrolled, 25% gave birth to
an LBW infant, compared with 30.4% in previous studies;
13% gave birth preterm, compared with 18.3% in previ-
ous studies (15,39). In the parent trial of maternal influenza
immunization, influenza vaccination during pregnancy was
effective in prevention of influenza infection in infants and
was also associated with increased birthweight (20). This
finding suggests that prevention of potential respiratory
illness during pregnancy may decrease the risk of adverse
birth outcomes.

Limitations of this study included the relatively small
number of women with HMPV during pregnancy. We ob-
served most outcomes at rates at 10%-50%, but with only
25 women having HMPV during pregnancy, we had the
power only to detect risk ratios of 1.6 to 3.5. A further limi-
tation was the collection of swabs only in cases of febrile
respiratory illness; asymptomatic or afebrile infections
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would not have been captured. Because previous studies
have found that adults with HMPV are often afebrile, with
fever reported among 0-55% of adults, we likely under-
estimated the true incidence of HMPV (6,11,32,34,40).
Preceding respiratory viral infections may increase risk for
secondary bacterial infections, such as pneumococcus and
staphylococcus. Unfortunately, in this study we did not test
for bacterial infections and thus cannot assess whether these
had an effect on clinical outcomes. The study was confined
to a single rural district, which may have limited the varia-
tion in risk factors, such as caste and education. However,
this region of Nepal (in the plains along the border with Bi-
har, India) is broadly representative of South Asia, a region
with a population density and birth rate among the highest
in the world. Few studies of HMPV have been conducted in
these types of settings, particularly among pregnant wom-
en, which is notable because the presentation and clinical
outcomes of disease may differ in regions of the world with
high rates of household density, malnutrition, and indoor
air pollution.

In summary, in this prospective study involving active,
home-based surveillance in a rural South Asia setting, we
found that HMPV is a relatively frequent cause of symp-
tomatic febrile illness during pregnancy. These data may
help providers to make decisions about therapeutic care,
particularly as more inexpensive viral diagnostic tests be-
come available. Finally, as attempts to develop a vaccine
or antiviral therapy for HMPV are currently under way,
the identification of risk factors for infection and for severe
disease is crucial to identify groups that would benefit most
from these advances, and to help develop focused preven-
tion strategies.
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orovirus infections are a leading cause of acute gas-

troenteritis worldwide in persons of all age groups.
Despite the broad genetic diversity, norovirus Gll.4 has
predominated during the past 20 years (1). During winter
2014-15, a new norovirus GlI genotype 17 variant, known
as Kawasaki 308-like 2014 (GIl.17 Kawasaki), emerged
and became the predominant genotype in Hong Kong, Chi-
na (2), several major cities of mainland China (3,4), and Ja-
pan (5). This variant also was detected sporadically outside
of Asia in countries such as Italy, Romania, and the United
States (6-8). This new GI11.17 Kawasaki variant is distinct
from other GI1.17 strains, including the co-circulating Ka-
wasaki 323-like strains; it has 2 characteristic amino acid
insertions in the most surface-exposed antigenic region of
the major capsid viral protein 1 (VP1) (2). These changes
have the potential to alter the antigenic properties or the vi-
rus—host cell binding preference, raising concern about the
global spread of this variant and its replacement of Gll.4
variants (9). To study the phylodynamic transmission pat-
tern of norovirus GI1.17 Kawasaki, we analyzed full-length
VP1 nucleotide sequences collected worldwide during late
2014 through early 2016.

The Study

We chose the region VVP1 to analyze because it contained the
most hypervariable protruding domain 2 across the norovi-
rus genome and represented most sequences deposited in the
public domain. The entire dataset comprised 254 complete
VP1 sequences from 13 countries, and all were obtained
from samples collected during September 2014—March 2016
(Table). Among them, 129 sequences from 10 countries were
determined for this study (online Technical Appendix, https://
wwwnc.cdc.gov/ElD/article/23/8/16-1138-Techappl.pdf),
and the remaining 125 sequences were retrieved from Gen-
Bank. These sequences were collected from diverse settings,
including outbreaks in healthcare facilities and food-serving
sites, sporadic community cases, and hospitalized patients
(online Technical Appendix Table 1).

GI1.17 Kawasaki viruses were found in 13 countries
across 4 continents: Canada, China, Germany, Hungary, It-
aly, Japan, the Netherlands, New Zealand, Russia, Slovenia,
South Korea, Thailand, and the United States. Australia and
South Africa reported no GI1.17 Kawasaki as of mid-2015
and early 2016, respectively. Maximum-likelihood phylo-
genetic inference showed different genetic clusters within
GII.17 Kawasaki, indicating rapid genetic diversification
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Table. Number of complete viral protein 1 nucleotide sequences of norovirus genogroup |l genotype 17 Kawasaki analyzed from
September 2014 to March 2016, grouped by country, source of sequence, and time of collection*

Year of collection, quarter

Source of sequence 2014 2015 2016
Region and country GenBank  This study Q3 Q4 Q1 Q2 Q3 Q4 Q1 Total
Asia
China
Hong Kong 81 45 1 26 67 12 2 18 126
Shanghai 3 8 2 1 1 2 5 11
Other cities 31 3 28 31
Other countries
Japan 2 13 8 2 5 15
South Korea 5 2 2 1 5
Thailand 7 1 1 5 7
Oceania: New Zealand 6 2 2 2 6
Europe
Germany 5 1 3 1 5
Hungary 1 1 1
Italy 1 1 1
The Netherlands 5 1 2 2 5
Russia 25 1 2 8 12 2 25
Slovenia 4 1 2 1 4
North America
Canada 6 1 2 3 6
United States 1 5 1 1 2 2 6
Total 125 129 1 35 109 21 18 31 39 254

*Blank cells indicate 0.

of viral population during spread (Figure 1; online Techni-
cal Appendix Figure). Sequences from the same continent
scattered into different genetic clusters, inferring multiple
introduction and frequent transmission events. To investi-
gate the virus transmission pattern, we constructed a medi-
an-joining haplotype network based on complete VP1 nu-
cleotide sequences (online Technical Appendix). Overall,
the 254 VP1 sequences comprised 207 different haplotypes
(Figure 2). We identified a highly connected basal haplo-
type (Figure 2) that consisted of 8 identical VVP1 sequences
collected in the initial phase of the epidemic during No-
vember 2014-March 2015 from 6 cities mostly in Asia (2
from Hong Kong; 1 from Shanghai, China; 1 from Guang-
zhou, China; 1 from Taiwan; 2 from South Korea; and 1
from Russia). The same basal haplotype was concluded
using integer neighbor-joining and tight span walker net-
work models. The central node might represent a compe-
tent virus haplotype capable of replicating and spreading
efficiently among humans and from which nearly all hap-
lotypes originated. We found only 2 nucleotide differences
without amino acid change between the basal haplotype
and the first case-patient with GII.17 Kawasaki virus in this
study (NS-405; collected in September 2014 from Hong
Kong) (Figure 2, black arrow). We determined complete
genomes that comprised the basal haplotype for this study
for the 2 Hong Kong strains and downloaded data for the
2 South Korea strains. These viruses had 4 unique amino
acid substitutions distinct from NS-405: 2 in the nonstruc-
tural polyprotein (A187D in N terminal protein and N739S
in protease) and 2 in VP2 (K58R and A89S; outside of
the VP1-interacting domain) (online Technical Appendix
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Table 2). Substitution in the protease might mediate chang-
es in the cleavage efficiency of the polyprotein in norovi-
rus replication (10). Although we noted no substitutions in
the RNA-dependent RNA polymerase, N terminal protein
and VP2 were previously implicated in modulating poly-
merase activity, virus tropism, and persistence (11,12). The
4 non-VP1 residues may affect viral fitness of the emergent
GI1.17 Kawasaki in humans; however, functional charac-
terization is required (13).

We identified 3 important sublineages by topology
(Figure 2). Viruses belonging to sublineage SL1 (Figure
2, blue shading) clustered closest to the first GII.17 Ka-
wasaki isolate in this study. SL1 included strains from 6
countries outside of China across 3 continents: Thailand
(collected in October 2014), United States (November
2014), Italy and the Netherlands (February 2015), Slove-
nia (August 2015), and Canada (December 2015-Janu-
ary 2016). The global spread of GlI.17 Kawasaki viruses
within a few months after the initial emergence in China in
late 2014 highlights rapid transmissibility of these viruses.
Despite the molecular evidence of early global presence
of SL1, the apparent limited circulation of this sublineage
is intriguing. SL1 was the only sublineage not originat-
ing from the basal haplotype but directly from the earliest
NS-405. Sequence analysis of the other 2 SL1 complete
genomes available, collected from the United States (Hu/
GI1.17/Gaithersburg/2014/U.S.; GenBank accession no.
KR083017) and Taiwan (Hu/GI1.17/CGMH70/2015/TW;
GenBank accession no. KR154231), found none of the 4
non-VP1 substitutions observed in the basal haplotype. In
this dataset, viruses belonging to sublineage SL2 had the
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Figure 1. Maximum-likelihood phylogenetic inference of complete viral protein 1 nucleotide sequences of norovirus Gll.17 Kawasaki.
The tree was constructed using MEGAG (http://www.megasoftware.net) (online Technical Appendix, https://wwwnc.cdc.gov/EID/
article/23/8/16-1138-Techapp1.pdf). The red asterisk denotes the reference sequence of Gll.17 Kawasaki virus (Hu/GII/JP/2015/
Gll.P17_Gll.17/Kawasaki308; GenBank accession no. LC037415). The tree is rooted to genotype Gll.21 (not shown for clarity).
Bootstrap values >70 (percentage) are shown at nodes. Sublineages SL1 to SL3 are defined by the topology of haplotype network
shown in Figure 2. Branches are colored by the continent of sequence origin. The tree is drawn in scale; scale bar indicates
nucleotide substitutions per site.
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Norovirus Gll.17 Kawasaki 308

Figure 2. Median-joining haplotype network of 254 complete viral protein 1 nucleotide sequences of norovirus Gll.17 Kawasaki. A) Each
vertex represents a unique sampled haplotype. Internal black nodes are unsampled intermediate hypothetical haplotypes. Black arrow
denotes the first case of norovirus GlI.17 Kawasaki in this study (NS-405; collected in September 2014 from Hong Kong). Blue arrow
denotes a highly connected basal haplotype from which nearly all haplotypes originated. Vertices are colored by country of collection.
Blue shading indicates a sublineage (SL1) genetically closest to the first case of Gll.17 Kawasaki virus in this study. Pink shading

indicates a sublineage (SL2) with global spread. Green shading indicates an emergent sublineage (SL3) in China in 2016. Vertex size is
proportional to the number of sampled sequences sharing the same haplotype. Length of edge is not drawn to scale. Each hatch mark
indicates 1 nt difference between connecting haplotypes/nodes. Red triangles represent reference strains of corresponding sublineage
(online Technical Appendix Table 1, https://wwwnc.cdc.gov/ElD/article/23/8/16-1138-Techapp1.pdf). The asterisk denotes the reference
sequence of Gll.17 Kawasaki virus (Hu/GlI/JJP/2015/GII.P17_GII.17/Kawasaki308; GenBank accession no. LC037415). Bar charts
show the number (gray bars) and percentage (black squares) of cases of sublineages SL2 (B) and SL3 (C) by country in the seasons of

2014-15 (September 2014—June 2015) and 2015-16 (July 2015—-March 2016).

most cases and widest geographic breadth (Figure 2, pink
shading). SL2 was detected in 6 countries outside of China
across 3 continents (Germany, Japan, New Zealand, Rus-
sia, Slovenia, and Thailand) and most of the non-China
sequences from 2014-15 (36%) and 2015-16 (41%) sea-
sons belonged to this sublineage (Figure 2, inset). The
most successful SL2 might have an advantage to global
spread, although we cannot rule out sampling bias. Dur-
ing the 2015-16 season, SL2 continued to circulate over

Emerging Infectious Diseases * www.cdc.gov/eid * Vol. 23, No. 8, August 2017

a wide geographic area, although none of the sequences
from China belonged to this sublineage. Instead, sublin-
eage SL3, first detected in January 2015 as a minority (7%)
in China in the 2014-15 season, became the predominant
(63%) circulating GI1.17 Kawasaki virus in both southern
(Hong Kong) and eastern (Shanghai) parts of China during
2015-16 among sequences analyzed (Figure 2, green shad-
ing and inset). No sequences from other countries clustered
into SL3. This emerging sublineage highlights that GI1.17
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Kawasaki viruses were still circulating and, more impor-
tant, rapidly evolving in various regions of China. Robust-
ness of sublineage topology was confirmed in the phyloge-
netic tree (Figure 1).

Conclusions

We determined the complete VP1 sequences of 129 GII.17
Kawasaki strains from 10 countries. Our analyses suggest
that the new GI1.17 Kawasaki originated from a single hap-
lotype from which rapid genetic diversification into mul-
tiple sublineages occurred during global spread after the
initial emergence in China in late 2014. Norovirus diversi-
fication into sublineages provides a preepidemic virus pool
from which new pandemic GlI.4 variants emerged (14).
Although our study is limited by its focus on VP1 sequence
analysis and not on virus genomes, it nevertheless is a good
demonstration that a global network of norovirus laborato-
ries sharing virus sequence information can delineate virus
transmission pattern upon spread.

Acknowledgments
We thank Yuanyuan Qiu and Eloisa Hasing for technical support.

This study was supported in part by the Commissioned Health
and Medical Research Fund (Phase 3) of Food and Health
Bureau of the Hong Kong Special Administrative Region
Government (to M.C.W.C.; reference number CU-15-C2);
institutional direct grant for research (to M.C.W.C.; reference
number 2015.1.036); Thailand’s Research Chair Grant from

the National Science and Technology Development Agency (to
Y.P.); and European Union H2020 grant COMPARE under grant
agreement number 643476. The New Zealand samples were
collected for norovirus outbreak surveillance purposes, which is
funded by the New Zealand Ministry of Health.

Dr. Martin C.W. Chan is an assistant professor in the
Department of Microbiology of the Chinese University of Hong
Kong. His research interest focuses on molecular epidemiology
and pathogenesis of human noroviruses.

References
1. Pringle K, Lopman B, Vega E, Vinje J, Parashar UD, Hall AJ.
Noroviruses: epidemiology, immunity and prospects for
prevention. Future Microbiol. 2015;10:53-67. http://dx.doi.org/
10.2217/fmb.14.102
2. Chan MC, Lee N, Hung TN, Kwok K, Cheung K, Tin EK, et al.
Rapid emergence and predominance of a broadly recognizing and

1354

fast-evolving norovirus GI1.17 variant in late 2014. Nat Commun.
2015;6:10061. http://dx.doi.org/10.1038/ncomms10061
3. LuJ,SunlL,FangL,YangF, Mo, Lao J, et al. Gastroenteritis
outbreaks caused by norovirus GI1.17, Guangdong Province,
China, 2014-2015. Emerg Infect Dis. 2015;21:1240-2.
http://dx.doi.org/10.3201/eid2107.150226
4. GaoZ, LiuB,HuoD, YanH,JiaL, DuY, etal. Increased
norovirus activity was associated with a novel norovirus
GI1.17 variant in Beijing, China during winter 2014-2015.
BMC Infect Dis. 2015;15:574. http://dx.doi.org/10.1186/
512879-015-1315-z
5. Matsushima Y, Ishikawa M, Shimizu T, Komane A, Kasuo S,
Shinohara M, et al. Genetic analyses of GI1.17 norovirus strains in
diarrheal disease outbreaks from December 2014 to March 2015 in
Japan reveal a novel polymerase sequence and amino acid
substitutions in the capsid region. Euro Surveill. 2015;20:21173.
http://dx.doi.org/10.2807/1560-7917.ES2015.20.26.21173
6. Medici MC, Tummolo F, Calderaro A, Chironna M, Giammanco GM,
De Grazia S, et al. Identification of the novel Kawasaki 2014
GI1.17 human norovirus strain in Italy, 2015. Euro Surveill.
2015;20:30010. http://dx.doi.org/10.2807/1560-7917.
ES.2015.20.35.30010
7. Dinu S, Nagy M, Negru DG, Popovici ED, Zota L, Oprisan G.
Molecular identification of emergent GII.P17-GII.17 norovirus
genotype, Romania, 2015. Euro Surveill. 2016;21:30141.
http://dx.doi.org/10.2807/1560-7917.ES.2016.21.7.30141
8. Parra Gl, Green KY. Genome of emerging norovirus GI1.17,
United States, 2014. Emerg Infect Dis. 2015;21:1477-9.
http://dx.doi.org/10.3201/eid2108.150652
9. de Graaf M, van Beek J, Vennema H, Podkolzin AT, Hewitt J,
Bucardo F, et al. Emergence of a novel GI1.17 norovirus—end
of the GI1.4 era? Euro Surveill. 2015;20:21178. http://dx.doi.org/
10.2807/1560-7917.ES2015.20.26.21178
10. Hardy ME. Norovirus protein structure and function. FEMS
Microbiol Lett. 2005;253:1-8. http://dx.doi.org/10.1016/j.
femsle.2005.08.031
11. Subba-Reddy CV, Goodfellow I, Kao CC. VPg-primed RNA
synthesis of norovirus RNA-dependent RNA polymerases by
using a novel cell-based assay. J Virol. 2011;85:13027-37.
http://dx.doi.org/10.1128/JV1.06191-11
12.  Nice TJ, Strong DW, McCune BT, Pohl CS, Virgin HW.
A single-amino-acid change in murine norovirus NS1/2 is sufficient
for colonic tropism and persistence. J Virol. 2013;87:327-34.
http://dx.doi.org/10.1128/JV1.01864-12
13. Jones MK, Grau KR, Costantini V, Kolawole AO, de Graaf M,
Freiden P, et al. Human norovirus culture in B cells. Nat Protoc.
2015;10:1939-47. http://dx.doi.org/10.1038/nprot.2015.121
14. Eden JS, Hewitt J, Lim KL, Boni MF, Merif J, Greening G, et al.
The emergence and evolution of the novel epidemic norovirus
GI1.4 variant Sydney 2012. Virology. 2014;450-451:106-13.
http://dx.doi.org/10.1016/j.virol.2013.12.005

Address for correspondence: Paul K.S. Chan, Department of
Microbiology, 1/F Lui Che Woo Clinical Sciences Building,
Prince of Wales Hospital, Shatin, Hong Kong, China; email:
paulkschan@cuhk.edu.hk

Emerging Infectious Diseases ¢ www.cdc.gov/eid ¢ Vol. 23, No. 8, August 2017



Preliminary Epidemiology of Human
Infections with Highly Pathogenic Avian
Influenza A(H7ZN9) Virus, China, 2017
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We compared the characteristics of cases of highly patho-
genic avian influenza (HPAI) and low pathogenic avian
influenza (LPAI) A(H7N9) virus infections in China. HPAI
A(H7N9) case-patients were more likely to have had expo-
sure to sick and dead poultry in rural areas and were hospi-
talized earlier than were LPAI A(H7N9) case-patients.

ince the first human infections with avian influenza

A(H7N9) virus were identified in early 2013 (1),
mainland China has experienced 5 epidemics of hu-
man infections with A(H7N9) virus (2). As of March
31,2017, a total of 1,336 cases of laboratory-confirmed
A(H7N9) virus infections were detected; case-fatality
proportion was ~40%. The fifth epidemic began Septem-
ber 1, 2016, and the number of A(H7N9) virus infection
cases has surged since December 2016 (2). Until recent-
ly, all human infections were with low pathogenic avian
influenza (LPAI) A(H7N9) virus, which causes little or
no disease in infected poultry. Risk factors for human
infection with LPAI A(H7N9) virus include visiting a
live poultry market (LPM) or raising backyard poultry,
and mortality is higher among older adults with chronic
comorbid conditions (3,4).

On February 18, 2017, the National Health and
Family Planning Commission of China reported genetic
sequencing results on virus isolates from 2 patients from
Guangdong Province who had A(H7N9) virus infection
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(initially reported to the Chinese Center for Disease
Control and Prevention [China CDC] in January 2017)
that were consistent with highly pathogenic avian in-
fluenza (HPAI) viruses. Insertions at the hemagglutinin
gene cleavage site consistent with HPAI A(H7N9) vi-
rus were confirmed by the Chinese National Influenza
Center (CNIC) (5). Detection of HPAI A(H7N9) virus
in LPMs in Guangdong Province was reported on Febru-
ary 20, 2017 (6). An additional case of HPAI A(H7N9)
virus infection was identified in Taiwan in a patient with
illness onset in Guangdong Province (5,7,8). To assess
whether disease severity in humans has changed with
HPAI A(H7N9) compared with LPAI A(H7N9) virus
infection, we described the epidemiologic character-
istics of cases of HPAI and LPAI A(H7N9) virus in-
fections identified during the current fifth epidemic in
mainland China.

The Study

Detection, reporting, and confirmation of HPAI A(H7N9)
virus infection was the same as for LPAI A(H7N9) and
HPAI A(H5N1) virus infections, as previously described
(3,9,10). Since the first case of HPAT A(H7N9) virus infec-
tion was identified in 2017, genetic analyses are performed
at provincial China CDC laboratories or at CNIC on respi-
ratory specimens collected from all case-patients identified
with A(H7N9) virus infection to distinguish between HPAI
and LPAI A(H7N9) viruses. Field investigations and data
collection protocols for HPAI A(H7N9) cases were the
same as for LPAI A(H7N9) cases (3).

We extracted information from field investigation
reports and the notifiable infectious surveillance system
to describe the demographic, clinical, and epidemiologic
characteristics of HPAI A(H7N9) case-patients. We used
descriptive statistics to compare HPAI A(H7N9) cases
with all LPAI A(H7N9) cases reported throughout main-
land China and with LPAT A(H7N9) cases identified in the
same provinces as HPAI A(H7N9) cases during the fifth
epidemic reported as of March 31, 2017. Collection and
analyses of data from human infections with A(H7N9) vi-
rus were determined to be part of an ongoing public health
investigation of emerging outbreaks and thus were exempt
from institutional review board assessment in China (3).

These authors contributed equally to this article.
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Figure 1. Geographic
distribution of human cases of
infection with HPAI A(H7N9)
virus, China, September 1,
2016—March 31, 2017. The red
circles indicate the counties with
HPAI A(H7N9) virus infections
within Guangxi, Guangdong, and
Hunan Provinces during the fifth
epidemic. Shading indicates the
total numbers of LPAI A(H7N9)
virus infections by province
during the fifth epidemic.

HPAI, highly pathogenic avian
influenza; LPAI, low pathogenic
avian influenza.

Eight cases of HPAI A(H7N9) virus infection were
identified from 3 provinces in southern China (Figure 1).
The first 2 case-patients had illness onset on December 30,
2016, and January 5, 2017, in Guangdong Province. Addi-
tional case-patients were identified in Hunan and Guangxi
Provinces with illness onset during February 2017 (Figure
2). Of the 8 total case-patients, the median age was 57 years
(range 28-71 years), and 4 (50%) were male. Most (75%)
case-patients lived in rural areas, as defined previously (4),
and all were exposed to poultry within 10 days of illness
onset. Five case-patients had exposure to backyard poultry,
including 4 exposed to sick or dead poultry; 2 had house-
hold exposure to poultry purchased from LPMs, including
1 with poultry that were sick and died in the home; and 1
was a poultry worker who sold and slaughtered poultry at
an LPM. One cluster of HPAI A(H7N9) cases was identi-
fied in 2 adult sisters; 1 sister had houschold exposure to
sick and dead poultry, and the other sister had exposures
to sick and dead poultry at her sister’s house, to poultry
brought inside her home from her sister’s house, and to her
ill sister while that sister was hospitalized.

All 8 HPAI A(H7N9) case-patients were admitted to
hospital a median of 2.5 days (range 0-5 days) after illness
onset. All 8 case-patients received oseltamivir treatment a
median of 4 days (range 1-8 days) after illness onset; 7
were admitted to an intensive-care unit, and 6 were placed
on mechanical ventilation for a median of 5.5 days (range
4-7 days) after illness onset. Four case-patients died a me-
dian of 6.5 days (range 5-44 days) after illness onset, and 4
recovered and were discharged home after a median of 29
days (range 21-52 days) (Table).

1356

Compared with all LPAI A(H7N9) case-patients re-
ported during the fifth epidemic, HPAI A(H7N9) case-pa-
tients were significantly more likely to live in rural areas
(88% vs. 47%; p = 0.031), have exposure to sick or dead
poultry (50% vs. 16%; p = 0.037), and be hospitalized earli-
er (median 2.5 vs. 5 days; p = 0.032) (Table). No significant
differences were observed in median age, sex, prevalence of
underlying chronic medical conditions, median time from
illness onset to starting antiviral treatment, or proportion of
patients who received oseltamivir treatment, intensive-care
unit admission, or mechanical ventilation (Table). Although
the median time from illness onset to death (6.5 vs. 13 days)
was shorter and the overall case-fatality proportion (50%
vs. 37%) was higher for HPAI A(H7N9) case-patients than
for LPAT A(H7N9) case-patients, these differences were not
statistically significant (Table). When the analysis was re-
stricted to the 3 provinces with HPAI A(H7N9) cases identi-
fied during the fifth epidemic, the only significant difference
was a shorter median time from illness onset to death for
HPAI A(H7N9) case-patients compared with LPAI
A(H7N9) case-patients in Guangxi Province (5 vs. 17 days;
p =0.0192).

Conclusions

Our preliminary findings indicate that HPAI A(H7N9)
virus infection was associated with exposure to sick and
dead backyard poultry in rural areas. In the ongoing fifth
epidemic in mainland China, HPAI A(H7N9) case-patients
were hospitalized earlier than LPAI A(H7N9) case-patients
but otherwise had similar epidemiologic characteristics and
disease severity.

Emerging Infectious Diseases ¢ www.cdc.gov/eid ¢ Vol. 23, No. 8, August 2017



Human Infections with HPAI A(H7N9), China

Figure 2. Human infections with
HPAI or LPAI A(H7N9) viruses,
by illness onset date, China,
September 1, 2016—March

31, 2017. A) Dates of illness
onset for the 8 HPAI A(H7N9)
cases compared with those

for all LPAI A(H7N9) cases. B)
Dates of illness onset for the 8
HPAI A(H7N9) cases compared
with those for LPAI A(H7N9)
cases in 3 provinces (Guangxi,
Guangdong, and Hunan).

The small number of HPAI A(H7N9) cases limited
our statistical power to detect differences in epidemiolog-
ic characteristics and disease severity between HPAI and
LPAI A(H7N9) case-patients. Data were not available for
all variables analyzed, including outcomes for some LPAI
A(H7N9) case-patients who remained hospitalized. Our
findings might suggest more rapid progression and greater
disease severity for HPAI A(H7N9) case-patients, because
mortality was higher and the intervals from illness onset to
diagnosis and to death were shorter compared with LPAI
A(H7N9) case-patients; however, these differences were
not significant.

Because A(H7N9) virus circulation among poultry is
ongoing in mainland China, extensive efforts are needed to
prevent and control the spread of LPAI and HPAI A(H7N9)
viruses among poultry, including in rural areas. Avoidance
of sick or dead poultry that might be infected with HPAI
A(H7ND9) virus can reduce transmission of HPAI A(H7N9)
virus to humans. Enhanced surveillance of HPAI and LPAI
A(H7N9) viruses in poultry and humans, timely virus

Emerging Infectious Diseases * www.cdc.gov/eid * Vol. 23, No. 8, August 2017

characterization, and ongoing assessments of the epidemi-
ology of human infections with A(H7N9) viruses are criti-
cal to guide prevention and control efforts and to provide
information on the risk of these novel influenza A viruses
to public health.
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Table. Selected characteristics of case-patients with HPAI and LPAI A(H7N9) virus infections, mainland China, September 1, 2016—
March 31, 2017*

Infection type

Characteristics HPAL,n=8 LPAI, n =553 p value
Median age (range), y 56.5 (28-71) 57 (3-91) 0.632f1
Age group, y
0-14 0 5/553 (1) NA
15-59 5 (63) 313/553 (57) -
>60 3(38) 235/553 (42) -
Sex
M 4 (50) 400/553 (72) 0.317
F 4 (50) 153/553 (28) -
Residence areat
Urban 1(13) 193/364 (53) 0.0318
Rural 7 (88) 171/364 (47) -
Having >1 underlying medical conditions{ 5 (63) 234/432 (54) 0.733#
Poultry exposure within 10 d of illness onset
Any exposure to poultry 8 (100) 442/500 (90) 1.0008
Visited live poultry market 3(38) 324/442 (73) NA
Exposure to backyard poultry 4 (50) 98/442 (22) NA
Occupational exposure to poultry 1(13) 20/442 (5) NA
Exposure to sick or dead poultry 4 (50) 43/268 (16) 0.037#
Clinical management
Hospitalization 8 (100) 478/480 (99) NA
Antiviral treatment 8 (100) 392/404 (97) NA
ICU 7 (88) 323/403 (80) 1.000
Mechanical ventilation 6 (75) 221/386 (57) 0.476
Timeline of clinical management (median), dt
lliness onset to first medical service seeking 0.5 (0-5) 2 (0-34) 0.096
lliness onset to hospitalization 2.5 (0-5) 5 (0-35) 0.032
lliness onset to antiviral treatment 4 (1-8) 6 (0-29) 0.168
lliness onset to diagnosis 6.5 (4-9) 8 (0-31) 0.241
lliness onset to death 6.5 (5-44) 13 (2-62) 0.180
Outcome
Death 4 (50) 203/376 (54) 1.000
Recovered and discharged 4 (50) 173/376 (46) -

*Values are no. (%) unless otherwise indicated. The x? test was used to compare the variables between HPAI and LPAI groups. Data were missing for
some variables, and data on final outcomes were missing for case-patients with LPAI A(H7N9) virus infection who remained hospitalized as of March 31,
2017. We were not able to perform the statistical analyses to assess differences for some variables because the number of cells with expected frequency
of <5 was >20% and some cells had expected frequency of <1. HPAI, highly pathogenic avian influenza; ICU, intensive-care unit; LPAI, low pathogenic
avian influenza; NA, not available.

TThe z-test was used to compare median age and median days of the timeline of clinical management between HPAI and LPAI groups.

FUrban was defined as cities, towns, and suburbs; rural was defined as villages and countryside (3).

§Residence area and “any exposure to poultry” were compared between HPAI and LPAI groups by using the Fisher exact test.

{[Three HPAI case-patients had chronic cardiovascular disease, and 2 HPAI case-patients had chronic metabolic disease.

#“Having >1 underlying medical conditions” and “exposure to sick or dead poultry” were compared between HPAI and LPAI groups by using the ¥ test for
continuous correction.
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Real-Time Evolution of Zika Virus

Disease Outbreak,

Trevor Brooks, Arup Roy-Burman,
Cascade Tuholske, Michael P. Busch,
Sonia Bakkour, Mars Stone, Jeffrey M. Linnen,
Kui Gao, Jayleen Coleman, Evan M. Bloch

A Zika virus disease outbreak occurred in Roatan, Hondu-
ras, during September 2015-July 2016. Blood samples and
clinical information were obtained from 183 patients given
a clinical diagnosis of suspected dengue virus infection. A
total of 79 patients were positive for Zika virus, 13 for chi-
kungunya virus, and 6 for dengue virus.

Zika virus is a mosquitoborne flavivirus that is clinically
nonspecific and associated with severe congenital in-
jury (1-5). Zika virus is closely related to dengue virus
(DENV), which is endemic to Roatan, the largest Hondu-
ran Bay island (population ~46,000 persons), located 50
km north of the Honduras mainland (6). However, most
cases of DENV infection are diagnosed clinically because
of limited capacity for laboratory confirmation.

We initiated a pilot study in 2015 to correlate clinical
(signs and symptoms) and laboratory diagnostic findings
for cases of presumptive dengue. As of September 2015,
Zika virus had not been identified in Roatan. We report
emergence of Zika virus on Roatan.

The Study

We conducted a cross-sectional survey of patients who
came to Public Hospital Roatan during September 2015-
July 2016 and were given a clinical diagnosis of suspected
dengue fever. This hospital, the only public hospital in
Roatén, has 58 inpatient beds. Approximately 90% of den-
gue cases on Roatan are diagnosed at this hospital; most
case-patients came to the emergency department, which
had 18,578 visits in 2015 (Public Hospital Roatan Internal
Statistics, unpub. data).
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Roatan, Honduras

We used a convenience sampling approach. All pa-
tients >2 years of age given a diagnosis of clinically sus-
pected DENV infection at the hospital during the enroll-
ment period were eligible. Suspected DENV infection
was diagnosed by using criteria of the Honduran Ministry
of Health, which are fever plus 2 of the following: nau-
sea/vomiting, rash, headache/retroorbital pain, myalgias/
arthralgias, petechiae/positive tourniquet test result, leuko-
penia, and bleeding.

Patients were enrolled after we obtained informed con-
sent; minors were enrolled only after we obtained parental
permission. Ethical approval was granted by institutional
review boards of the University of California, San Francis-
co, and Universidad Nacional Auténoma de Honduras. En-
roliment of participants and blood collection were restrict-
ed to workday hours (8:00 am—4:00 pm) Monday through
Friday. Patients underwent a phlebotomy and completed a
clinical questionnaire, administered verbally in English or
Spanish that addressed demographics, migration history,
employment, medical history, and symptoms and signs of
arbovirus infection.

Samples of whole blood (5-9 mL) were collected
in EDTA-treated vacutainers (BD Diagnostics, Franklin
Lakes, NJ, USA) within 1 h of diagnosis. Samples were
centrifuged (35,000 rpm), which yielded sufficient plasma
to prepare 5 equal aliquots (minimum 0.5 mL/aliquot). Ali-
quots were labeled with patient identification numbers and
stored frozen at —30°C pending testing.

In July 2016, samples were shipped on dry ice to Blood
Systems Research Institute (San Francisco, CA, USA)
where initial testing was performed by using the Trioplex
Assay (Centers for Disease Control and Prevention, Atlan-
ta, GA, USA) for detection of DENV, chikungunya virus
(CHIKV), and Zika virus RNA. RNA was extracted from
140 pL of plasma and eluted in 60 pL of buffer (QlAamp
Viral RNA Mini Kit; QIAGEN, Valencia, CA, USA).

Multiplex real-time reverse transcription PCR (RT-
PCR) was performed using the SuperScript 111 Platinum
One-Step qRT-PCR Kit (ThermoFisher Scientific, Pitts-
burgh, PA, USA) with DENV, CHIKYV, and Zika virus
primers and probes developed at the Centers for Disease
Control and Prevention. Each duplicate reaction contained
10 puL of sample RNA in a reaction volume of 25 pL.
Samples were tested in a 96-well format in a real-time in-
strument (LightCycler 480 System; Roche, Basel, Switzer-
land). Results were considered positive if the cycle thresh-
old was <38.
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A more sensitive Zika virus—only test based on tran-
scription-mediated amplification (Aptima Zika Virus As-
say; Hologic Inc., San Diego, CA, USA), which processed
0.5-mL plasma into each amplification reaction, was per-
formed in parallel for all samples to confirm Zika virus
infections detected by the Trioplex Assay and detect low
levels of Zika virus RNA (7). The Aptima Assay was used
for further analysis.

At conclusion of study enrollment, addresses of par-
ticipants were mapped by using a hand-held eTrex 20
(Garmin, Lenexa, KS, USA), which generated global po-
sitioning system coordinates for their homes. The survey,
laboratory test data, and global positioning system coordi-
nates were uploaded into ArcGIS version 10.3.1 software
(Esri, Inc., Redlands, CA, USA). All potential predictors
of Zika virus infection were analyzed by using univariate
logistic regression models in Stata version 13 (StataCorp
LLC, College Station, TX, USA). Characteristics that were
significant (p = 0.10) by univariate analysis were entered
into a multivariable logistic regression model.

A total of 183 patients participated and provided blood
samples (Table 1). Most (60%) patients were women. Mean
age was 26 (interquartile range 19-37 years). Mean time
to seeking treatment after onset of signs or symptoms was
3.2 days. The most commonly reported signs or symptoms
were headache (90%), arthralgia (89%), myalgia (87%),

Zika Virus Disease Outbreak, Roatan, Honduras

retroorbital pain (71%), and rash (55%). Most patients
lived in homes that had a nondirt floor (93%), running wa-
ter (81%), and electricity (90%). Only 25% reported hav-
ing mosquito nets over their beds. Six (3%) of 183 patients
were positive for DENV RNA, and 13 (75%) were positive
for CHIKV RNA. In contrast, Zika virus RNA was detect-
able in 66 (36%) of 183 patients by the Trioplex assay and
in 79 (43%) of 183 patients by the Aptima assay.

The enrollment rate was low through the first part of
the study, when <3 case-patients/wk were enrolled (Figure
1). In the first week of February 2016, eight case-patients
were enrolled, followed by 26 case-patients the following
week. The first case of laboratory-confirmed Zika virus in-
fection on Roatan occurred on January 27, 2016; Zika virus
infection peaked (16 cases) during February 8-14. Timing
of accrual of positive case-patients matched expected sea-
sonality of arbovirus infection. Cases decreased steadily
through the remainder of the sample collection period.

The Zika virus outbreak was focused in the ma-
jor population centers in Coxen Hole, Los Fuertes, and
French Harbor (Figure 2). Except for West Bay and West
End, cases were widely distributed on the island. West
Bay and West End are major tourist centers on Roatan;
absence of cases might be ascribed to tourists and expatri-
ates who were unlikely to seek medical attention at Public
Hospital Roatén.

Table 1. Demographic characteristics of persons with suspected Zika virus infections, Roatan, Honduras, September 2015—July 2016*

Zika virus infection, No Zika virus infection,

Characteristic Total, n = 183 n=79 n =104
Age, y 26 (19-37) 27 (21-38) 24 (17-35)
Sex
M 73 (39.9) 28 (35.4) 45 (43.3)
F 110 (60.1) 51 (64.6) 59 (56.7)
Living conditions
Dirt floor 12 (6.6) 4(5.1) 8(7.7)
Running water 149 (81.4) 71 (89.9) 78 (75.0)
Electricity 165 (90.2) 75 (94.9) 90 (86.5)
Mosquito nets over beds 46 (25.1) 22 (27.8) 24 (23.1)
Rooms 2(1-2) 2 (1-3) 2(1-2)
Persons in household 4 (3-5.5) 4 (3-5) 4 (3-6)
Sign or symptoms
Headache 165 (90.2) 75 (94.9) 90 (86.5)
Muscle aches 159 (86.9) 67 (84.8) 92 (88.5)
Joint ache 162 (88.5) 71 (89.9) 91 (87.5)
Eye pain 131 (71.6) 61 (77.2) 70 (67.3)
Rash 102 (55.7) 73 (92.4) 29 (27.9)
Bleeding 1(0.5) 0 1(1.0)
Vomiting 49 (26.8) 11 (13.9) 38 (36.5)
Petechiae 5(2.7) 2(2.5) 3(2.9)
Epistaxis 1(0.5) 0 1(1.0)
Gingivitis 3(1.6) 1(1.3) 2(1.9)
Other 123 (67.2) 53 (67.1) 70 (67.3)
Body temperature, °C, mean (SD) 37.8(1.1) 37.3(0.9) 38.1(1.1)
Days between symptom onset and seeking treatment 3(1-4) 3(1-4.5) 2 (2-4)
History of infectious diseases
Dengue 45 (24.6) 21 (26.6) 24 (23.1)
Malaria 33(18.0) 18 (22.8) 15 (14.4)
Chikungunya 61 (33.3) 28 (35.4) 33(31.7)
*Values are median (IQR) or no. (%) unless indicated otherwise. IQR, interquartile range.
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Figure 1. Weekly case occurrence of Zika virus, dengue virus, and chikungunya virus infections, by testing type, Roatan, Honduras,
September 2015-July 2016. Aptima, Aptima Zika Virus Assay (Hologic Inc., San Diego, CA, USA); Trioplex, Trioplex Assay (Centers for

Disease Control and Prevention, Atlanta, GA, USA).

Multivariable analysis showed that rash (odds ratio
[OR] 30.6, 95% CI 10.8-86.9) and headache (OR 11.2,
95% CI 2.7-46.7) were independently associated with Zika
virus infection. Fever (OR 0.44, 95% CI 0.26-0.74) and
vomiting (OR 0.25, 95% CI 0.08-0.73) were associated
with a decreased risk for Zika virus infection (Table 2).

This study had limitations. Our exclusive enroll-
ment of patients who came to Public Hospital Roatan
excluded patients who came to other healthcare facili-
ties or outside daytime working hours who were not
sufficiently symptomatic to seek care. Alternative body
fluids (e.g., saliva, urine, whole blood) were not avail-
able for testing, and serologic testing for Zika virus was
not performed because of cost constraints and cross-re-
activity between Zika virus and DENV antibodies. We
did not perform confirmatory testing of CHIKV- and

1362

DENV-positive samples. This study could be biased for
detecting Zika virus and not DENV/CHIKV because of
use of a more sensitive assay.

Conclusions

We demonstrated the evolution of the Zika virus disease
outbreak in Roatan, Honduras, in early 2016. Findings
highlight challenges in case ascertainment based only on
clinical diagnosis. In the absence of laboratory confirma-
tion, clinical diagnosis has low specificity because of over-
lap of signs and symptoms between infections with Zika
virus, DENV, CHIKYV, and a host of other regionally en-
demic infections. Enrollment was contingent upon a sus-
pected diagnosis of dengue. However, DENV was detected
in <5% of case-patients, whereas 43% of case-patients had
acute Zika virus infections.

Figure 2. Spatial distribution
of confirmed cases

of infection with Zika

virus, dengue virus, and
chikungunya virus, Roatan,
Honduras, September 2015—
July 2016.
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Table 2. Logistic regression analysis of predictors for Zika virus infection, Roatan, Honduras, September 2015—July 2016

Univariate logistic regression

Multivariable logistic regression

Characteristic Odds ratio (95% CI) p value Odds ratio (95% CI) p value
Household
Running water 2.96 (1.26-6.96) 0.01 2.93 (0.78-11.1) 0.11
Electricity 2.92 (0.92-9.24) 0.07 2.36 (0.39-14.3) 0.35
Sign or symptom
Headache 2.92 (0.92-9.24) 0.07 11.20 (2.70-46.7) 0.001
Rash 31.5(12.3-80.2) <0.0001 30.6 (10.8-86.9) <0.0001
Vomiting 0.28 (0.13-0.60) 0.001 0.25 (0.08-0.73) 0.01
Fever 0.38 (0.25-0.57) <0.0001 0.44 (0.26-0.74) 0.002
After a rapid peak in early February 2016, there wasa References

slow decrease in reported cases through July 2016, when
enrollment concluded. Access to laboratory testing remains
a barrier to surveillance and clinical management in low-
resource countries where Zika virus disease outbreaks
are predominantly focused, but laboratory infrastructure
is lacking (2).
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Clonal Expansion of New Penicillin-Resistant
Clade of Neisseria meningitidis Serogroup W
Clonal Complex 11, Australia

Shakeel Mowlaboccus, Keith A. Jolley,
James E. Bray, Stanley Pang, Yung Thin Lee,
Jane D. Bew, David J. Speers, Anthony D. Keil,
Geoffrey W. Coombs, Charlene M. Kahler

In Western Australia, Neisseria meningitidis serogroup W
clonal complex 11 became the predominant cause of inva-
sive meningococcal disease in 2016. We used core-genome
analysis to show emergence of a penicillin-resistant clade
that had the penA_253 allele. This new penicillin-resistant
clade might affect treatment regimens for this disease.

nvasive meningococcal disease (IMD) is caused by a

meningococcus, Neisseria meningitidis. The main mani-
festations of this disease are septicemia or meningitis. Me-
ningococcal strains can be classified into 12 serogroups
phenotypically and into sequence types (STs) by multilocus
sequence typing (1). Similar STs are grouped into the same
clonal complex (cc). IMD is most commonly caused by
isolates expressing a serogroup A, B, C, W, X, or Y poly-
saccharide capsule. Until recently, serogroup A was the ma-
jor cause of disease in Africa (2). Serogroups B, C, and Y
continue to predominate in the United States, Europe, Asia,
and Australia (3,4).

In Australia, after introduction of serogroup C conju-
gate vaccine in the national immunization program in 2003,
incidence of serogroup C has decreased; serogroup B pre-
dominated during 2004-2015. However, during 2016, the
prevalence of serogroup W disease increased because of N.
meningitidis strains in the cc11 lineage (MenW:cc11) (5,6),
which have also been reported worldwide. Although ex-
tensive core-genome analyses of these MenW:cc11 strains
have been reported (7,8), antimicrobial drug susceptibility
of these clinical isolates has not been generally reported.
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Although penicillin has been used for control of IMD,
clinical isolates relatively resistant to this drug have been
reported worldwide. For meningococci, a penicillin MIC
>2 mg/L is caused by plasmid-mediated p-lactamase
production but is extremely rare (9). Conversely, isolates
conferring intermediate resistance to penicillin (MIC
0.12-0.25 mg/L) are uncommon but the frequency of these
isolates varies geographically. The mechanism of relative
resistance in these isolates involves expression of altered
forms of 1 of 4 penicillin-binding proteins (PBPs) that are
involved in peptidoglycan biosynthesis during bacterial
growth and cell division (10).

Although treatment with penicillin is still effective
against these penicillin-intermediate strains, low-dose
treatment regimens may fail for cases involving penicillin-
resistant isolates (MIC >0.5 mg/L) (11). We report recent
emergence and clonal expansion of a phylogenetically re-
lated cluster of penicillin-resistant MenW:cc11 isolates in
Western Australia.

The Study

Western Australia is the largest state in Australia (land area
1.02 million square miles). However, it has a population of
only 2.5 million persons. In concordance with the national
trend, there has been a shift in the predominant serogroup in
Western Australia; MenW was responsible for most IMD
cases in 2016. The first laboratory-confirmed MenW:ccl1
case in Western Australia was recorded in April 2013 and
was the only MenW case for that year. Since that time,
an additional 18 MenW:ccl1 laboratory-confirmed cases
have been reported, representing 11% (n = 2) of all IMD
cases in 2014, 27% (n = 3) in 2015, and 67% (n = 13) in
2016, a significant increase from 2014 through 2016 (p =
0.0004, by Fisher exact test). Three deaths were caused by
MenW:cc11 infection, 1 in 2015 and 2 in 2016.

The 19 MenW:cc11 strains isolated during January 1,
2013-December 31, 2016, were assessed for susceptibil-
ity to penicillin, ciprofloxacin, ceftriaxone, and rifampin.
We performed drug susceptibility testing by using the Etest
(bioMérieux, Marcy I’Etoile, France). MIC results were in-
terpreted according to Clinical Laboratory Standard Insti-
tute (http://clsi.org) breakpoints. All isolates were suscepti-
ble to ciprofloxacin (MIC <0.03 mg/L), ceftriaxone (<0.12
mg/L), and rifampin (<0.5 mg/L). However, variation in
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penicillin susceptibility was observed: 8 were susceptible
(<0.06 mg/L), 2 were less susceptible (0.12-0.25 mg/L),
and 9 were resistant (>0.5 mg/L). All isolates less suscep-
tible to or resistant to penicillin were identified in 2016.

We further characterized isolates by using whole-ge-
nome sequencing with the Miseq Platform (Illumina, San
Diego, CA, USA). Raw reads were assembled, auto-tagged,
and curated by using the BIGSdb genomics platform on the
PubMLST website (http://pubmist.org/neisseria) (12). Four
STs, all belonging to ccl1, were identified: ST-11 (n=11),
ST-1287 (n = 2), ST-3298 (n = 1), and ST-12351 (n = 5).
All isolates had the same PorA:FetA profile (P1.5,2:F1-1)
as that identified in the MenW:cc11 collection responsible
for outbreaks in South America and the United Kingdom
(8). Furthermore, genomic sequences indicated the isolates
from Western Australia were within the same United King-
dom-South America cluster as isolates from the eastern
coast of Australia (13).

Phylogenetic analysis of the meningococcal core
genome (14) identified 2 distinct clusters within the
MenW:cc1l population of Western Australia (Figure 1).
One isolate (ExXNm672) was an outlier and could not be
clustered. EXNm672 was isolated from a traveler from

Figure 1. Neighbor-joining
dendrogram (500 bootstrap
values) for core genome
sequences of clonal complex
11 Neisseria meningitidis
strains with serogroup

W capsules, Western
Australia, Australia, January
2013-December 2016. The
resistance phenotype for the
penicillin G (PenG) gene for
each isolate is provided using
the following breakpoints:
sensitive (MIC <0-0.06 mg/L),
intermediate (0.12-0.25 mg/L)
and resistant (>0.5 mg/L).
Two clusters (A and B) were
observed, which contain
isolates that differ in penicillin
resistance profile. Of 1,605
core-genome loci, @ minimum
of 244 are different between
clusters A and B. The more
recent cluster B appeared

in early 2016 and contains
penicillin-resistant isolates.
Strain EXNm672 does not
belong to either cluster. The
dendrogram is drawn to scale,
and sum of branch lengths
between 2 strains indicates
the proportion of nucleotide
differences between those

Penicillin-Resistant N. meningitidis, Australia

Asia who had recently arrived in Western Australia, which
would likely explain the different genealogy of this strain.
All isolates less susceptible to or resistant to penicillin
were in cluster B. Geocoding analysis showed that the 10
isolates in cluster B were obtained from 7 geographically
well-separated regions in Western Australia. This obser-
vation suggests successful expansion of a new penicillin-
resistant clone in 2016.

For N. meningitidis, polymorphisms within the gene
encoding PBP2, also known as penA, are associated with
a reduced affinity, and thus a decrease in susceptibility, to
penicillin. All isolates in cluster A had the penA_59 allele,
and isolates in cluster B had the penA_253 allele. These
alleles differ by 101 nt, and the encoded peptides differ
at 25 aa positions. The different amino acid residues are
located in the second half of the protein, which contains
the transpeptidase domain for penicillin binding. Six of
the amino acid mutations encoded by penA_253 (F504L,
A510V, N512Y, 1515V, H541N, and 1566V) have been
reported to be associated with decreased susceptibility to
penicillin (15).

The penA_253 allele was identified in MenB isolates
of the cc32 lineage in Europe in early 2012. The PubMLST

core genomes (~1.5 Mb) within the pairwise alignment. Gray shaded box indicates isolates in cluster B. Scale bar indicates nucleotide

substitutions per site. ID, identification; ST, sequence type.
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Figure 2. Phylogenetic reconstruction by using an unrooted neighbor-net algorithm of core genomes of clonal complex 11 Neisseria
meningitidis strains with serogroup W capsules (MenW:cc11), Western Australia, Australia, January 2013—-December 2016. Blue circles
indicate isolates in cluster A from Western Australia; red circles indicate isolates in cluster B from Western Australia; gray circle indicates
ExNm672, a strain isolated from a traveler; open squares indicate the 5 MenW:cc11 isolates in the PubMLST database (http://pubmist.
org/neisseria) that contains the penA_253 allele; and black squares indicate reference MenW:cc11 strains, isolated after 2010, as
described by Lucidarme et al. (8). M7124 is the Haijj clone isolated in Saudi Arabia in 2000. Numbers in parentheses indicate PubMLST
numbers of reference isolates. Scale bar indicates nucleotide substitutions per site.

database has 5 MenW:cc11 invasive isolates harboring this
allele, all of which were obtained in Europe in 2016: 2 from
France, 1 from Sweden, 1 from the United Kingdom, and 1
from the Netherlands. Core-genome analysis showed clus-
tering of these isolates from Europe with cluster B isolates
from Western Australia. (Figure 2).

To assess whether penA was responsible for the dif-
ference in penicillin resistance between the 2 clusters,
the penA_253 allele from cluster B was transformed into
all 8 penicillin-sensitive isolates in cluster A. We subse-
quently tested the penA_253 isogenic mutants obtained for
penicillin resistance by using the Etest. All transformants
displayed intermediate resistance to penicillin (4-fold in-
crease in MIC to 0.25 mg/L). These results indicate that the
penA_253 allele plays a major role in increased resistance
to penicillin among cluster B isolates.

However, exchange of penA did not fully account for
the level of resistance displayed by drug-resistant clinical
isolates. This finding suggests that acquisition of penicillin
resistance among cluster B isolates is multifactorial. Be-
cause PBP1, PBP3, and PBP4 were identical in all isolates
in clusters A and B, there must be additional as yet unde-
termined factors that play a role in conferring resistance to
penicillin in cluster B isolates. A comparison of the core
and accessory genomes of isolates in the 2 clusters is re-
quired to further elucidate this issue.
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Conclusions

MenW is now the predominant serogroup causing IMD in
Western Australia. Core-genome analysis identified a new
cluster of penicillin-resistant MenW:cc11 clinical isolates
that emerged throughout this region during early 2016.
We demonstrated that the penA 253 allele has a major
role in increasing penicillin resistance among isolates in
this new cluster. Because penA 253 has been identified in
MenW:ccl1 isolates in Europe in 2016, jurisdictions are
encouraged to monitor emergence of strains harboring this
allele by PCR for culture-negative cases.
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40 cases of R. parkeri rickettsiosis have been

reported since its recognition in 2004. The Gulf Coast

tick (Amblyomma maculatum) is the principal vector of R. parkeri
in the United States, and all previously documented US infections
arose within the known geographic range of these ticks.
Confirmed cases of R. parkeri rickettsiosis also have been re-
ported from Uruguay and Argentina, where A. triste and

A. tigrinum ticks serve as the principal vector species. Recent
reviews of tick collection records and archived specimens
documented and identified the presence of ticks very closely
related to A. triste in several regions of the southwestern United
States and adjacent regions of Mexico since at least 1942.
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Genesis of Influenza A(H5N8) Viruses
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Highly pathogenic avian influenza A(H5N8) clade 2.3.4.4
virus emerged in 2016 and spread to Russia, Europe, and
Africa. Our analysis of viruses from domestic ducks at Tan-
guar haor, Bangladesh, showed genetic similarities with
other viruses from wild birds in central Asia, suggesting their
potential role in the genesis of A(H5N8).

ighly pathogenic avian influenza (HPAI) viruses of the

H5 subtype remain a serious concern for poultry and
human health. The Gs/GD lineage of HPAI A(H5N1) virus-
es continues to circulate and spread, and the hemagglutinin
(HA) genes have diversified into multiple genetic clades.
HS5 clade 2.3.4.4 of the HSNS subtype was first detected in
domestic poultry in China in 2010; by 2014, this virus had
caused multiple outbreaks among domestic ducks, chickens,
geese, and wild birds in South Korea and subsequent out-
breaks in Japan, China, Europe, and North America (1,2).
During these outbreaks, 2 distinct clusters of HPAI A(H5N8)
viruses were identified: group A viruses were detected in
China in early 2014 and later in South Korea, Japan, Taiwan,
Canada, the United States, and Europe; group B viruses were
detected only in China in 2013 and South Korea in 2014
(3,4). Co-circulation of group A viruses with low pathoge-
nicity avian influenza (LPAI) viruses led to new reassortants,
including H5N1, H5N2, and H5N8 (3).
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In late May 2016, a novel reassortant group B HPAI
A(H5NS8) clade 2.3.4.4 virus was detected in a wild bird in
UVs-Nuur Lake in the Republic of Tyva, Siberia (5). As
of March 2017, the virus had spread across most European
countries, the Middle East, and Africa (6). To better under-
stand the evolution and origin of the novel HPAI A(H5N8)
viruses, we sequenced and analyzed the full genomes of
LPAI viruses isolated from wild and free-ranging domes-
tic ducks in the Tanguar haor area of Bangladesh, located
in the central Asian flyway, and compared them with the
novel HPAI A(H5NS8) viruses.

The Study

Since 2008, we have conducted long-term, active surveil-
lance of influenza viruses in poultry in Bangladesh (7).
From February 2015 through February 2016, we collected
samples from wild birds and free-ranging domestic ducks
in the Tanguar haor area, a vast wetland in northeastern
Bangladesh, where =200 types of migratory birds overwin-
ter. Tanguar haor is located in the central Asian flyway and
is near the Eastern Asian—-Australian and Black Sea—Medi-
terranean flyways (Figure 1). We collected cloacal swabs
from the birds and performed virus isolation and subtyping
via reverse transcription PCR (7).

During the surveillance period, we isolated 4 influenza
A(H3NG6), 4 influenza A(H7N1), 1 influenza A(H7NY), 3
influenza A(H7N9), and 2 influenza A(H15N9) viruses,
all from free-ranging domestic ducks except for a single
H7N5 virus, which was isolated from a migratory black-
tailed godwit (online Technical Appendix Table, https://
wwwnc.cdc.gov/ElD/article/23/8/17-0143-Techappl.pdf).
When analyzed individually, gene segments across viruses
of different subtypes seem to have evolved closely with vi-
ruses from Eurasia. To determine the genetic relatedness
between these viruses and the 2016 novel HPAI A(H5N8)
virus, we compared our isolates with available sequences
of A(H5NS8) viruses in GenBank and the GISAID database
(http://platform.gisaid.org). We used MEGAG to generate
phylogenetic trees (9).

HA, neuraminidase (NA), and nonstructural protein
(NS) genes of novel HPAI A(H5N8) viruses were closely
related to those of the group B HPAI A(H5N8) viruses
that circulated in China in 2013 and in South Korea in
2014 (5,10). In contrast, the polymerase basic (PB) 2,
PB1, polymerase acidic (PA), nucleoprotein (NP), and
matrix protein (M) genes of the novel HPAI A(H5N8)
viruses were most closely related to those of the LPAI
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Figure 1. Global movement of
wild birds (adapted from [8])
and geographic distribution of
novel HPAI A(H5N8) viruses,
2016. Influenza A viruses were
isolated from wild birds and
free-ranging domestic ducks

in the Tanguar haor region of
Bangladesh (yellow square)
during February 2015—-February
2016. Dissemination of novel
HPAI A(H5N8) clade 2.3.4.4
viruses (red arrows). The solid
zone (circle) indicates the
location of group A viruses that
evolved during the breeding
season, and subsequently
spread along different

flyways. The dashed zone
(circle) indicates the location
of proposed reassortment
between HPAI A(H5N8) group
B viruses and low pathogenicity
avian influenza viruses
circulating along the Central
Asian flyway. HPAI, highly
pathogenic avian influenza.

viruses isolated from the central Asia flyway (online
Technical Appendix Figure).

Sequence analysis of novel HPAI A(H5N8) viruses
revealed that sequence similarity of HA, NA, PB1, M, and
NS was 99.9%-100%. Sequence homology of PB2, PA,
and NP gene segments led to classification of novel HPAI
A(H5NS8) viruses into 2 genotypes: genotype 1 viruses iso-
lated from Siberia and genotype 2 viruses isolated from
Europe (Figure 2).

To explore the possible genetic exchange between
LPAI viruses isolated from the Tanguar haor area and
novel HPAI A(H5N8) viruses, we analyzed the phylogeny
and nucleotide identity of the M gene and internal gene se-
quences (online Technical Appendix). The PB2 genes of
HPAI A(H5N8) genotype 1 viruses were closely related to
those of the influenza A(H4N6) virus strain from Mongolia
and shared identity homology with 3 influenza A(H7N1)
viruses; sequence identities ranged from 98.1% to 98.6%.
Genotype 2 viruses were related to influenza A(H3N6)
viruses; identities were 98.6%-98.9%. The PB1 genes of
HPAI A(H5N8) genotype 1 and 2 viruses were related to
those of A/duck/Bangladesh/26918/2015(H3N6); identi-
ties were 97.3%-98.0% (Table). The PA genes of genotype
1 viruses were more closely related to those of the Mon-
golia strains of influenza A(H3NS8) and A(H4N6) viruses.
Genotype 2 viruses were more closely related to those of
A/duck/Bangladesh/26918/2015(H3N6); identities were
97.1%-97.3%. The NP genes of genotype 1 viruses were
more closely related to those of influenza A(H7N9) viruses;

Emerging Infectious Diseases * www.cdc.gov/eid * Vol. 23, No. 8, August 2017

identities were 98.4%-98.6%. However, the NP genes of
genotype 2 viruses were more closely related to those of
influenza A(H3N6) and A(H7N1) viruses; identities were
97%-97.2%. The M genes of genotypes 1 and 2 viruses
were related to those of influenza A(H15N9) viruses; iden-
tities were 98%-98.5% (Table).

We next determined the presence of genetic markers
associated with pathogenicity and virulence in mammals or
adaptation to new hosts. On the basis of the amino acids at
positions 591, 627, and 701 in the PB2 protein, the viruses
are likely to exhibit low pathogenicity in mice. However,
NS residues P42S and V149A, associated with virulence
and pathogenicity in mammals, were in all Tanguar haor
isolates and HPAI A(H5N8) viruses (11,12).

Conclusions

In 2016, a novel HPAI A(H5NS8) virus clade 2.3.4.4 emerged
and spread to Russia, Europe, and Africa. We demonstrated
that several internal genes from viruses in ducks in Bangla-
desh have an equivalent or higher consensus identity to those
of other viruses of wild birds in central Asia, suggesting that
these viruses could be gene donors to the novel reassortant
A(H5N8) viruses, which were then disseminated by wild
birds. The novel HPAI A(H5N8) viruses diverged along 2
genotypes with independent origins of reassortment for sev-
eral gene segments. The HA, NA, and NS genes were related
to group B of H5N8 clade 2.3.4.4 viruses that circulated in
China from 2013. Group B is still circulating in China, and
a previous study showed that these viruses had PB2 and NS
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Figure 2. Illustration of original
reassortment events of novel
highly pathogenic avian influenza
(HPAI) A(H5N8) viruses isolated
from Siberia and Europe in 2016.
The 8 gene segments (from

top to bottom) in each virus are
polymerase basic 2, polymerase
basic 1, polymerase acidic,
hemagglutinin, nucleoprotein,
neuraminidase, matrix, and
nonstructural. Each color indicates
a separate virus background.

In 2010, HPAI A(H5N1) clade
2.3.4 viruses reassorted with
subtype N8 viruses from
Eurasia and produced A/duck/
Jiangsu/k1203/2010(H5NS8).
Until late 2013, HPAI viruses
with H5N8 subtypes circulated
in eastern China and South
Korea. In 2014, HPAI A(H5N8)
viruses reassorted with A/
duck/Hunan/8-19/2009(H4N2)
and A/environment/
Jiangxi/28/2009(H11N9) to
generate group B viruses.

The subsequent reassortment
between HPAI A(H5N8) group

B viruses and low pathogenicity
(LPAI) viruses circulating along
the central Asian flyway led to
generation of the novel HPAI
A(H5N8) genotype 1 and

2 viruses.

genes derived from domestic ducks in eastern China (13),
indicating further reassortment events.

The route of spread of HPAI A(H5N1) viruses from
eastern Asia to Europe, Africa, and the Middle East in
2005 and 2006 most likely occurred by spillover infection
from wild birds. HPAI A(H5N1) viruses were detected
during an outbreak among migratory birds at Qinghai

Lake in China, which is located in the central Asian fly-
way (14), suggesting that this flyway is a route for dis-
semination of HPAI A(H5N1) viruses. A recent study
suggested that only the PA and NP segments of 2016
A(H5NR) viruses isolated in Germany differed from those
of genotype 1 viruses isolated in Siberia, suggesting that
reassortment occurred with viruses circulating in central

Table. Nucleotide identity of novel HPAI A(H5N8) clade 2.3.4.4 virus and viruses isolated from Tanguar haor, Bangladesh*

Gene and genotype, novel HPAI

A(H5N8) clade 2.3.4.4, 2016 Viruses from Tanguar haor (Central Asian flyway)t % ldentity
PB2

Genotype 1% A/duck/Bangladesh/24705/2015(H7N1)8 98.4-98.6

Genotype 2f Alduck/Bangladesh/26920/2015(H3N6) 98.7-98.9
PB1 Alduck/Bangladesh/26918/2015(H3N6) 97.3-98
PA

Genotype 1% A/duck/Bangladesh/24706/2015(H7N1) 95.3

Genotype 2% A/duck/Bangladesh/26918/2015(H3N6) 97.1-97.3
NP

Genotype 1% A/duck/Bangladesh/26992/2015(H7N9) 98.6

Genotype 2% Alduck/Bangladesh/24706/2015(H7N1) 97-97.1
M A/duck/Bangladesh/24704/2015(H15N9) 98-98.5

*HPAI, highly pathogenic avian influenza; NP, nucleoprotein; M, matrix; PA, polymerase acidic; PB, polymerase basic.

TAIl Eurasian low-pathogenicity avian influenza lineage.

FGenotype 1 viruses isolated from Siberia; genotype 2 viruses isolated from Europe.
§Selected 1 representative virus isolate from the Tanguar haor region of Bangladesh.
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Asia and northwestern Europe (10). However, we show
that the PB2, PA, and NP genes of genotype 1 viruses
not only differed from those of genotype 2 viruses but
clustered with and were more closely related to those of
viruses from Bangladesh and central Asia. Active surveil-
lance of influenza viruses among migratory wild birds
and molecular studies need to be sustained to monitor the
spread of these viruses through wild birds.
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West Nile Virus Outbreak in Houston and
Harris County, Texas, USA, 2014

Diana Martinez, Kristy O. Murray, Martin Reyna,
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Umair A. Shah, Mustapha Debboun

Since 2002, West Nile virus (WNV) has been detected ev-
ery year in Houston and the surrounding Harris County,
Texas. In 2014, the largest WNV outbreak to date occurred,
comprising 139 cases and causing 2 deaths. Additionally,
1,286 WNV-positive mosquito pools were confirmed, the
most reported in a single mosquito season.

West Nile virus (WNV) emerged in the United States
in 1999 and in Texas in 2002 (1). During 2002-2011,
Texas reported 2,202 WNV cases and 135 deaths (2). In
2012, the largest statewide WNV outbreak in Texas oc-
curred; 1,868 cases and 89 deaths were reported (3).

Every year since 2002, WNV has been detected in
Houston and the surrounding Harris County (Houston/Har-
ris County), the third most populous US county. This area
was affected by the statewide outbreak in 2012, and then
in 2014, the largest WNV outbreak to date occurred in this
area. We examined the epidemiology of WNV in Houston/
Harris County in 2014.

The Study
We investigated epidemiologic surveillance data on re-
ported WNV case-patients who had onset of illness dur-
ing January 1, 2002—-December 31, 2014, from the Texas
Department of State Health Services and the Houston-area
local health departments: Harris County Public Health
(HCPH) and the Houston Health Department (HHD). We
determined case severity (West Nile neuroinvasive disease
[WNND] and West Nile fever [WNF]) by using established
criteria (4) and calculated attack rates by demographic
characteristics by using population estimates for 2014 (5).
We used Stata 14.0 (StataCorp LLP, College Station, TX,
USA) to conduct statistical analyses.

During 2002-2014, a total of 650 human WNV cas-
es were reported to HCPH and HHD (online Technical
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Appendix Table 1, https://wwwnc.cdc.gov/ElD/article/23/
8/17-0384-Techappl.pdf), including 35 deaths (case-fatal-
ity rate 5.4%). This total represented 14% of all cases re-
ported from Texas during this period. The epidemic curve
revealed an increased number of cases in 2002, 2006, 2012,
and 2014 (Figure 1), which correlated with the minimum
infection rate for mosquitoes (Pearson correlation coeffi-
cientr =0.74).

During 2014, Harris County reported its highest num-
ber of WNV human cases to date: 139 cases and 2 deaths.
Thistotal represented 37% of all cases in Texas. Most (76%)
cases were WNND (Table 1). Overall, incidence was 3.26
cases/100,000 population; 69% of case-patients were male.
Mean case-patient age was 57 years (range 6-92 years);
most (76%) case-patients were >45 years of age. Attack
rates increased with age, from 0.4 cases/100,000 popula-
tion for those <18 years of age to 14.5 cases/100,000 popu-
lation for those >65 years of age. A higher attack rate was
observed among non-Hispanic whites when compared with
black, Hispanic white, and Asian populations. We did not
detect statistically significant differences between WNND
and WNF occurrence related to race/ethnicity, age, or sex
(all p values >0.05). This finding is in contrast to the Texas
2012 statewide outbreak, during which being male, >65
years of age, and of a minority population were statisti-
cally associated with WNND (3). Although results from
this study had similar trends, the lack of statistical signifi-
cance was likely caused by the small sample size of WNF
cases (n = 34).

In 2014, the HCPH Mosquito and Vector Control Di-
vision also identified the largest number of WNV-positive
mosquito pools to date: 1,286 positive pools were identi-
fied through the Rapid Analyte Measurement Platform
(Response Biomedical Corp, Burnaby, British Columbia,
Canada) (Table 2). In Harris County, 782,551 mosquitoes
were collected, comprising 34 of 56 species recorded (6).
We tested 12,608 mosquito pools from 19 species (online
Technical Appendix Table 2) and confirmed in 1,285 Cu-
lex quinquefasciatus (Say) mosquito pools and in 1 Aedes
albopictus (Skuse) pool. The first WNV-positive mosquito
pool was detected during epidemiologic week 23 of 2014
(June 6). Viral detection continued for 20 weeks, ending in
week 42 (October 14). The peak of positive pools (n = 168)
occurred during week 30 (July 20-26). In comparison, dates
of symptom onset for human cases occurred during February
5-December 1, 2014, and peaked during week 33 (Figure 1).
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Figure 1. Epidemic curves
depicting number of cases of
West Nile among humans and
minimum infection rate (MIR) of
positive mosquito pools by year
(A) and by epidemiologic week.
(B), Houston/Harris County,
Texas, 2002-2014 MIR was
calculated by the formula (no.
positive mosquito pools x 1,000)/
no. female mosquitoes pooled).

We used ArcMap 10.2.1 (Environmental Systems
Research Institute, Inc. [ESRI], Redlands, CA, USA) to
determine the distributions of positive mosquitoes and
residences of case-patients where available (n = 128).
Throughout the transmission season, WNV was de-
tected in 237 (88%) of the 268 Mosquito Control Dis-
tricts (MCD) in Harris County. We used the Optimized
Hot Spot Analysis Tool (ArcGIS Pro; ESRI, Redlands,
CA, USA) to calculate the Getis-Ord Gi statistic, which
we used to determine statistically significant clusters
(hotspots) of mosquito activity. We then converted data
for case-patients to graduated frequency dots to deter-
mine spatial patterns. In the hotspot analysis (Figure 2),
red shading indicates MCDs with statistically significant

Emerging Infectious Diseases * www.cdc.gov/eid * Vol. 23, No. 8, August 2017

clustering of positive mosquito pools (90%, 95%, and
99% Cls) compared with neighboring MCDs. The dark
blue areas show where mosquito-positive pools were
statistically less likely to occur. We observed a similar
hotspot pattern in prior years (D. Martinez et al., Har-
ris County Public Health, Houston, TX, unpub. data).
Hotspots are likely related to ecologic areas with higher
vegetation and creeks (7).

The 2014 WNV outbreak in Houston/Harris County
was unexpected, particularly because transmission activity
across the state was at low levels, and only 379 cases were
reported statewide. It is likely that the actual number of
WNV cases was considerably higher, particularly consider-
ing that 76% of reported case-patients had severe WNND,
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Table 1. Demographics and attack rates of West Nile virus cases reported to HCPH and HHD, Houston/Harris County, Texas, USA,

2014*

All case-patients, no. (%),

Attack ratet/100,000 WNF, no. (%), WNND, no. (%),

Case-patient characteristics n=139 population n=34 n =105
Sex
M 96 (69) 4.5 26 (76) 70 (67)
F 43 (31) 2.0 8 (24) 35 (33)
Age, y
<18 5 (4) 0.4 1(3) 4 (4)
18-24 3(2) 0.7 1(3) 2(2
25-44 25 (18) 1.9 6 (18) 19 (18)
45-64 52 (37) 5.2 11 (32) 41 (39)
>65 54 (39) 14.5 15 (44) 39 (37)
Race/ethnicity
White, non-Hispanic 73 (53) 5.3 17 (50) 56 (53)
Black 19 (14) 2.4 6 (18) 13 (12)
White, Hispanic 30 (22) 1.7 4 (12) 26 (25)
Asian 2(1) 0.7 1(3) 1(2)
Other/unknown 15 (11) NA 6 (18) 9(9)

*HCPH, Harris County Public Health; HHD, Houston Health Department; WNF, West Nile fever; WNND, West Nile neuroinvasive disease; NA, not

applicable.

TAttack rates based on 2014 population estimates from the Texas State Data Center (3), accessed February 10, 2017. Total population of Harris

County = 4,269,608.

which indicates a probable diagnostic bias. Prior studies
showed that <1% of WNV infections manifest as WNND
(8,9). A recent study in Houston showed that WNV testing
was ordered for only 37% of viral meningitis/encephalitis
case-patients (10), further highlighting concerns for under-
estimation of the true extent of disease.

We recently reported that WNV activity appears to
have a 3-year pattern that showed increases in reported cases
observed in 2003, 2006, 2009, and 2012 (2,3). During the
years in which we observed increased numbers of cases, we
also observed earlier detection of positive mosquito pools,
which first appeared in May, compared to June in non-
outbreak years. Vector abundance and increased amplitude
of transmission are likely driven by ecologic and environ-
mental factors. In 2014, we were unsure why such a large
outbreak occurred in this region compared with prior years.
Weather patterns during 2012-2014 were different: 2012,
after the drought of 2011, had mild winter temperatures.
Conversely, 2014 had below-average winter temperatures,
above-average rainfall, and no drought conditions. Further
research would aid our understanding of factors that drive
WNYV transmission.

Vector surveillance is vital to disease prevention. The
year-round Integrated Mosquito Management Program in-
cludes surveillance-guided vector control. It is difficult to
estimate the number of WNV cases prevented; however,

considering the high minimum infection rate in 2014 in
the densely populated city of Houston, we believe that 139
cases are a much lower number than what could have other-
wise occurred if no surveillance/control activities had been
implemented. Barber et al. found that vector control is cost-
effective if at least 15 cases of WNND are prevented (11).

Continuous WNV disease activity has had a high
economic effect on the Houston/Harris County area. By
using estimates provided by Barber et al. (11) (adjusted
to 2014 US dollar value [12]), we calculated the acute
medical care and productivity costs of the 2014 outbreak
to be ~$6 million (online Technical Appendix Table 3).
In addition to high medical costs, costs related to reha-
bilitation/long-term care, surveillance, and vector control
would be considerable.

Conclusions

The 2014 outbreak of WNV in the Houston/Harris County
area is a reminder of the continuous effect and the unpre-
dictable nature of disease transmission. With no specific
therapeutic options or vaccine available, the costs related to
medical care, surveillance, and vector control will continue
to mount. Public health authorities should remain vigilant
to prevent mosquitoborne infections. We expect endemic
levels of transmission and occasional epizootics in the
years to come.

Table 2. WNV-confirmed mosquito pools collected from 4 different types of mosquito traps, Houston/Harris County, Texas, USA,

2014*

Trap typet Species No. traps Total no. pools Females pooled WNV  SLE WNV MIR
CDC Gravid Trap Culex quinquefasciatus 3,971 5,025 192,441 716 0 3.72
CDC Miniature Light Trap Cx. quinquefasciatus 3,748 4,617 154,124 566 1 3.67
Biogents Sentinel Trap Cx. quinquefasciatus 926 54 680 3 0 4.41
CDC Gravid Trap Aedes albopictus 1,315 359 952 1 0 1.05

*WNV, West Nile virus; SLE, St. Louis encephalitis virus; MIR, minimum infection rate.
TCDC Gravid Trap and CDC Miniature Light Trap, John W. Hock Company, Gainesville, FL; Biogents Sentinel Trap, Biogents AG, Regensburg,

Germany.
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Figure 2. Optimized hotspot analysis results showing residential locations of persons who had West Nile virus and their association with
positive mosquito hotspots, Houston/Harris County, Texas, 2002—2014. Red “hot” areas represent statistically significant high-risk virus-
positive mosquito activity, compared with blue “cold” areas with low risk for positive mosquitoes.
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Density-Dependent Prevalence of
Francisella tularensis in Fluctuating
Vole Populations, Northwestern Spain

Ruth Rodriguez-Pastor, Raquel Escudero,
Dolors Vidal, Francois Mougeot, Beatriz Arroyo,
Xavier Lambin, Ave Maria Vila-Coro,
Isabel Rodriguez-Moreno, Pedro Anda,
Juan J. Luque-Larena

Tularemia in humans in northwestern Spain is associated
with increases in vole populations. Prevalence of infection
with Francisella tularensis in common voles increased to
33% during a vole population fluctuation. This finding con-
firms that voles are spillover agents for zoonotic outbreaks.
Ecologic interactions associated with tularemia prevention
should be considered.

merging infectious zoonotic diseases are increasing

worldwide, and most zoonoses are linked to wildlife
(1,2). Thus, quantifying disease prevalence in potential
wildlife hosts is critical to understanding the outbreak
dynamics of zoonoses (3). Tularemia, which is caused by
Francisella tularensis, is a problematic zoonotic disease
worldwide, but its ecology remains poorly understood. This
pathogen is classified by the US Centers for Disease Con-
trol and Prevention as a class A bio-threat agent (F. tularen-
sis subsp. holarctica in Europe) because only a few bacteria
are needed to induce tularemia in humans or susceptible
animal species (>250 hosts described) (4). However, the
relative epidemiologic roles (i.e., reservoir, spillover, and
amplification agents) for different hosts are uncertain.

A major hotspot for tularemia in Europe is northwest-
ern Spain (Castilla and Le6n region), where the largest re-
cent outbreaks of the disease have been recorded (>1,000
officially confirmed human cases during 1997-1998 and
2007-2008) (5). In intensive farmlands in Europe, rodents
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and lagomorphs are the main putative mammalian hosts
(5,6), but most studies addressing the epidemiologic roles
of these species have been correlative or used opportunis-
tic sampling.

A recent study suggests that common voles (Microtus
arvalis) are a key agent for human tularemia in northwest-
ern Spain because of a spatial and temporal coincidence
between human tularemia cases and increases in number
of voles (5). Voles periodically fluctuate in density and
can reach high numbers during specific periods in farm-
ing areas (5). Dead voles infected with F. tularensis subsp.
holarctica have been reported in northwestern Spain dur-
ing massive decreases in vole populations (7). If, as hy-
pothesized (5), common voles are a key amplifying and
spillover agent for tularemia in intensive farming areas in
northwestern Spain, we should expect an increased preva-
lence of tularemia in voles as their numbers increase. Thus,
it is crucial to empirically evaluate whether such a density-
dependent pattern occurs in natural populations.

We obtained samples from live voles periodical-
ly collected during population increases (2013-2015)
in northwestern Spain. Our goal was to determine how
prevalence of F. tularensis in common voles varies with
population density.

The Study

We complied with all necessary licenses and permits for
conducting this study. During 2013-2015, a common
vole population fluctuation, which peaked in 2014, was
observed in agricultural areas of Castilla and Ledn, Spain
(8). This increase in vole numbers was moderate (in
terms of peak density) compared with previous increases
when tularemia outbreaks among humans were reported
(1997-1998 and 2007-2008) by the National Network of
Epidemiologic Surveillance of Spain (5,8). In 2014, no
outbreak of tularemia was reported. However, there was
a higher-than-average number of identified cases of tu-
laremia (n = 95) among humans in the area (the regional
average is 3 [range 0-11] casesly, excluding outbreak
years) (5).

To monitor vole abundance during the complete popula-
tion fluctuation, we sampled 80 km? of farmland in Palencia
Province, Spain (42°1'N, 4°42'W), where human tularemia
cases have been reported (5,8). We live-trapped voles sea-
sonally (every 4 months) during March 2013-March 2015.
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Our vole trapping effort was constant (840 traps set for 24
h/seasonal sampling), and our sampling design was spa-
tially stratified (we obtained random samples from 8 alfal-
fas fields, 8 grain fields, and 8 fallow fields at each seasonal
sampling). VVole abundance was estimated as the number of
captures/100 traps/24 h in each season. Trapping was ex-
tractive, and animals were brought alive to our laboratory in
rodent cages provided with food, water, and bedding imme-
diately after their capture. Voles were euthanized by using
CO,. Carcasses were individually frozen at -30°C.

We extracted DNA from a homogenized mixture of
liver and spleen (=25 mg). DNA was extracted by using
standard procedures (QlAamp DNA Mini Kit; QIAGEN,
Valencia, CA, USA). A phylogenetically informative re-
gion of the lipoprotein A (IpnA) gene (231 bp) was am-
plified by conventional PCR and hybridized with specific
probes by reverse-line blotting as described (9). We tested
positive samples by using a real-time multitarget TagMan
PCR and tul4 and ISFtu2 assays (10). Negative controls
for PCR and DNA extraction were included in each group
of samples processed. We used R 3.2.4 software (https://
stat.ethz.ch/pipermail/r-announce/2016/000597.html)  for
statistical analyses.

We tested 243 live voles and found an average preva-
lence of F. tularensis of 20.16%. Prevalence greatly varied
between samplings (range 0%-33%) and was strongly relat-
ed to vole abundance (generalized linear model, %2 = 21.64,
df = 1, p<0.001) with a direct and positive density-depen-
dent association (Figure). The predicted odds of tularemia
infection increased by 1.037 (95% CI 1.021-1.056) when
vole density increased by +1 captured vole/100 traps/24 h
(range during the study 1-60 voles/100 traps/24 h). During
the vole population peak in July 2014, a total of 34 (33%)
of 102 sampled live voles were infected with F. tularensis.

Conclusions
We report a direct and positive density-dependent associa-
tion between prevalence of F. tularensis in common voles
and their abundance in agricultural landscapes. These find-
ings are consistent with vole-to-vole transmission and am-
plification of the bacterium as vole density increases. Voles
experimentally infected with F. tularensis die within a few
days after rapid acute infection and generally show high
bacterial loads in organs (11). Thus, transmission between
voles might involve direct contact, cannibalism, or contam-
ination of the environment. In our study, all voles tested
were alive and free of obvious signs of disease when cap-
tured, which implied that prevalence could be higher than
what we estimated if moribund voles were less trappable
and underrepresented in trapped animals.

The role that exogenous sources (i.e., other animals,
environmental sources) might play in modulating infec-
tion prevalence among vole populations still needs to be
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Figure. Vole abundance and tularemia prevalence,
northwestern Spain. A) Temporal variations in vole abundance
(no. captures/100 traps/24 h) and tularemia prevalence.

Four voles were tested in March 2013, 15 in July 2013, 32

in November 2013, 63 in March 2014, 102 in July 2014, 19

in November 2014, and 8 in March 2015. B) Relationship
between tularemia prevalence and vole abundance.
Histograms show number of positive (top) or negative (bottom)
voles sampled at each level of vole density. Curved line
indicates a generalized linear model result.

clarified. Notwithstanding and irrespective of the precise
mechanism(s) of transmission, our results support the hy-
pothesis that exponential growth of common vole popula-
tions is crucial for amplification of tularemia transmission
in farmlands, and that increases in vole populations are
linked to periodic emergence of human cases of tularemia
in Spain (5). Vole density can reach >1,000 voles/hectare
(i.e., >300 tularemia-infected voles/hectare) during out-
breaks, potentially leading to contamination of the envi-
ronment and other wildlife, including harvestable species,
such as crayfish and hares, which have higher contact rates
with humans than voles (5).

Tularemia is probably not completely enzootic in vole
populations because we did not detect F. tularensis at low
densities of voles, which suggests involvement of animal
or environmental reservoirs. A key unknown facet of the
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ecologic cycle of F. tularensis is where does it persist be-
tween epizootic periods (5,6). There is no evidence for F.
tularensis replication in arthropods. However, ticks might
be a reservoir of this pathogen because they have life-long
infections. Thus, mammalian populations are probably
needed to amplify tularemia in the environment (11).

Characteristic spatial and social behaviors of voles,
including increased contact rates, aggression, and wound-
ing, during massive population increases readily account
for amplification of disease transmission rates and spread
(5,12). Although reservoir and vector hosts of F. tularensis
at variable densities can play major roles in the ecologic
cycle of tularemia in different ecosystems, there appears to
be a common link between tularemia outbreaks and rodent
population fluctuations across Europe (5,6,11,13).

Common voles are useful for surveillance of tulare-
mia, and strategic prevention programs should incorporate
their temporal fluctuations in planned preventive actions.
Because vole numbers seem to modulate the risk for dis-
ease exposure in humans, monitoring vole population dy-
namics can help anticipate and increase awareness of the
risk for tularemia in rural areas of Spain.
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Occupational Exposures to Ebola Virus in
Ebola Treatment Center, Conakry, Guinea
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We report 77 cases of occupational exposures for 57 health-
care workers at the Ebola Treatment Center in Conakry, Guin-
ea, during the Ebola virus disease outbreak in 2014-2015.
Despite the high incidence of 3.5 occupational exposures/
healthcare worker/year, only 18% of workers were at high
risk for transmission, and no infections occurred.

Occupational infections during the West Africa Ebola
virus disease (EVD) outbreak in 2014-2015 were a
major concern because this outbreak caused 109 deaths
among the healthcare workers in Guinea (1). There was
also international concern when secondary cases occurred
in Spain and the United States (2,3).

The Healthcare Workers Treatment Center in Cona-
kry, Guinea, sought to diagnose and treat healthcare
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workers with suspected or proven EVD by offering ex-
tensive medical care (e.g., blood or plasma transfusions,
central venous catheterization, biologic monitoring). This
center had 5 persons with suspected EVD and 9 persons
with confirmed EVD.

The first objective of this study was to describe
the occupational exposures occurring in the Healthcare
Workers Treatment Center. The second objective was to
analyze factors associated with the frequency of high-
risk exposures.

The Study

A total of 66 volunteers from the French Armed Forces
Medical Service worked in the high-risk zone for EVD.
These volunteers wore personal protective equipment
(PPE): coveralls with hoods, large goggles, waterproof res-
pirator masks that filter >94% of airborne particles, water-
proof overshoes, a double pair of nitrile gloves, and a third
pair of latex gloves. They followed preliminary biosafety
training on basic rules, prevention of percutaneous injuries,
and management of incidents in exposed or infected areas
(e.g., skin exposure, body fluid projection, fainting). Be-
cause removal of PPE was considered the highest risk for
virus transmission (4), we opted for PPE removal by pro-
tected persons trained to undress persons without spraying
the high-risk zone with bleach.

We conducted a descriptive prospective study during
January 23-May 8, 2015, of all occupational exposures
in the high-risk zone and reported by a healthcare worker.
Occupational exposure was defined as any malfunction of
PPE or any noncompliance of biosafety protocols in the
high-risk zone. Incidental and demographic data, risk eval-
uation, and interventions were obtained by using a stan-
dardized questionnaire for all reported exposures.

When an exposure occurred, the exposed healthcare
worker had to report the exposure to the physician at the
Healthcare Workers Treatment Center. This physician used
a detailed questionnaire to obtain information on condi-
tions of exposure and evaluated the risk for transmission as
low or high, as per French recommendations (Table 1) (5).
On the basis of results of this evaluation, clinical monitor-
ing or postexposure prophylaxis (PEP) with favipiravir was
prescribed. Correlates of risk exposure were examined by
using the y?2 test for categorical variables and the Mann-
Whitney test for continuous variables.

A total of 22 healthcare workers from Guinea with
confirmed EVD were treated in the Healthcare Workers
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Table 1. Risk levels of transmission factors for Ebola virus disease for healthcare workers, Conakry, Guinea*

Exposure

Risk level

EVD without diarrhea,
vomiting, and hemorrhaging

EVD with diarrhea, vomiting,
and hemorrhaging

Contact (>1 m) with patients not projecting biological fluids
Close contact (<1 m) with patients not projecting biological fluids
Direct contact with biological fluids

Cumulative incidents during removal of PPE

Transcutaneous or mucosal exposure to infected biological fluids

Low Low
Low High
High High
Low High
Maximum Maximum

*Adapted from recommendations of the French High Council on Public Health (5). EVD, Ebola virus disease; PPE, personal protective equipment.

Treatment Center during the study. These workers repre-
sented 85% of infected healthcare workers from Guinea
during the same period. Six of these workers died (mortal-
ity rate 27%). None of them worked in an Ebola Treatment
Center but all were infected in their community or in other
public/private healthcare facilities when not using PPE.
During January 23—-May 8, 2015, healthcare workers from
France at the Healthcare Workers Treatment Center had
3,081 encounters with the high-risk zone for EVD. A total
of 77 cases of occupational exposures in the high-risk zone
were reported by 57 healthcare workers (30 nurses) from
France, which represented an incidence of 2.5% (3.5 occu-
pational exposures/worker/y) (Table 2). Most (62, 80.6%)
workers had a low risk for virus transmission.

The most frequent type of exposure incident (n = 63)
was exposure of healthy skin on the face because goggles
or respirator masks did not stay correctly in place during
patient care. Only 4 healthcare workers reported problems
during removal of PPE. Only 14 high-risk occupational

exposures were reported; 11 were exposures of healthy
skin <1 m from a patient projecting biologic fluid, 2 were
projections of biologic fluids to healthy skin, and 1 was
fluid projection to mucous membranes. This final incident
occurred during discharge of a cured patient who had an
undetectable viral load. Percutaneous exposure did not oc-
cur during the study period.

Age, sex, carrying glasses, activity, experience with
an activity, duration of the activity in the high-risk zone,
exposure time, and time of the study were not associated
with a higher frequency of high-risk exposure. The only
factor associated with high-risk exposure was obtain-
ing a blood sample (p = 0.016). Most (72.7%) occupa-
tional exposures occurred during the first month of the
study. For all exposures, skin disinfection with 0.05%
sodium hypochlorite and monitoring of body tempera-
ture were initiated. PEP with favipiravir was not used,
and no patients were evacuated to France. EVD did not
develop in healthcare workers at the Healthcare Workers

Table 2. Characteristics of 77 occupational exposures for healthcare workers at Ebola Treatment Center, Conakry, Guinea, January—

May 2015*
Characteristic Total, n =77 Low risk, n = 62 High risk, n =15
Exposure
Healthy skin >1 m from patientt 52 (67.5) 52 (83.9) 0
Healthy skin <1 m from patientt 11 (14.3) 0 11 (73.3)
Mucous membrane >1 m from patient 1(1.3) 1(1.6) 0
Undressing patient 6 (7.8) 6 (9.7) 0
Fluid projection on healthy skint 2(2.6) 0 2 (13.3)
Fluid projection on mucous membrane 1(1.3) 0 1(6.7)
Percutaneous exposure 0 0 0
Other 4 (5.2) 3(4.8) 1(6.7)
Exposed worker activityt
Fluid management 26 (33.8) 21 (33.9) 5(33.3)
Patient care or clinical examination 35 (45.5) 28 (45.2) 7 (46.7)
Blood samplingt 13 (16.9) 7 (11.3) 6 (40.0)
Supervision 6 (7.8) 4 (6.5) 2(13.3)
Undressing patient 9(11.7) 9 (14.5) 0
Other 5 (6.5) 4 (6.5) 1(6.7)
Mean activity duration, min 53.5 53.9 52
Exposure time interval
6:00 AM—10:00 Am 30 (39.0) 24 (38.7) 6 (40.0)
10:01 AM—4:00 PM 16 (20.8) 11 (17.7) 5(33.3)
4:01 pm—8:00 PM 21 (27.3) 18 (29.0) 3(20.0)
8:01 PM—5:59 AM 9(11.7) 8(12.9) 1(6.7)
No data 1(1.3) 1(1.6) 0
Time of exposure
First month 56 (72.7) 45 (72.6) 11 (73.3)
Last month 21 (27.3) 17 (27.4) 4(26.7)
*Values are no. (%) unless otherwise indicated.
tAssociated with high risk of virus transmission (p<0.05).
$>1 activity was possible.
Emerging Infectious Diseases * www.cdc.gov/eid * Vol. 23, No. 8, August 2017 1381
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Treatment Center during the study or after they returned
from Guinea to France.

Conclusions

To our knowledge, there are few data regarding occupa-
tional exposures in a medical facility caring for EVD pa-
tients. Limited data are available for potential occupational
exposures in an Ebola Treatment Center (6). Rare cases of
EVD in healthcare workers have been reported from Af-
rica (7-9) or other areas (2,3,9). However, all healthcare
workers from Guinea who we treated were infected in their
communities or when providing care in other healthcare fa-
cilities (7,8). In the Healthcare Workers Treatment Center,
we observed a high incidence of 3.5 occupational expo-
sures/healthcare worker/year, which was much higher than
the incidence of 0.077 occupational exposures/nurse/year
typically observed in hospitals in France (10). This high
incidence was responsible of excessive concern by some of
the healthcare workers from France. However, this concern
should be balanced by the low risk for Ebola virus trans-
mission for each exposure.

Classification of transmission risk was difficult. The
French recommendations (5) were established for expo-
sures in hospitals in France and were not adapted for poor-
ly equipped hospitals (e.g., the Healthcare Workers Treat-
ment Center was composed of tents and direct contact with
infected walls was frequent because of lack of space and
displacement of googles or masks). Data show that infec-
tion with Ebola virus from environment is possible (11).
More than 80% of occupational exposures were at low risk
for virus transmission and did not justify prescription of an-
tiviral treatment, such as favipiravir, which has been used
to prevent EVD infection despite lack of data concerning
its efficiency (12-14). A large part of skin exposure should
be avoided by improving PPE and limiting activities could
displace goggles or masks.

We observed various circumstances that could af-
fect exposure to Ebola virus. In contrast to what we ex-
pected (4), exposure incidents during removal of PPE were
rare, probably because healthcare workers are extensively
trained for this activity. Thus, an increase in infections was
not observed. No demographic, professional, or incidental
factors were associated with a higher frequency of risk ex-
posure. Obtaining a blood sample was a high-risk activity
because this can be a stressful procedure and because of
constraints associated with PPE, such as an increased core
body temperature (15).

Technical training for healthcare workers dealing
with EVD patients should be increased. A large number
of occupational exposures occurred in the first month of
the study, which showed that more technical experience
could decrease the risk for infection. Despite the high in-
cidence of occupational exposures, no infections occurred
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during or after the study, which showed that countermea-
sures we implemented were efficient in preventing virus
transmission. Nosocomial transmission of Ebola virus can
be avoided by appropriate materials, reliable biosafety
protocols, and training. These suggestions could explain
why only a few cases of transmission at the Ebola Treat-
ment Center were observed. However, improvements in
PPE components, training of healthcare workers, and
PEP strategy are required to face future outbreaks of
virus diseases.
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Serologic Evidence of Powassan Virus Infection
In Patients with Suspected Lyme Disease?
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Laura D. Kramer, Thomas R. Fritsche,
Yvette A. Harrington, Konstance K. Knox

Powassan virus (POWV) lineage Il is an emerging tick-
borne flavivirus with an unknown seroprevalence in hu-
mans. In a Lyme disease—endemic area, we examined the
seroreactivity to POWYV in 2 patient cohorts and described
the clinical features of the POWV-seroreactive patients.
POWYV disease might be less neuroinvasive than previ-
ously thought.

Powassan virus (POWYV) lineage I, also known as deer
tick virus, is an emerging tickborne flavivirus (1) trans-
mitted by Ixodes scapularis ticks, which are also the primary
vector for Borrelia burgdorferi (Lyme disease pathogen).
In POWV-endemic regions, up to 7% of ticks carry the vi-
rus, and seroprevalence among small mammalian hosts can
exceed 90% (2,3). Because the territory of 1. scapularis is
expanding and the prevalence of POWYV in ticks and mam-
mals is increasing, POWYV poses an increasing threat (2-5).
The seroprevalence of POWYV in humans in some regions of
North America is known (range 0.5%-3.3%), but because
the geographic distribution is quite extensive, the seropreva-
lence of most at-risk populations is uncertain (6).

POWV is typically detected with an IgM antibody
capture ELISA or an IgM immunofluorescence antibody
(IFA) assay. Cases are confirmed by >90% or >50%
plaque reduction neutralization test (PRNT, or PRNT, ),
detection of virus-specific nucleic acids, isolation in cul-
ture, or a >4-fold increase in antibody titers from paired
acute and convalescent sera (7-9). Using these assays, in-
vestigators have identified =100 cases of POWYV encepha-
litis; however, the actual incidence is likely higher (1,6).
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Although nonneuroinvasive disease has been described
for other arboviral illnesses, our knowledge of POWV
has been limited to patients with neuroinvasive disease
(1,8,10,11). In this study, we evaluated the seroreactivity
for POWV in US Midwest patients, many of whom did
not have neuroinvasive disease.

The Study

We selected patients with suspected tickborne disease
(TBD; n = 95) and patients undergoing routine chemical
screening (n = 50) who sought treatment during July—Au-
gust 2015 at the Marshfield Clinic in northern Wisconsin,
a TBD-endemic area. Patients were considered to have
suspected TBD if a serologic test for B. burgdorferi was
ordered. The chemical screening cohort included patients
who had a complete metabolic or lipid panel ordered as
part of their clinical care. We evaluated POWYV seroreac-
tivity of specimens from these patient cohorts and, of the
patients with serologic evidence of POWV infection and
available clinical data, described the clinical features of
their disease. All human subject research protocols were
approved by the Marshfield Clinic Research Institute In-
stitutional Review Board.

We performed screening assays on all specimens for
tick-borne encephalitis virus complex (TBEV-C) and B.
burgdorferi and performed POWV serology on TBEV-
C—positive specimens (Figure; detailed methods in on-
line Technical Appendix, https://wwwnc.cdc.gov/EID/
article/23/8/16-1971-Techappl.pdf). To evaluate heter-
ologous flavivirus cross-reactivity, we performed the West
Nile virus (WNV) enzyme immunoassay (EUROIMMU,
Mountain Lakes, NJ, USA) with TBEV-C—positive sam-
ples. We also performed the Flavivirus Mosaic Panel (EU-
ROIMMUN), an IgG IFA assay panel including tests for
TBEV, WNV, yellow fever virus, dengue viruses 1-4, and
Japanese encephalitis virus, on samples positive for POWV
IgG by the IFA assay. Patient vaccination status and travel
history were also considered.

Clinical data were available for 51 (53.7%) TBD
patients and 50 (100%) patients with routine chemistry
screening completed. For those with clinical data avail-
able, we classified their cases as probable or confirmed by
using the Centers for Disease Control and Prevention case

*Preliminary results from this study were presented at IDWeek;
October 26—30, 2016; New Orleans, Louisiana, USA.
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Figure. Flow chart showing series of tests
performed on specimens obtained from
patients with suspected TBD and patients
undergoing routine chemical screening to
determine POWV seroreactivity, Wisconsin,
July—August 2015. *Performed for TBD
samples positive for POWV IgG or IgM

and chemical screening samples positive

for POWV IgM by IFA assay. TPerformed

for samples positive for POWV 1gG by

IFA assay. EIA, enzyme immunoassay;

IFA, immunofluorescence antibody assay;
POWYV, Powassan virus; PRNT,, >90%
plaque reduction neutralization test; RT-PCR,
reverse transcription PCR; TBD, tickborne
disease; TBEV-C, tick-borne encephalitis virus
complex; WNV, West Nile virus.

definitions (7). We performed statistical analysis with Serologic evidence of POWYV infection was present in
SAS 9.3 (SAS Institute, Inc., Cary NC, USA) and com- 9 (9.5%) TBD patients and 2 (4.0%) patients with routine
pared categorical variables by using Fisher exact tests. chemistry screening completed (p = 0.33) (Table 1). POWV
Significance was defined as p<0.05. infection was confirmed in 3 (3.2%) TBD patients (2 by

Table 1. TBEV-C and Borrelia burgdorferi serologic test results and POWV RT-PCR test results of patients with positive POWV IFA
assay results, Wisconsin, July—August 2015*

Patient POWV IgM IFA POWV IgG IFA B.
no. TBEV-C IgM EIA TBEV-C IgG EIA assayt assayf POWV PRNT§ POWYV RT-PCRY burgdorferi#
Suspected TBD patients
1%+t - + - + - - -
2tt - + - + + - IgG and IgM
3tt + - + - - - IgG and IgM
4tt + - + - - - IgG and IgM
5 + — + — — + —
6 + - + - - - 1gG and IgM
7 + - + - — - IgM
8 + + + + + - 1gG and IgM
oft + — + - — - IgG and IgM
Patients screened by chemical methods
1c + - - + — NA -
2ctt + + + + - NA -

*EIA, enzyme immunoassay; IFA, immunofluorescence antibody; NA, not assayed; POWV, Powassan virus; PRNT, plaque reduction neutralization test;
PRNT90, >90% plaque reduction neutralization test; RT-PCR, reverse transcription PCR; TBD, tickborne disease; TBEV-C, tick-borne encephalitis virus
complex.

1Titers >1:20 were considered positive.

ITiters >1:40 were considered positive.

§Positive if sample had a PRNT titer.

TNot performed in specimens with a negative POWV IgM IFA assay result.

#Samples were screened by EIA and followed up by Western blot.

**Cross-reactivity on POWV IgG IFA assay is consistent with a history of West Nile virus infection.

ttClinical data were available.
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PRNT,, [titer range 1:160-1:320] and 1 by reverse transcrip-  of acute infection (IgM positivity) was found in 2 (2.7%).
tion PCR) and 0 chemical screening patients (p = 0.55). Of  Patients positive only for IgM by IFA assay did not have
the 3 patients with confirmed POWYV infection, evidence PRNT, titers, which was expected because neutralizing

Table 2. Clinical features and histories of patients with positive POWYV IFA assay results, Wisconsin, July—August 2015*

POWV Borrelia Location of
Patient  test burgdorferi CDC case  Travel tick Vaccine
no. results test resultst Clinical features Comorbidities  classification history exposuret history§
Suspected TBD patients
19 19G 1gG and 56-year-old man with 2-wk history of Metabolic - Midwest -
>1:40 IgM erythema migrans. Treated with syndrome,
doxycycline for 14 d. hypertension, 9

y previous had
WNV infection

2 19G 1gG and 53-year-old man with 3-d history of ~ Hyperlipidemia - - -
>1:40, IgM urticarial rash, malaise, fever, and
PRNT fatigue. Patient had chills 3 wks prior
1:160 that resolved. CBC results:

leukocytes 7.3 x 10%L, Hb 13.6 g/dL,
Hct 39.9%, PIt count 322 x 10%/pL;
CRP 3.9 nmol/L. PCR neg for
Anaplasma sp., Babesia sp., and
Ehrlichia muris. Treated with
doxycycline for 21 d with complete
resolution of symptoms. No history of
neuroinvasive disease or TBD.
3 IgM 1gG and 14-year-old girl with 3-d history of None - - -
>1:20 IgM urticarial rash. CBC results:
leukocytes 8.8 x 10%L, Hb 13.0 g/dL,
Hct 40.3%, PIt 393 x 10%uL; CRP 3.6
nmol/L. Treated with doxycycline for

14 d.
4 IgM 1gG and 4-year-old girl with 1-wk history of None Probable - - -
>1:20 IgM fever (103°F), listless, headache,

fatigue, and maculopapular rash.
PCR neg for Anaplasma sp., Babesia
sp., and Ehrlichia muris. Treated with
amoxicillin for 21 d.
9 IgM 1gG and 3-year-old girl with 1-wk history of None Probable - Midwest -
>1:20 IgM intermittent fever, fussiness, and
erythema migrans. After development
of an urticarial rash, treatment with
cefuroxime was changed to
amoxicillin for 21 d.
Patients screened by chemical methods

1c 19G Neg 68-year-old man with no signs or Coronary artery - - -
>1:40 symptoms of acute infectious disease, liver
disease. No history of neuroinvasive  cirrhosis, end
disease or TBD. Died from liver stage renal
cirrhosis. disease
2c IgM Neg 76-year-old woman with 2-d history of =~ Congestive Probable - - -
>1:20, fever, chills, and MRSA infection of heart failure,
1gG the right hand. Mild abdominal pain rheumatoid
>1:40 and diarrhea occurred later in course. arthritis on
CBC results: leukocytes 13.7 x 10%/L, immune-
Hb 9.2 g/dL, Hct 29.7%, PIt 180 x suppressive
10%uL; CRP 1.5 nmol/L; medications

Procalcitonin 0.1 pg/L. Received
daptomycin for 16 d with full
recovery. Currently deceased,
unknown cause of death.
*CBC, complete blood cell count; CDC, Centers for Disease Control and Prevention; CRP, C-reactive protein; Hb, hemoglobin; Hct, hematocrit; IFA,
immunofluorescence antibody; MRSA, multidrug-resistant Staphylococcus aureus; neg, negative; Plt, platelet; POWYV, Powassan virus; PRNT, plaque
reduction neutralization test; WNV, West Nile virus; TBD, tickborne disease; —, no history.
tSamples were screened by EIA and followed up by Western blot.
fPatient-reported tick exposure.
§Known history of vaccination against yellow fever virus, Japanese encephalitis virus, or tick-borne encephalitis virus.
fICross-reactivity on POWYV IgG IFA assay is consistent with a history of West Nile virus infection.

1386 Emerging Infectious Diseases ¢ www.cdc.gov/eid ¢ Vol. 23, No. 8, August 2017



antibodies are often not present during early infection (12).
The 2 patients screened by chemical methods who were pos-
itive for POWYV IgG failed to show neutralization by PRNT;
however, rather than PRNT,, we used POWV PRNT,,
which has greater specificity but lower sensitivity. In addi-
tion, our PRNT was based on POWYV lineage I; thus, our
test was potentially less sensitive at detecting POWYV lineage
[I-specific antibodies and thus less capable of detecting pre-
vious POWYV lineage Il infection.

Similar to other flavivirus serologic assays, consider-
able cross-reactivity occurred with the Flavivirus Mosaic
IgG IFA assay (online Technical Appendix Table) (13).
The fluorescence intensity was stronger for TBEV than it
was for other flaviviruses in all TBD patients except for
1 patient with prior confirmed WNV infection. Both pa-
tients with routine chemistry screening completed who were
POWYV IgG—positive were TBEV IgM—positive. Neither
had a history of yellow fever or dengue virus exposure or
vaccination, although the panel showed cross-reactivity
with these viruses.

Evidence of current or prior B. burgdorferi infection
was present in 63 (66.3%) TBD patients and 4 (8%) patients
with routine chemistry screening completed (p<0.0001). Of
the 41 (43.2%) TBD patients with evidence of B. burgdor-
feri infection, 7 (17.1%) had serologic evidence of acute
POWYV infection and 3 (7.3%) had laboratory-confirmed
POWY infection. When controlling for differences in sero-
prevalence rates of B. burgdorferi, no statistical differences
were evident for POWYV seroprevalence (p = 1.0) or con-
firmed infections (p = 1.0) between patients with routine
chemistry screening completed and TBD patients, although
the study was underpowered in this regard.

B. burgdorferi IgM was detected in 6 (85.7%) of the
7 patients with serologic evidence of acute POWYV infec-
tion, suggesting concurrent infection, which is consis-
tent with surveillance data indicating that POWYV and B.
burgdorferi co-infect I. scapularis ticks (2,3). The rate
of concurrent antibodies we report is higher than that
described for regions of Europe endemic for TBE and
Lyme disease (14).

Clinical data were available for 7 of the patients with
serologic evidence of POWYV infection (Table 2). Infection
probably occurred in 3 patients. A laboratory-confirmed
nonacute infection was found in a patient (patient no. 2)
who did not meet Centers for Disease Control and Preven-
tion criteria. Patient symptoms could not be attributed spe-
cifically to POWYV because all TBD patients with clinical
data available were positive for B. burgdorferi antibodies,
and testing for the possibility of infection with additional
endemic tick pathogens was performed for only 2 patients.

Consistent with previous studies showing increased
susceptibility of children to arboviral diseases, 3 patients
who might have had POWV infection were children
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(Table 2) (15). Fever was present in all patients with evi-
dence of POWYV acute infection; other common symp-
toms were fatigue, malaise, fussiness, listlessness, and
headache. Complete blood cell count and C-reactive
protein did not indicate severe infection. Consistent with
other arboviral diseases, urticarial or maculopapular
rash was documented in 3 patients (15). No patients had
neuroinvasive disease.

This study had limitations. Similar to other serolog-
ic studies, cross-reactivity and prior exposure to POWV
cannot be completely excluded in serologically positive
cases. Analysis for other flaviviruses, prior yellow fe-
ver virus vaccination, and history of travel to dengue-
endemic regions, as well as PRNT, were completed to
address this concern. The study population was limited
to persons in the US upper Midwest, although POWYV is
likely an increasing problem throughout the territory I.
scapularis ticks occupy. Our study results might not be
applicable to these other regions.

Conclusions

In a Lyme disease—endemic area, POWV seroreactiv-
ity and confirmed POWYV infection were present. The
spectrum of disease is broader than previously realized,
with most patients having minimally symptomatic infec-
tion (1,10,11). Further studies are needed to character-
ize clinical disease of POWV monoinfection, document
POWYV seroprevalence in humans, and monitor epide-
miologic trends.
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Serologic Evidence of Scrub Typhus
in the Peruvian Amazon
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Using a large, passive, febrile surveillance program in Ig-
uitos, Peru, we retrospectively tested human blood speci-
mens for scrub typhus group orientiae by ELISA, immu-
nofluorescence assay, and PCR. Of 1,124 participants, 60
(5.3%) were seropositive, and 1 showed evidence of recent
active infection. Our serologic data indicate that scrub ty-
phus is present in the Peruvian Amazon.

I nfections with scrub typhus group orientiae (STGO) are
a common and widespread cause of fever in Asia, the
western Pacific, and northern Australia (the tsutsugamushi
triangle). The causative pathogen, Orientia tsutsugamushi,
is transmitted by the larval stage of trombiculid mites of
the genus Leptobromidium (chiggers). Clinical manifesta-
tions can be mild and unspecific, but complications include
jaundice, meningoencephalitis, myocarditis, and interstitial
pneumonia leading to acute respiratory distress syndrome
and renal failure (1).

Epidemiologic studies in Southeast Asia have iden-
tified rickettsial illness (especially scrub typhus and mu-
rine typhus) as leading causes of treatable undifferentiat-
ed febrile illness, although they are often misdiagnosed
as malaria, dengue, or typhoid fever (2). The causative
agent of scrub typhus was not believed to exist outside
the tsutsugamushi triangle until Orientia spp. were iden-
tified by serologic and molecular methods in febrile pa-
tients from the Middle East (3) and Chile (4). Recently,
more autochthonous cases of scrub typhus were reported
from Chiloé Island in southern Chile, suggesting ende-
micity in the area (5). Therefore, we conducted a study
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to obtain serologic evidence of scrub typhus in the Pe-
ruvian Amazon.

The Study

This study was conducted in Iquitos, which is located in the
Amazon forest in the Department of Loreto in northeast-
ern Peru, where ongoing epidemiologic studies on febrile
illness and rickettsial disease (6,7) have been conducted.
STGO testing was nested in an ongoing febrile surveillance
study (NMRCD.2010.0010), which was approved by the
US Naval Medical Research Unit No. 6 Institutional Re-
view Board (Lima, Peru). The current study protocol was
approved by the US Naval Medical Research Unit No. 6
Institutional Review Board in compliance with all appli-
cable federal regulations governing the protection of hu-
man subjects.

Febrile surveillance was conducted in 12 health facil-
ities (3 hospitals and 9 outpatient clinics; 2 of the 12 were
military facilities) distributed across 4 districts of Iquitos.
Febrile patients who fulfilled the inclusion criteria (ax-
illary temperature >37.5°C, duration of illness <5 days,
and age >5 years) were asked to participate in the study.
An acute-phase blood sample was collected at the time of
enrollment, and a convalescent-phase blood sample was
obtained 10-30 days later. These samples had already
been used for detection of other pathogens (mainly den-
gue virus and other arboviruses), and results and testing
methods have been reported (8).

We retrospectively screened convalescent-phase blood
samples obtained from participants enrolled during 2013
by using an STGO-specific IgG ELISA. We screened
convalescent-phase samples for IgG against a mixture of
whole-cell antigen preparations from Karp, Kato, and Gil-
liam strains of O. tsutsugamushi in an STGO-specific 1gG
ELISA as described (9-11). For convalescent-phase sam-
ples with net absorbance >0.500 at a 1:100 serum dilution,
we subsequently assessed STGO IgG ELISA titer (range
1:100-1:6,400) with their paired acute-phase samples side-
by-side to determine their endpoint titers. We considered
samples with a net total absorbance >1.000 for serum dilu-
tions 1:100, 1:400, 1:1,600, and 1:6,400 titer positive. We
classified samples with a seroconversion or a >4-fold in-
crease in 1gG titer between acute-phase and convalescent-
phase blood samples and minimum titer of 1:400 in the
convalescent-phase sample as indicative of active rickett-
sial infection (11).
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Samples with evidence of active infection were then
confirmed by immunofluorescence assay (IFA) with the
Orientia MIF IgG Kit (Fuller Laboratories, Fullerton, CA,
USA) and Karp, Kato, Gilliam, and Boryong strains of O.
tsutsugamushi according to the manufacturer’s instructions.
We further tested acute-phase samples with evidence for ac-
tive infection by PCR to identify the causative pathogen.

We extracted DNA from whole blood samples by
using QIAmp DNA Mini Kits (QIAGEN, Valencia, CA,
USA) following the manufacturer’s instructions except that
a final elution volume of 100 pL was used. Samples were
stored at —80°C. We assessed DNA samples from persons
with evidence for recent active disease by using a quantita-
tive PCR specific for the O. tsutsugamuchi 47-kD antigen
gene as reported (12).

During 2013, we enrolled 1,497 participants in the main
study. Of these participants, 1,124 had paired serum sam-
ples. Results of the STGO-specific IgG were positive for 60
(5.3%) of 1,124 convalescent-phase serum samples with a
titer >1:400. One participant had a >4-fold increase in titer
(acute-phase sample titer 1:400, convalescent-phase sample
titer >6,400) and was confirmed by IFA as showing a >4-
fold increase in titer for 3 of 4 strains of O. tsutsugamushi
(Karp, Gilliam, and Boryong) and a 2-fold increase in titer
for the Kato strain. A test result of the acute-phase sample
for Orientia sp. DNA was negative. This case-patient was a
22-year-old soldier stationed in a rural military camp at the
time of illness. He had fever, chills, malaise, muscle pain,
nausea, and vomiting but no rash or jaundice. The patient
had not traveled in the 2 weeks before illness and therefore
could not have contracted the infection elsewhere.

Conclusions

We performed a retrospective systematic analysis for the
presence of scrub typhus in lquitos, Peru, by testing blood
samples collected prospectively during unspecific acute
febrile illness. Although definitive molecular evidence of
Orientia spp. infection was not found, our serologic evi-
dence strongly suggests the presence of this pathogen in
tropical areas of Peru.

Seroprevalence among febrile illness patients was low,
especially because most patients tested came from urban
rather than rural areas. In addition, our study design could
further underestimate scrub typhus because we only includ-
ed patients with fever for <5 days, whereas the mean time
to signs of scrub typhus has been reported as 8.2 days (13).
Although the 1 patient with ELISA and IFA evidence of se-
roconversion showed a negative result by PCR, a negative
PCR result during the acute phase of scrub typhus is not un-
common, even when testing is performed on whole blood or
buffy coat samples (14). In addition, whether the causative
agents of scrub typhus in South America are recognized by
the primer set used in the quantitative PCR is unknown (4).
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Cross-reactivity with other Rickettsia spp. does not
seem to be a concern. The Orientia spp. ELISA using the
immunodominant genus-specific, 56-kDa, type-specific an-
tigen (outer membrane protein [Omp]) does not react with
antibodies produced during typhus group rickettsiae (TGR)
and spotted fever group rickettsiae (SFGR) infections be-
cause rickettsiae lack the 56-kDa type-specific antigen. Sim-
ilarly, antibodies produced against Orientia spp. infection
do not react against SFGR and TGR ELISA antigens (lipo-
polysaccharides OmpA and OmpB), because Orientia spp.
do not contain these antigens (15). As expected, screening
results for SFGR and TGR (7) were negative for the case-
patient we report.

Dengue virus and other arboviruses were excluded (by
PCR or virus isolation) as alternative causes of fever. Fur-
thermore, study participants had probably already received
over-the-counter medications, including antimicrobial
drugs, which would account for false-negative PCR results.
According to the prospectively collected clinical data, a
typical rash was not documented for the case-patient we
report. However, because this surveillance study was not
directed toward scrub typhus features, a small eschar could
have been easily missed.

This study raises many new issues, such as possible
local reservoirs and vectors. The presence of trombiculide
mites in Peru has been reported in other areas (16), but this
species has not been studied as a local vector for pathogens.
The case-patient we report was in the military and stationed
in a rural camp. Therefore, he was regularly exposed to
typical vegetation that supports the presence of mites. Our
results and those from studies in Chile (4,5) indicate a need
for a more expansive survey for evidence of scrub typhus,
not only in Peru, but throughout South America.
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Influenza D Virus in Animal Species in
Guangdong Province, Southern China

Shao-Lun Zhai,* He Zhang,! Sheng-Nan Chen,!
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Xiao-Hui Wen, Wen-Kang Wei,! Dan Wang, Feng Li

Molecular tests revealed influenza D viruses of D/OK lin-
eage widely circulating in farmed animal species in Guang-
dong Province, southern China. In particular, we found high
levels of influenza D virus infection in goats and pigs. We
also detected viral RNA in serum specimens and feces of
animals with certain severe diseases.

our types of influenza viruses (A—D) have been con-

firmed (https://www.cdc.gov/flu/about/viruses/types.
htm). The recently discovered influenza D virus is thought
to cause respiratory diseases primarily in cattle and to a
lesser extent in pigs (1-4). Moreover, serologic evidence
for influenza D virus infection in small ruminants and hu-
mans has been established (5,6). Since the initial influ-
enza D virus isolation in the United States in 2011 (1), the
virus has been reported in China, Mexico, France, Italy,
and Japan (7-11). Genetic analysis of the hemagglutinin-
esterase-fusion gene demonstrated that these viruses had
2 distinct lineages, represented by D/OK and D/660 (12).
Recently, a novel influenza D virus that emerged in Japan
has been proposed as the third lineage (11). D/OK lin-
eage—related viruses were previously identified in native
Luxi yellow cattle in Shandong Province, northern China
(7). Despite good progress in identifying domestic cattle
as the primary reservoir of influenza D virus, we know
little about prevalence in other animals. We conducted a
study to clarify the origin and transmission dynamics of
influenza D virus in goats, buffalo, and pigs as well as
farmed cattle.

The Study

In 2016, we collected 607 clinical samples from 4 species
of animals with different clinical diseases and 250 nasal
swab samples from asymptomatic animals (Table) from
16 farms in 4 cities of Guangdong Province: Guangzhou,
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(S.-L. Zhai, S.-N. Chen, T. Lin, R. Liu, D. Wang, F. Li); South
China Agricultural University, Guangzhou (H. Zhang, X. Zhou)
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Qingyuan, Heyuan, and Jiangmen (Figure 1). In addi-
tion, we randomly chose 200 archived Holstein dairy
cattle serum samples, 40 per year, from 2011-2015 to
investigate possible early RNA distribution of influenza
D virus in this region. We used the reverse transcription
PCR method and subcloning protocol (online Technical
Appendix, https://wwwnc.cdc.gov/EID/article/23/8/17-
0059-Techapp.pdf). We performed sequence alignment
using Clustalww implemented in DNAStar software
(DNAStar, Madison, WI, USA), and we conducted phy-
logenetic analyses based on our obtained sequences and
reference truncated sequences (496-bp) of influenza D
viruses from GenBank by using MEGA 5.1 software
(http://www.megasoftware.net; online Technical Ap-
pendix Table).

After testing by reverse transcription PCR with
further sequencing confirmation, we found influenza
D virus—positive rates in 230 total nasal swab samples
of 12.8% (20/156) for dairy cattle, 7.3% (4/55) for na-
tive yellow cattle, and 36.8% (7/19) for pigs. Rates in
324 total serum samples were 7.8% (15/193) for dairy
cattle, 5.9% (3/51) for buffalo, and 33.8% (27/80) for
goats. The influenza D virus—positive rate was also high
(28.9%, 13/45) in swine lung samples. In contrast, we
found no or low prevalence (<2%) in asymptomatic ani-
mals tested (Table). Moreover, all of the archived serum
samples were found to be influenza D virus negative.
Interestingly, 1 of 8 rectal swabs of goats with severe
diarrhea tested positive (Table). Samples from animals
with reproductive problems had a positive rate of 4.3%
(5/116) (Table).

Sequence alignment analysis showed that the nucleo-
tide sequences of influenza D viruses found in this study
shared high similarity (99%-100%) with previously
described sequences from China (7) and low similar-
ity (93.8%-98.8%) with sequences originating from the
United States, France, Italy, Mexico, and Japan (1,8-12).
Similarly, phylogenetic analysis revealed that all influen-
za D virus sequences in this study clustered together with
previous sequences from China and belonged to the D/OK
lineage (Figure 2).

Conclusions
When first discovered, influenza D virus was reported
in diseased pigs in the United States (1). Later, it was

1These authors contributed equally to this article.

Emerging Infectious Diseases ¢ www.cdc.gov/eid ¢ Vol. 23, No. 8, August 2017



Influenza D Virus Animals, Guangdong Province, China

Table. Animal species, location, sample data, and detection rate of influenza D virus, Guangdong Province, China*

Animal species and Farm typet Farm location No. Age range Sample type No. positive/no. Detection
farm animals  of animals samples rate, %
Holstein dairy cattle
A Not all-in-all-out  Guangzhou: Tianhe 2,000 35y Nasal swab 14/86% 16.3
A Not all-in-all-out ~ Guangzhou: Tianhe 2,000 3-5y Serum 10/94% 10.6
B Not all-in-all-out Guangzhou: 800 36y Nasal swab 6/70% 8.57
Luogang
B Not all-in-all-out Guangzhou: 800 3-6y Serum 5/99% 5.05
Luogang
C Not all-in-all-out Guangzhou: Tianhe 175 2-5y Nasal swab 1/508 2
American Landrace pig
D Not all-in-all-out  Guangzhou: Huadu 200 10-15 wks Lung 4/10% 40
E All-in-all-out Heyuan: 1,000 5-5wks  Nasal swab 4/10% 40
Yuancheng
E All-in-all-out Heyuan: 1,000 3-5 wks Lung 1/8% 12.5
Yuancheng
F All-in-all-out Jiangmen: Kaiping 800 8-20 wks  Nasal swab 3/9% 30
F All-in-all-out Jiangmen: Kaiping 800 8-20 wks Lung 8/27% 29.6
G All-in-all-out Heyuan: Dongyuan 600 9-15wks  Nasal swab 1/508 2
Native hybrid white goat
H Not all-in-all-out Guangzhou: 200 0.5-5y Serum 7/25% 28
Zengcheng
| Not all-in-all-out Guangzhou: 300 2-4y Serum 20/559 36.4
Luogang
Native hybrid black goat
J Not all-in-all-out  Qingyuan: Jiangkou 150 1-3y Rectal swab 1/8# 125
K Not all-in-all-out  Jiangmen: Enping 500 14y Nasal swab 0/508 0
Asian buffalo
L Not all-in-all-out Guangzhou: 150 3-5y Serum 2/269 7.7
Nansha
M Not all-in-all-out ~ Guangzhou: Panyu 180 36y Serum 1/259 4
N Not all-in-all-out  Qingyuan: Yingde 400 14y Nasal swab 0/508 0
Native yellow cattle
O Not all-in-all-out  Qingyuan: Qingxin 200 2-5y Nasal swab 4/55% 7.3
P Not all-in-all-out  Qingyuan: Fogang 230 1-3y Nasal swab 0/508 0

*Feeding type of farms A—G was in captivity (poor biosecurity and high density). Feeding type of farms H-K and N-P was free grazing on the hills in the
daytime and in captivity (poor biosecurity and high density) in the nighttime. Feeding type of farms L and M was free grazing in wetland in the daytime and

in captivity (poor biosecurity and high density) in the nighttime.

TAll-in-all-out is a strategy for the control of infectious disease. The barn is emptied of all animals and the accommodation is cleaned and disinfected and

then refilled, all on 1 day.

FThese animals had severe respiratory diseases with a 10%—-30% mortality rate, mainly characterized by expiratory dyspnea and abdominal respiration.

§These animals were asymptomatic.

fThese animals had severe reproductive disorders with a 60%—-70% abortion rate.
#These animals had severe diarrheal disease, characterized by watery diarrhea, limb weakness, and nearly dying.

identified in cattle and swine herds in several other
countries, with or without clinical manifestation (7-11).
Moreover, antibodies to influenza D virus were detected
in goats, sheep, and humans (5-6). Under experimental
conditions, influenza D virus replicated and transmitted
among ferrets and guinea pigs (13). We confirmed that
influenza D virus is widely present in cattle species (dairy
cattle, yellow cattle, and buffalo). We also found influen-
za D virus at a high prevalence (>30%) in pigs and goats
(Table), which is in contrast to the low prevalence found
in previous investigations (1,5,10). The high prevalence
may be caused by poor biosecurity measures and high-
density feeding mode practices in China’s animal industry
as well as possible cross-species transmission (13). Taken
together, our findings expand the host range of influenza
D virus and further emphasize the health concern this vi-
rus poses to multiple animal species.

Emerging Infectious Diseases * www.cdc.gov/eid * Vol. 23, No. 8, August 2017

Previous studies have shown that influenza D viruses
are mainly found in respiratory tract samples (1-4,7,9-12)
and that they have played an etiologic role in bovine respi-
ratory diseases (2—4). In this study, we found that influenza
D virus RNA was present in cattle and goat serum samples;
it was also present in goat rectal swabs, accompanied by
peste des petits ruminants virus and caprine kobuvirus
(data not shown). The distribution of influenza D virus in
our study is not the same as that described under experi-
mental conditions (3).

Influenza viremia, an indicator of disease severity
(14), has been detected in 20.9% of severe cases during the
acute phase of infection or before host death. Our detec-
tion of influenza D virus genome in serum samples from
severely diseased animals (Table) implies that the virus
could enter transiently into the animal’s circulatory sys-
tem through capillaries lining the respiratory tract, which
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Figure 1. Farm locations for
study of influenza D viruses in
cattle, goats, buffalo, and pigs,
Guangdong Province, China.

further contributes to the possibility of detecting virus in
other organs. Similar to previous studies (2,4), we also
found that the reverse transcription PCR positive rate was
significantly higher (4%-40%) in diseased animals than the
rate (<2%) observed in asymptomatic animals (p<0.05),
which suggests a potential correlation between the disease
severity and presence of influenza D virus. For influenza D
virus found in rectal swabs, it might be that animals have
swallowed the virus. Another possibility is that, similar to
influenza A and B viruses, influenza D virus can replicate
within the intestinal tract (15).

We detected influenza D virus in cattle with reproduc-
tive disorders. However, we could not determine whether
influenza D virus is associated with reproductive problems.
Future studies can be designed to investigate these scien-
tific issues.

To date, 2 lineages of influenza D virus (D/OK and
D/660) co-circulate in North America and Europe (8-
10,12). However, only the D/OK lineage has been found
in China, and a potential third lineage was found in Japan
(7,11). Our study confirms and further extends the previ-
ous observation that D/OK lineage circulates in East Asia.
The viral, host, and ecologic factors that shape the observed
contrasting phylodynamics of influenza D viruses among
different geographic regions warrant further investigation.

In addition, we found different minor genetic vari-
ants circulating on the same farm (Figure 2), indicating
the ongoing evolution of influenza D viruses in their hosts

1394

(7,8,11). In comparing our sequences to the reference se-
quences from different animal species, we found 4 frequent
nucleotide mutations (at positions 136, 231, 263, and 486)
(online Technical Appendix Figure 1), which caused 2
amino acid mutations at positions 77 and 88 (online Techni-
cal Appendix Figure 2). Interestingly, among 4 nucleotide
mutations, 1 unique nucleotide (T at position 486) was orig-
inally from the D/660 lineage. Moreover, we found several
consistent sequences co-circulating in multiple animal spe-
cies (online Technical Appendix Figure 1). Our speculation
is that homologous recombination among different influen-
za D viruses and potential cross-species transmission under
field conditions are possible, but further study is needed.

In summary, our study investigating the infection sta-
tus of influenza D virus in different farmed animal species
in Guangdong Province provides novel insights into the
epidemiology and evolution of this virus. In particular, we
document the molecular evidence for influenza D virus in-
fection in goats and buffalo.
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Figure 2. Phylogenetic analysis

of viruses from study of influenza
D viruses in cattle, goats, buffalo,
and pigs in Guangdong Province,
China, compared with reference
viruses. Partial hemagglutinin-
esterase-fusion gene sequences
(496 bp) were aligned by using
ClustalW implemented in DNAStar
software (DNAStar, Madison, WI,
USA), and the phylogenetic tree
was obtained using neighbor-
joining method within MEGA 5.1
software (http://www.megasoftware.
net). Numbers at nodes are
percentages of bootstrap values
obtained by repeated analyses
(1,000 times) to generate majority
consensus tree. Only bootstrap
scores of at least 50 were retained.
Scale bar indicates 0.5% nucleotide
sequence divergence. Gray
shading indicates viruses from this
study; reference viruses obtained
from the United States are marked
with e; from China, ®; from ltaly,
A; from Mexico, V¥; from France,
o; and from Japan ®. Note that D/
swine/Guangdong/YS1/2016 and
D/swine/Guangdong/YS2/2016
are from the same farm; D/swine/
Guangdong/P8/2016 and D/swine/
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Seroprevalence of Baylisascaris procyonis
Infection among Humans, Santa Barbara
County, California, USA, 2014—-2016
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Baylisascaris procyonis (raccoon roundworm) infection is
common in raccoons and can cause devastating pathol-
ogy in other animals, including humans. Limited informa-
tion is available on the frequency of asymptomatic human
infection. We tested 150 adults from California, USA, for B.
procyonis antibodies; 11 were seropositive, suggesting that
subclinical infection does occur.

he raccoon roundworm (Baylisascaris procyonis) is

a potential health risk to humans. Infected raccoons
release eggs in their feces, and these eggs accumulate at
communal defecation sites (latrines). When nonraccoon
hosts consume eggs, larva migrans can cause blindness
and fatal neurologic sequelae (1,2). Less than 5% of mi-
grating larvae reach the brain, and experimental studies
suggest that host size, infection site, and inoculating dose
drive pathology (1).

Reported human disease cases are rare; however, there
is growing evidence for more frequent asymptomatic in-
fections. For example, a recent study showed that 7% of
wildlife rehabilitators had Baylisascaris-specific antibodies
(3). Large and heavily infected raccoon populations prob-
ably contaminate many regions with B. procyonis eggs (1).
These microscopic eggs can survive for years (4), so any-
one living in regions with infected raccoons probably has
an exposure risk.

Santa Barbara County, California, USA, is a poten-
tial high-risk area for exposure to B. procyonis eggs. In
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Santa Barbara County, a baylisascariasis case was re-
ported in a toddler in 2002 (1,5); raccoon roundworm
consistently infects >80% of raccoons (6,7); and latrines
are abundant in residential areas (J.F. Mendez, Univer-
sity of California, pers. comm., 2017 Feb 1), potentially
exposing residents to roundworms. We describe the use
of a parasite-specific antibody assay to detect subclini-
cal B. procyonis infections in adult residents of Santa
Barbara County. Recruitment, enrollment, and sampling
methods were reviewed and approved by the Santa Bar-
bara Cottage Hospital and University of California insti-
tutional review boards (14-06u).

The Study

During 2014-2016, we provided public education about
raccoon roundworm infection and offered free testing to
healthy adults (1875 years of age) who had lived in San-
ta Barbara County for >3 years. We recruited participants
by word of mouth and flyers and through presentations
at public outreach events and classes at the local univer-
sity, natural history museum, zoo, and other venues. We
also provided information about testing to local wildlife
rehabilitators and researchers working with raccoons
and B. procyonis.

We collected serum samples from a convenience sam-
ple of 150 volunteers. This sampling included serum from 5
wildlife rehabilitators and 7 researchers; however, we con-
sidered results from these 12 persons separately because
their B. procyonis roundworm exposure was expected to be
higher than that for the general population.

We collected =5 mL of blood from each volunteer
and allowed the samples to clot. We then centrifuged
the samples at 1,500 x g for 15 min, separated them, and
stored them at —80°C. Participants (149/150) filled out a
questionnaire on demographic characteristics and poten-
tial risk factors, such as pet ownership, pet and wildlife
feeding practices, past contact with raccoons or raccoon
feces, and frequency of raccoon observations around their
neighborhood and residence (online Technical Appen-
dix,  https://wwwnc.cdc.gov/EID/article/23/8/17-0222-
Techappl.pdf). We deidentified samples and tested them
for B. procyonis IgG by using a recombinant B. procyonis
repeat antigen 1 protein Western blot assay, which has

!Current affiliation: Uniformed Services University, Bethesda,
Maryland, USA.
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88% sensitivity and 98% specificity (3,8). We generated
prevalence estimates by using EpiTools (9), calculating
95% confidence limits (CLs) for an imperfect diagnostic
assay (10). We then compared questionnaire responses
from seropositive participants with those from seronega-
tive participants by using exact binomial tests in R (11).

The 12 researchers and wildlife rehabilitators tested
negative for B. procyonis antibodies. Among the remain-
ing 138 volunteers, 11 tested positive (apparent prevalence
8.0%, Wilson CL 4.5%-13.7%; adjusted prevalence 6.9%,
accounting for test sensitivity and specificity; Blaker exact
CL 2.5%-13.4%). All 11 B. procyonis—seropositive par-
ticipants had seen raccoons in their neighborhood during
the past year, and 7 had seen 1 in their yard during the past
month. Of the 11 B. procyonis—positive study participants,
9 reported no contact with raccoons or their feces; for the
2 who reported contact, the possible exposures occurred 2
and 12 months before testing. Persons with positive sero-
logic test results ranged in age from 20 to 72 years and in-
cluded an engineer, student, administrator, researcher, so-
cial worker, zoo volunteer, and retiree. Some seropositive
persons owned dogs, fed animals outside, gardened, and
had sandboxes. However, persons with negative serologic
test results gave similar responses (p>0.15 for all compari-
sons), and we found too few infected persons to identify
risk factors (Table).

Conclusions

We estimate that ~7% of the sampled persons had anti-
bodies to raccoon roundworm; however, this convenience
sample does not represent all county residents. Our re-
cruiting strategy probably introduced income, age, and
education biases, and, because we recruited study partici-
pants during presentations to groups interested in wildlife

and outdoor activities, we might have selected a sample
population with a greater exposure risk. Furthermore,
because participants could receive their test results, we
expect that persons concerned about past exposure were
more likely to participate. Although most baylisascaria-
sis is attributed to B. procyonis, cross-reactivity between
the B. procyonis recombinant antigen assay and other
less common Baylisascaris spp. is not well character-
ized and warrants further study. This survey suggests that
subclinical Baylisascaris infection occurs in the general
population; however, additional studies would improve
prevalence estimates. These surveys could also include
children because most clinical B. procyonis infections oc-
cur in persons <2 years of age (1,2) and it is unclear how
long antibodies remain after exposure.

Despite frequent contact with raccoons and their
feces, no sampled wildlife rehabilitators or researchers
tested positive for B. procyonis antibodies. Most wildlife
rehabilitators and all researchers examined were aware
of B. procyonis and took precautions when handling
raccoons, feces, and parasites. Although the finding of
no infection in these high-risk groups could be a reflec-
tion of small sample size, it does suggest that preventive
measures are effective.

Subclinical human Baylisascaris infections might oc-
cur wherever humans and infected raccoons overlap. These
infections are likely more widespread than previously as-
sumed, and their health risk remains an open question.
Subclinical infection might result from lower intensity in-
fection or depend on which tissues are infected (1). Low-
intensity infection in organs, such as the brain, could result
in subtle clinical manifestations, and clinical and serologic
evidence is required to understand the full public health ef-
fect of Baylisascaris infections.

Table. Questionnaire responses from participants in a study of the seroprevalence of Baylisascaris procyonis infection in humans,

Santa Barbara County, California, USA, 2014-2016*

Variable

No. (%) seropositive respondents, n = 11

No. (%) seronegative respondents, n = 138

Sex
M 3(27) 54 (39)
F 8 (73) 84 (61)
Garden regularly 4 (36) 70 (51)
Sandbox at residence 1(9) 11 (8)
Own a dog 4 (36) 37 (27)
Feed pets outside 1(9) 11 (8)
Feed wildlife 1(9) 18 (13)
Contact with raccoon or their feces 2 (18) 20 (14)
Raccoon seen in neighborhood in past
Week 3(27) 23 (17)
Month 4 (36) 45 (33)
Year 4 (36) 48 (35)
>1y (or never) 0 22 (16)
Raccoon seen in yard in past
Week 2 (18) 15 (11)
Month 5 (45) 33 (24)
Year 2 (18) 48 (35)
>1vy (or never) 2(18) 42 (31)

*Responses are from 149/150 participants; 1 seronegative participant did not fill out the questionnaire.
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B. procyonis Seroprevalence among Humans

EID Podcast:

Deadly Parasite
INn Raccoons

Infection with Baylisascaris procyonis roundworms
is rare but often fatal and typically affects children.
B. procyonis, the common intestinal roundworm of
raccoons, has increasingly been recognized as a
source of severe, often fatal, neurologic disease in
humans, particularly children. Although this dev-
astating disease is rare, lack of effective treatment
and the widespread distribution of raccoons in
close association with humans make baylisasca-
riasis a disease that seriously affects public health.
Raccoons infected with B. procyonis roundworms can
shed millions of eggs in their feces daily. Given the
habit of raccoons to defecate in and around houses,
information about optimal methods to inactivate
B. procyonis eggs is critical for the control of this dis-
ease. However, little information is available about

survival of eggs and effective disinfection techniques.
Additional data provide infomation on thermal death
point and determining the impact of desiccation and
freezing on the viability of B. procyonis eggs to pro-
vide additional information for risk assessments of
contamination and guide attempts at environmental
decontamination.

Visit our website to listen:

https://www?2c.cdc.gov/podcasts/
player.asp?f=8620675
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Opiate Injection—Associated Skin,
Soft Tissue, and Vascular Infections,
England, UK, 1997-2016

Dan Lewer, Magdalena Harris, Vivian Hope

In England, UK, hospital admissions caused by bacterial
infections associated with opioid use have increased annu-
ally since 2012, after 9 years of decline, mirroring trends in
overdose deaths. The increase occurred among persons of
both sexes and in all age groups and suggests preventive
measures need reviewing.

I n the United Kingdom, opioid overdose deaths have in-
creased substantially, linked to increasing purity of street
heroin and an aging cohort of persons who inject drugs
(PWID) (1). PWID also are at risk for skin, soft tissue, and
vascular infections (SSTVI), and one third of PWID in the
United Kingdom report symptoms of an injection-site in-
fection within the previous year (2). Outbreaks and clus-
ters of bacterial infections among PWID are documented
in the United Kingdon (3,4). Most infections are caused by
staphylococci and other commensal gram-positive bacteria
entering the body at injecting sites. Abscesses and phlebitis
are common (5,6) and can lead to invasive infections. Data
from a London hospital suggest that such skin and soft tis-
sue infections cause 58% of hospital admissions in PWID,
and treatment typically costs several times more than in-
fections in other groups (5). Because little is known about
SSTVI trends among PWID over time, we used routine
data from all National Health Service hospitals in England
to describe hospital admissions for this group.

The Study

We used the Hospital Episode Statistics for England da-
taset and included all admissions from April 5, 1997,
through April 4, 2016, for patients 15-55 years of age.
As the most common injecting-related problems (6), we
included admissions with a primary (or first-listed) cause
of cutaneous abscess (International Classification of Dis-
eases, Tenth Revision, code L02*), cellulitis (L03*), and
phlebitis or thrombophlebitis (180*). We also included
admissions where the first-listed cause was endocarditis

Author affiliations: Public Health England, London, UK

(D. Lewer); London School of Hygiene and Tropical Medicine,
London (M. Harris); Liverpool John Moores University, Liverpool,
UK (V. Hope)
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(1011, 139*, 1330, 1400, 1410), septicemia (A40*, A41*),
osteomyelitis or septic arthritis (M86*, M00*, M465),
or necrotizing fasciitis (M762) and grouped these as in-
vasive infections. Because patients might have multiple
episodes of care within 1 admission, we included only
first episodes. Age, sex, year of admission, all diagnostic
fields, and duration of admission were extracted. Public
Health England provided the data.

Hospital Episode Statistics do not report whether a
patient injects drugs. Previous studies have identified pa-
tients who use drugs as those with a drug-related diag-
nosis in any diagnostic field (7,8). We identified patients
with “injecting-related” infections as those with a rele-
vant infection in the primary diagnostic field and “mental
and behavioral disorders due to opioid use” (F11*) in any
other diagnostic field, because most PWID in the United
Kingdom inject an opioid (9).

We counted injecting-related and non—injecting-relat-
ed admissions and stratified them by year and patient sex
and age group (15-34, 35-44, and 45-55 years). We also
tested whether injecting-related infections were associated
with longer hospitalization by using a zero-inflated negative
binomial model (10) (online Technical Appendix, https://
wwwnc.cdc.gov/EID/article/23/8/17-0439-Techappl.pdf).

During 1997-2016, a total of 1,052,444 hospital ad-
missions were caused by SSTVIs, of which 63,671 (6%)
were injecting-related. One third (35%) of injecting-related
admissions had a primary cause of cutaneous abscess, 32%
phlebitis, 23% cellulitis, 4% septicemia, 4% osteomyelitis
or septic arthritis, 2% endocarditis, and 0.2% necrotizing
fasciitis. Patients with injecting-related infections were
younger and more likely to live in deprived neighborhoods,
and a minority were female (Table).

The number of injecting-related admissions increased
by 33% per year (compound annual growth rate) from
1997-98 through 2003-04 (Figure 1); relative increases
were similar in each age group. The total number then de-
creased each year from 2003-04 through 2012-13; rela-
tive changes differed by age group. Admissions reduced
by 15% per year for 15-34-year-olds, remained approxi-
mately constant for 35-44-year-olds, and increased by
5% per year for 45-55-year-olds. From 2012-13 through
2015-16, the total number of injecting-related admissions
increased each year in all age groups. The largest rela-
tive increase was for 45-55-year-olds (18% per year). The
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number of non-injecting-related admissions increased
throughout the period; relative increases were similar for
each age group and for men and women (online Technical
Appendix Figure 1).

As a sensitivity analysis, we excluded admissions
within 7 days after discharge, which totaled 4,389 (7%)
injecting-related admissions. This exclusion did not change
the overall trend (online Technical Appendix).

Injecting-related admissions were longer than non—in-
jecting-related admissions. The difference varied by cause
of admission; differences were larger for admissions caused
by cutaneous abscess or by invasive infections (Figure 2).

Conclusions

Our analysis of hospital data shows a substantial increase
in episodes of serious infection among PWID since 2012.
Increases occurred in all age groups and for both men and
women. Community surveys have not indicated such a
large increase in the prevalence of symptoms of injection-
site infections (9), suggesting that the increase might be
confined to more severe infections.

The temporal trend found here for bacterial infections
mirrors that for opiate overdose-related deaths in England
and Wales, which increased sharply from the early 1990s
until 2001, decreased gradually until 2012, and then in-
creased again (1). Explanations given for the recent in-
crease in overdoses include an aging cohort of PWID,
increasing purity of street heroin, and an increased focus
by addiction services on treatment completions, includ-
ing reducing the number of patients on long-term opioid

Opiate Injection—Associated Infections

Table. Demographic characteristics of patients with skin, soft
tissue, and vascular infections, England, UK, April 5, 1997—April
4, 2016*

Patients with
non-injecting-

Patients with
injecting-related

Characteristic infections related infections
Median age, y (IQR)
All 34 (29-39) 40 (30-48)
M 34 (30-40) 40 (31-48)
F 32 (27-37) 39 (29-48)
By year
2000-01 31 (27-36) 39 (30-48)
2005-06 32 (28-37) 39 (30-47)
2010-11 35 (30-41) 40 (30-48)
2015-16 38 (33-43) 41 (30-49)
Female sex, %
All 28 44
By age group, y
15-34 32 45
35-44 23 42
45-54 22 43
Neighborhood deprivation quintile, %
1 (least deprived) 5 21
2 10 21
3 16 20
4 25 20
5 (most deprived) 44 19

*Selected years are shown for brevity. Patients with injecting-related
infections were younger for both sexes and in each year (p<0.001,
Wilcoxon rank-sum tests). A smaller proportion of patients with injecting-
related infections were female for all age groups (p<0.001, % tests). Age
group was associated with sex for both injecting-related and non—injecting-
related infections (p<0.001, y? tests). A linear trend described the
proportion of injecting-related admissions in each deprivation quintile
better than no trend (p = 0.009) but not for non—injecting-related admission
(p = 0.504). Neighborhood deprivation was the UK Department for
Community and Local Government's Index of Multiple Deprivation 2004.
IQR, interquartile range.

Figure 1. Number of hospital admissions caused by injecting-related bacterial infections, by age group, England, UK, April 5, 1997—April

4, 2016.
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Figure 2. Modeled duration of hospitalization for men 35-44 years
of age, by cause of admission, England, UK, April 5, 1997—April

4, 2016. Hospitalization duration was longer for injecting-related
admissions for all causes (p<0.001). Error bars indicate 95% Cls.

substitution therapy (1,11). These factors also might con-
tribute to the increase in bacterial infections. Older PWID
may lose venous access; miss veins more often when try-
ing to inject (12); and use less accessible and more heav-
ily colonized injection sites, such as the femoral vein (13),
leading to more infections. These persons also might have
worse immunity and poorer underlying health. An aging
cohort of PWID is unlikely to explain the entire increase,
however, because increases occurred in all age groups.
The role of changes to addiction services and street heroin
purity are potential areas for further research.

Additional factors might be contributing to the in-
crease. Opiate users may have started to inject recently
emerged psychoactive drugs, which are associated with
increased risk for serious bacterial infection (14), although
the injection of these drugs remains relatively uncommon
in the United Kingdom (9). Primary care services might
have become less accessible to PWID, leading to a greater
proportion of infections becoming serious and requiring
hospitalization. In London, drug preparation using citric
acid has been documented to result in highly acidic heroin
mixtures (15), potentially precipitating venous damage and
infections. Finally, the increase in infections could indicate
that the population of PWID has grown since 2012, but
little evidence exists with which to test this possibility.

A limitation of our study is that Hospital Episode
Statistics do not record whether patients inject drugs, and
therefore a proxy was used. The data are likely to underes-
timate the true number of SSTVI in PWID because hospi-
tals might not always include the opioid-related diagnostic
code when PWID are admitted.

1402

Ilinesses and deaths from bacterial infections in PWID
are more difficult to measure than overdoses because bacte-
rial infections are not specific to drug use. The increasing
number of serious infections shown by these data suggests
a need for more active surveillance. Preventive measures
also need to be considered, including improving access and
adherence to wound care and antimicrobial drug regimens,
reducing the acidity of heroin preparations, and ensuring
accessibility of opioid substitution therapy and sterile in-
jecting equipment.

Mr. Lewer is a specialty registrar in public health, training

with the London, Kent, Surrey, and Sussex Deanery, and a
member of the South London Health Protection Team at

Public Health England. His research interests include the health
of marginalized groups and the use of electronic health records
for public health research.
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Risk for Death among Children with
Pneumonia, Afghanistan

Rahmani Zabihullah,! Bhim G. Dhoubhadel,*
Ferogh A. Rauf, Sahab A. Shafiq, Motoi Suzuki,
Kiwao Watanabe, Lay M. Yoshida, Michio
Yasunami, Salihi Zabihullah, Christopher M.
Parry, Rabi Mirwais, Koya Ariyoshi

In Afghanistan, childhood deaths from pneumonia are high.
Among 639 children at 1 hospital, the case-fatality rate was
12.1%, and 46.8% of pneumococcal serotypes detected
were covered by the 13-valent vaccine. Most deaths oc-
curred within 2 days of hospitalization; newborns and mal-
nourished children were at risk. Vaccination could reduce
pneumonia and deaths.

I n Afghanistan, the mortality ratio for children <5 years
of age is 90 deaths/1,000 live births, twice the global
average; 20% of deaths are from pneumonia (1). Although
Afghanistan is considered 1 of the 5 countries with the
highest level of childhood deaths from pneumonia, stud-
ies of the risk factors for death and etiology of pneumonia
among children in Afghanistan are lacking (2). We there-
fore determined risk factors for death from pneumonia in
children <5 years of age in a regional hospital in Afghani-
stan and the distribution of pneumococcal serotypes car-
ried in the nasopharynx.

The Study

From December 2012 through the second week of March
2013, we conducted a prospective observational study in
the Department of Pediatrics in Abu Ali Sina Balkhi Re-
gional Hospital, Mazar-e-Sharif, Afghanistan, a 700-bed
regional referral hospital for Balkh Province. This study
was conducted before pneumococcal conjugate vaccine
13 (PCV13) had been introduced in Afghanistan. We en-
rolled children <5 years of age who met the World Health
Organization (WHO) criteria for clinical pneumonia at the
time of admission (3). We collected data by standardized
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questionnaire and determined immunization status by his-
tory, immunization report, and bacillus Calmette—-Guérin
(BCG) scar.

Malnutrition was defined as weight-for-age z score <-2
(WHO Anthro software version 3.2.2, http://www.who.int/
childgrowth/software/en/). Anemia in children >6 months
of age was determined by hemoglobin cutoff values estab-
lished by WHO (4) and in children <6 months by hemoglo-
bin value <2 SDs below the mean for age group (5). Illness
severity was classified by WHO criteria (3). Hospital out-
comes were classified as discharged (discharged after suc-
cessful treatment), deceased (died during hospitalization),
and unknown (still in hospital at study end). Children with
unknown status were excluded from risk factor analysis.
Neonates/newborns and infants were defined as children <1
and <12 months of age, respectively.

We collected nasopharyngeal samples according to
the WHO protocol by using flocked swabs (Copan Diag-
nostics, Murireta, CA, USA) that were stored in STGG
(skim milk, tryptone, glucose, and glycerine) media at
—-10°C and transferred within 1 month by airplane with
cold ice packs in a thermos to Nagasaki, Japan, where
they were stored at —20°C. DNA was extracted by using
a QlAamp DNA Blood Mini Kit (QIAGEN, Hilden, Ger-
many). Streptococcus pneumoniae was detected by IytA
real-time PCR (selective for autolysin gene), and serotyp-
ing was performed by a nanofluidic real-time PCR that
detects 50 serotypes as individual serotype/serogroup in-
cluding all vaccine serotypes (6).

We considered samples positive by lytA PCR but
negative for serotypes/serogroups nontypeable and co-
colonization with multiple serotypes to be presence of
>2 serotypes/serogroups in a sample. The percentage of
vaccine serotypes was calculated as the proportion of
samples that had a vaccine serotype (including minor se-
rotypes in co-colonization) among samples positive by
IytA PCR.

For analyses we used Epi Info version 7 (Centers for
Disease Control and Prevention, Atlanta, GA, USA) and
Stata 12 (StataCorp LLP, College Station, TX, USA). In
the univariate analysis model, we included risk factors
for death from pneumonia at p<0.2, and in the multivari-
ate model we included age, sex, and ethnicity. The study
complied with STROBE (https://strobe-statement.org/
fileadmin/Strobe/uploads/checklists/STROBE checklist

1These authors contributed equally to this article.
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v4_combined.pdf) guidelines and was approved by the
Nagasaki University Institutional Review Board, Nagasa-
ki, Japan, and the Balkh Public Health Department, Balkh,
Afghanistan. Written informed consent was obtained from
the parents of enrolled children.

Parents of 670 children were approached, and 639
children were enrolled (online Technical Appendix Fig-
ure 1, https://wwwnc.cdc.gov/EID/article/23/8/15-1550-
Techappl.pdf). Median patient age was 5.0 (interquartile
range 2.5-9.0) months; 82.5% were infants and 64.3%
were male (Table 1). Pneumonia case-fatality ratio (CFR)
was 12.1% (75/617; 95% CI 9.6%-14.9%) (online Tech-
nical Appendix Table 1). A total of 61 (81.3%) children

Table 1. Characteristics and clinical outcomes for 639 children
<5 years of age with pneumonia hospitalized at Ali Sina Balkhi
Regional Hospital, Mazar-e-Sharif, Afghanistan, December
2012—March 2013

Characteristics No. (%)
Sex
M 411 (64.3)
F 228 (35.7)
Age, mo
<1 (newborn) 17 (2.7)
1-11 510 (79.8)
>12 112 (17.5)
Maternal illiteracy 549 (85.9)
Duration of iliness >7 d before hospitalization 102 (16.0)
Ethnicity
Tajik 300 (46.9)
Pashtoon 123 (19.3)
Uzbek 77 (12.0)
Hazara 101 (15.8)
Other 38 (6.0)
Received antimicrobial drugs before hospitalization
Yes 561 (87.8)
No 65 (10.2)
Unknown 13 (2.0)

Vaccination status, vitamin A intake, and nutritional status

Bacillus Calmette—Guérin vaccine 545 (85.2)

>1 dose of pentavalent vaccine, n = 568 436 (76.8)

Measles vaccine, n = 171 107 (62.6)

>1 dose of vitamin A, n = 345 119 (34.5)
Malnutrition*

Detected 255 (39.9)

Not detected 381 (59.6)

Not evaluated 3 (0.5
Anemiat

Detected 296 (46.3)

Not detected 220 (34.4)

Not evaluated 123 (19.3)
Both malnutrition and anemia, n = 514 126 (24.5)
Very severe pneumonia¥ 532 (83.3)
Clinical outcome, n =617

Discharged well 542 (87.9)

Death 75 (12.1)

*Defined by weight/age z score <-2, and the z score value was calculated
by using World Health Organization Anthro software, version 3.2.2 9
(http://www.who.int/childgrowth/software/en/).

tDefined according to the World Health Organization (4) and Janus et al.
(5).

FSeverity classified according to World Health Organization (3). Very
severe pneumonia is defined as cough or difficulty breathing with 1 of the
following: central cyanosis, difficulty feeding, convulsions, lethargy, loss of
consciousness, severe respiratory distress.
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Figure 1. Proportion of deaths and days of hospitalization among
children <5 years of age with pneumonia admitted to Abu Ali Sina
Balkhi Regional Hospital, Mazar-e-Sharif, Afghanistan, December
2012—March 2013.

died within 2 days of hospitalization (Figure 1), and most
were infants (online Technical Appendix Figure 2).

According to univariate analysis, risk for death was
increased among newborn (odds ratio [OR] 11.1) and mal-
nourished (OR 2.06) children (Table 2). Protective fac-
tors were receipt of BCG vaccine (OR 0.39), >1 dose of
pentavalent vaccine (OR 0.53), and vitamin A (OR 0.39).
Among malnourished children, female sex was associated
with death (online Technical Appendix Table 2). We found
no significant differences by sex in terms of epidemiolog-
ic, clinical, and nutritional status (data not shown). BCG
vaccination was independently associated with decreased
risk for death among patients with pneumonia (Table 2)
and among malnourished children with pneumonia (online
Technical Appendix Table 2).

We obtained nasopharyngeal samples from 326 chil-
dren (online Technical Appendix Figure 1). From half
(49.9%) of the children, samples could not be taken because
of disease severity; CFR was 18.3% for these children, who
were more likely to be malnourished and to have received
antimicrobial drugs before hospitalization (online Techni-
cal Appendix Table 3). S. pneumoniae was detected in 124
(38.0%) of the 326 samples; 24 serotypes/serogroups were
identified (Figure 2). Most (87.8%) children had received
antimicrobial drugs before admission, which, along with
difficulty storing samples at the research site, influenced
detection of pneumococci. The proportions of colonization
were 35.9% among children who received antimicrobial
drugs before hospitalization and 48.8% among children
who did not (p = 0.11). The proportion of samples that had
serotypes covered by 7-, 10-, and 13-valent pneumococcal
conjugate vaccines were 39.5%, 39.5% and 46.8%, respec-
tively. Co-colonization with multiple serotypes occurred in
21 (16.9%) of 124 positive samples.

Conclusions
The CFR for children <5 years of age with pneumonia ad-

mitted to a regional hospital in Afghanistan was 12.1%,
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compared with only 7.6% for the full WHO Eastern Medi-
terranean region (7). Most deaths occurred within 2 days
of hospitalization. Factors that may have contributed to the
high mortality rate were delays in presentation to health-
care facilities, inability to identify severe symptoms in
children, and delayed referral from primary care (7). These
issues could be addressed by strengthening the Integrated
Management of Childhood IlIness program of WHO, intro-
duced in Afghanistan in 2004 (8).

Our finding that newborns and children with malnu-
trition were at increased risk for death is consistent with
findings of studies in India and Pakistan (9,10). These
risks could be reduced by use of clean delivery Kits,
clean delivery practices, exclusively breast-feeding,
education about complementary feeding, and provision
of complementary foods in regions where food is less
secure (11,12).

BCG vaccination was protective. Neonatal BCG vac-
cination is known to be associated with reduced rates of
childhood death, respiratory infection, and sepsis, probably
by nonspecific immune effects (13); it can also be a proxy
for better access to healthcare, immunization, and unmea-
sured favorable factors.

Female sex was significantly associated with death
among malnourished children, which was not explained
by association with other variables. A higher incidence of
acute lower respiratory infection in male children, particu-
larly in southern Asia, was reported in a recent systematic
review, but the pneumonia CFR was higher in girls than in
boys <1 year of age (7).

With support from the Global Vaccine Alliance,
WHO, and the United Nations Children’s Fund, PCV13
was introduced in Afghanistan in January 2014. Our study
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Figure 2. Number of
nasopharyngeal samples

and pneumococcal serotype/
serogroup distribution
(including minor serotypes in
multiple serotypes) among 110
discharged (black bars) and 11
deceased (white bars) children
with pneumonia admitted to
Abu Ali Sina Balkhi Regional
Hospital, Mazar-e-Sharif,
Afghanistan, December 2012—
March 2013.

detected a wide variety of serotypes, including nonvaccine
serotypes. Vaccine coverage was comparable with that
found by regional studies (14,15). Serotype data are lim-
ited by the short study duration, common use of antimi-
crobial drugs before hospitalization, and difficult storage
of samples.

The high rate of death from pneumonia among chil-
dren could be reduced by strengthening existing public
health programs (e.g., Integrated Management of Child-
hood Illness, nutrition programs, and immunization pro-
grams). Although the proportion of serotypes covered by
PCV13 vaccines was 46.8%, PCV13 could still prevent
many cases of pneumonia and deaths among children
in Afghanistan.
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The bacterial pathogen Elizabethkingia is known to exist in
certain species of mosquito but was unknown in other arthro-
pods. We report the detection and identification of Elizabeth-
kingia in species of Culicoides biting midge in Australia, rais-
ing the possibility of bacterial transmission via this species.

acteria in the genus Elizabethkingia (formerly Chryseo-

bacterium or Flavobacterium) are gram-negative bacilli
that occur globally in water sources including rivers, reser-
voirs, and soils. In recent years, 3 medically important species
in this genus, E. meningoseptica, E. anophelis, and E. mirico-
la, have been recognized as the cause of emerging nosocomial
infections, neonatal sepsis, and infections in immunocom-
promised persons. Outbreaks and infections have occurred
globally, with cases reported in the Central African Republic;
Singapore; Hong Kong, China (1); India; Australia; and the
United States. Infection by any of the 3 species can cause sep-
ticemia, with a recorded mortality rate of 23.5% (1-3).

Originally, E. meningoseptica was thought to be the
causative agent of most Elizabethkingia infections. How-
ever, E. anophelis has recently been implicated as the more
likely cause and as the primary species associated with bac-
teremia (1). Isolated from Anopheles gambiae mosquitoes
in 2011 (4), E. anophelis has a relatively high occurrence

(68%) in field-collected mosquitoes (5) and has been iden-
tified in Aedes aegypti and An. stephensi mosquitoes (6,7),
with transmission between mosquitoes by vertical, hori-
zontal, and transstadial modes (6,7). Occurrence of Eliza-
bethkingia in other arthropods has not been reported.

Culicoides biting midges are classified in the family
Ceratopogonidae in the order Diptera. These arthropods
are found around the world and are capable of transmit-
ting pathogens (mainly viral or filarial but also bacterial)
affecting birds, livestock, and humans. In Australia, there
are 78 described and 61 undescribed species of Culicoides
midges. We investigated the presence of Elizabethkingia in
Culicoides midges in Australia.

In summer 2013, we collected 66 Culicoides individu-
als in Australia from 3 locations (Table) using light traps: 24
C. victoriae, 21 C. multimaculatus, and 21 C. brevitarsis.
We examined them for the presence of Elizabethkingia using
16S rRNA amplicon sequencing. Culicoides were collected
from 3 locations (Table) using light traps. The midges were
identified to species morphologically from homogenized fe-
males at CSIRO, Geelong, Victoria, Australia, before DNA
extraction using a QIAGEN blood and tissue kit (QIAGEN,
Valencia, California, USA). Culicoides species identifica-
tion was confirmed by sequencing the COI gene (8).

We amplified the hypervariable region V3-V4 of the 16S
rRNA (422 bp) using PCR primers (S-D-Bact-0341-b-S-17/S-
D-Bact-0785-a-A-21) (9), following a modified 16S MiSeq
protocol and barcoded samples before sequencing on a MiSeq
(Mlumina, Victoria, British Columbia, Canada). Two negative
controls were included throughout the sequencing methodol-
ogy to ensure no contamination. We analyzed data using the
Quantitative Insights into Microbial Ecology pipeline (10)
with reference to Greengenes database. To confirm Elizabeth-
kingia species, we used primers forward 5-ATCTTCATG-
GAAGGAGAGC-3" and reverse 5-GTACCAACACT-
TACCCCTAA-3' to amplify 670 bp of the gene encoding the
subunit B protein of the DNA gyrase (gyrB). Amplicons were
purified and then sequenced using a capillary Sanger method.

Sequencing analysis identified a total of 2,717,401
operational taxonomic units across the 66 samples, af-
ter all quality trimming procedures and removal of chi-
meras. Based on the 16S rRNA (GenBank accession no.
KX870017) amplicon sequence (>280 times coverage), we

Table. Collection locations and sequencing results for study of Elizabethkingia in Culicoides biting midges, Australia*

% Infected with

Average no. Average %

Collection Elizabethkingia (no. Elizabethkingia reads  Elizabethkingia reads to
Culicoides species  Collection location coordinates infected/no. collected) per individual (95% Cl) bacterial reads (95% CI)
C. brevitarsis Beatrice Hill, 12°39'S, 71 (15/21) 1,419 (724-2,113) 0.075 (0.05-0.1)
Northern Territory 131°19'E
C. multimaculatus Lake Wellington, 38°23'S, 0 (0/21) NA NA
Victoria 147°21'E
C. victoriae Grampians, 38°08'S, 0 (0/24) NA NA
Victoria 142°12'E

*NA, not applicable.
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determined that Elizabethkingia infected only C. brevitar-
sis midges (Table). We did not detect Elizabethkingia in
negative control samples.

Elizabethkingia sequences had 100% nucleotide iden-
tity among the 15 C. brevitarsis individuals and high se-
quence identity to E. anophelis (99.05%-99.29%), E. me-
ningoseptica (98.34%-100%), and E. miricola (99.76%)
based on sequences obtained from GenBank. However,
we were unable to identify the exact strain based on 16S
rRNA alone. We successfully amplified Elizabethkingia
gyrB (GenBank accession no. KX870018) and concat-
enated sequences with the 16S rRNA region, forming a
1,072-bp amplicon. The phylogenetic analysis confirmed
E. anophelis as the closest to the species isolated from
C. brevitarsis, with 95.8% identity across the 2 amplified
gene regions.

The C. brevitarsis midge is a known vector of several
pathogenic viruses in livestock of Australia. Of the many
diverse Culicoides midge species, some transmit human
pathogens; the close association of some species with hu-
mans suggests a need for a more detailed study.

Although we did not detect Elizabethkingia in C. vic-
toriae or C. multimaculatus midges, this finding may be a
result of differences in climate or ecosystem. Unlike mos-
quitoes that breed in water, the C. brevitarsis midge uses
cow dung, so it is potentially isolated from environmen-
tal contamination of Elizabethkingia. Because Culicoides
midges are widespread and can be displaced great distances
by wind currents, the potential for them to transport the
bacterium warrants further investigation.

The nature of the association between insects and Eliz-
abethkingia is unknown. Mosquitoes have been reported to
harbor Elizabethkingia, but it is unknown if they act as vec-
tors or simply serve as reservoirs, symbionts, or environ-
mental markers. One study investigating the possible role
of mosquitoes as vectors of Elizabethkingia suggests that
they act as reservoirs (3). Nevertheless, while the role of
insects as vectors of infection remains unclear, the identifi-
cation of Elizabethkingia in Culicoides midges is relevant
to public health. The gyrB primers developed in this study
allow more accurate diagnosis of Elizabethkingia species
than a single gene classification.

Collection of C. victoriae was possible due to the Department
of Sustainability and Environment permit number 10006587.
Collection of C. multimaculatus was possible due to the
Department of Health and Human Services—funded Victorian
Arbovirus Disease Control Program.
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During 2014-2016, we conducted mosquito-based Zika vi-
rus surveillance in Rio de Janeiro, Brazil. Results suggest
that Zika virus was probably introduced into the area during
May—November 2013 via multiple in-country sources. Fur-
thermore, our results strengthen the hypothesis that Zika
virus in the Americas originated in Brazil during October
2012—May 2013.

Zika virus is an emerging arthropod-borne virus that
was first isolated from sentinel rhesus macaques in
1947 in Africa. Zika virus caused outbreaks of disease
in the Pacific region and emerged in northeastern Brazil
in March 2015, followed by Rio de Janeiro in May 2015
(1-3). The Aedes aegypti mosquito is considered the main
vector of Zika virus in urban and suburban areas through-
out the world, including Brazil, where the mosquito has
been confirmed, together with Ae. albopictus mosquitoes,
as a vector for the virus (4). Entomologic surveillance
for arboviruses in field-trapped mosquitoes is a critical
tool for identifying local natural vectors and key sites
for increased transmission risks as well as for predicting
arbovirus epidemics (5,6). Therefore, virus surveillance
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based on field-trapped mosquitoes is a vital tool for public
health authorities.

We conducted a surveillance program for mosquito-
borne viruses during February 2014—June 2016 in Man-
guinhos neighborhood in Rio de Janeiro, Brazil. We col-
lected mosquitoes on a weekly basis by using portable
backpack aspirators and transported them on dry ice to the
Nucleo Operacional Sentinela de Mosquitos Vetores-Nos-
move/Fiocruz in Rio de Janeiro, where they were counted
and their sex and species level were determined.

The collected mosquitoes included a total of 417 en-
gorged female mosquitoes (406 Ae. aegypti and 11 Ae. al-
bopictus mosquitoes), which we pooled (n = 178) and sub-
jected to Zika virus detection using real-time RT-PCR (7).
Two of the pools (C20 and P52) were confirmed positive
for Zika virus by conventional PCR (8). Pool C20 com-
prised 2 Ae. aegypti mosquitoes obtained in April 2015
from a household located in the Jodo Goulart Park in Man-
guinhos; sample P52 comprised 1 Ae. aegypti mosquito
obtained in January 2016 during a mosquito-collecting ac-
tivity in a junkyard located in the Sdo Pedro slum in Man-
guinhos. Sanger sequencing of the amplified fragments (8)
confirmed the presence of Zika virus in pools C20 and P52,
and we subjected both pools to deep sequencing to obtain
larger fragments of the genome.

We performed phylogenetic and phylogeographic anal-
yses based on the near-complete envelope gene sequences
of Zika virus from the 2 positive mosquito pools and on all
available sequences for Asian genotype Zika virus strains
responsible for outbreaks in the Americas. The analyses re-
vealed that strains from pools C20 and P52 (GenBank ac-
cession nos. KY 354186 and KY354187, respectively) clus-
tered within the same strongly supported lineage, which
included strains detected in Rio de Janeiro and other parts
of Brazil in late 2015 and in 2016 (online Technical Appen-
dix Figure, https://wwwnc.cdc.gov/ElD/article/23/8/16-
2007-Techappl.pdf). The mosquito-derived Zika virus de-
tected in January 2016, strain P52, subsequently formed a
subclade with human-derived Zika virus strains from Rio
de Janeiro detected during March—April 2016. Further-
more, some previously reported human-derived Zika virus
strains from Rio de Janeiro clustered in different lineages
(online Technical Appendix Figure). The time-resolved
phylogeny including the 2 mosquito strains from this study
suggests that Zika virus was probably introduced in Rio
de Janeiro during May—November 2013. The time to most
recent common ancestor of Zika virus from the Americas is
estimated to be October 2012—-May 2013. These results fur-
ther strengthen the hypothesis that Zika virus in the Ameri-
cas originated in Brazil (9). The different clustering pattern
of sequences of the human-derived Zika virus from Rio de
Janeiro suggests that multiple Zika virus lineages may be
circulating in Rio de Janeiro State.
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In this study, we detected Zika virus RNA in 2 pools
of engorged Ae. aegypti mosquitoes that were collected
during a mosquitoborne virus surveillance program in
Rio de Janeiro. Information regarding Zika virus infection
rates is lacking for female and male mosquitoes trapped in
the field. However, experiments performed in the labora-
tory demonstrated transovarial transmission of Zika virus
among Ae. aegypti mosquitoes and revealed a minimal fil-
ial infection rate of 1:290 (10). Mosquitoborne virus sur-
veillance provides an early warning for arbovirus circula-
tion, points out high-risk areas for virus transmission, and
provides data for directing control measures. Furthermore,
future surveillance-based studies should further illuminate
Zika virus ecology and patterns of spatial dynamics.

In conclusion, we showed the presence of Zika virus in
engorged Ae. aegypti mosquitoes trapped in Rio de Janeiro
before the first case of autochthonous Zika virus disease
was diagnosed in the city (3). This finding emphasizes the
importance and benefit of routine entomologic surveillance
programs to public health in terms of ensuring timely im-
plementation of disease prevention and control measures.
Furthermore, considering that the analyzed Zika virus from
Rio de Janeiro clustered in different lineages, our phylo-
genic analysis suggests multiple introductions of Zika virus
from other regions of Brazil, rather than from outside the
country, and an early presence (2013) of Zika virus in Rio
de Janeiro State.
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Scrub typhus in Bhutan was first reported in 2009. We in-
vestigated an outbreak of scrub typhus in a remote primary
school during August—October 2014. Delay in recognition
and treatment resulted in 2 deaths from meningoencephali-
tis. Scrub typhus warrants urgent public health interventions
in Bhutan.

Scrub typhus, caused by the intracellular parasite Ori-
entia tsutsugamushi, is a miteborne infection that
largely occurs in the “tsutsugamushi triangle” (online
Technical Appendix Figure 1, https://wwwnc.cdc.gov/
EID/article/23/8/16-2021-Techappl.pdf), where Watt et
al. estimated ~1 million cases occurred annually in 2003
(1). Infected persons commonly have fever, headache,
conjunctival congestion, myalgia, lymphadenitis, rashes,
and eschars with and without complications (2). Among
untreated persons, the case-fatality rate is 6%-35% (3). In
scrub typhus—endemic areas, central nervous system in-
volvement occurs in ~25% of patients (4). Consequently,
scrub typhus should be considered in the differential diag-
nosis of aseptic meningitis.

During January—October 2016, Nepal reported scrub
typhus in 37 districts, resulting in 8 deaths (5). Himachal
Pradesh, India, reported 700 case-patients, 20 of whom
died (6). In Bhutan, scrub typhus gained clinical attention
after an outbreak in 2009 (7); earlier cases might have been
missed because of low awareness.

During August—October 2014, a scrub typhus outbreak
occurred in Singye Namgyal Primary School (SNPS), a re-
mote community boarding school in the Wangduephodrang
district of Bhutan (online Technical Appendix Figure 2).
On August 17, three girls from SNPS reported 5-6 days of
fever, headache, cough, and body aches and were treated
symptomatically by the visiting health assistant from Kami-
chu Basic Health Unit (KBHU). Two of the girls recovered;
the third was admitted to the KBHU on August 20 and trans-
ferred to Bajo Hospital (BH) the next day. By August 26,
she experienced neck stiffness, irritability, and disorienta-
tion. Viral encephalitis was suspected, and she was referred
to the Jigme Dorji Wangchuck National Referral Hospital
(JDWNRH) in Thimphu on August 27. On admission, a
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serum sample tested positive for O. tsutsugamushi by rapid
diagnostic test (RDT); she died the next day.

Another girl and her brother from SNPS were admitted
to the Punakha district hospital on September 1 with similar
symptoms. The boy was sent home with medications and
recovered; his sister had meningeal symptoms and severe
thrombocytopenia and was transferred to the JDWNRH on
September 2, where she died on September 28. Specimens
from both patients were O. tsutsugamushi—positive by RDT.

On September 22, a 10-year-old girl from SNPS was
referred to JDWNRH with similar symptoms. Her serum
specimen was O. tsutsugamushi positive, but she recovered
with treatment.

After linking the 2 deaths and other cases, an in-
vestigation team visited the school during October 2-4.
Case-patients were defined as any person from SNPS with
fever, headache, and body ache with or without hemor-
rhagic manifestations currently or in the previous 2 weeks.
Forty-one cases related to the outbreak were listed (online
Technical Appendix Figure 3); blood samples were drawn
from 21 students, 12 of whom were acutely ill, and 10 local
residents. Results for all 31 were negative for malaria and
dengue; the Widal test of serum samples for enteric fever
from 1 student and 2 local residents showed high antibody
titers against Salmonella enterica serotype Typhi. Serum
samples from the 12 acutely ill students were also tested
for O. tsutsugamushi by RDT (SD Bioline Tsutsugamushi
Test; Standard Diagnostics, Yongin, South Korea) in the
Bhutan Public Health Laboratory; all were positive. The
12 samples were taken to the JDWNRH for routine blood
tests; results showed anemia in 5 patients, thrombocytope-
nia in 4, neutropenia in 3, lymphocytosis in 2, and neutro-
philia in 2 (online Technical Appendix Table). The samples
were also sent to the Australian Rickettsial Reference Lab-
oratory (http://www.rickettsialab.org.au/), where they were
tested for antibodies against Orientia by an indirect micro-
immunofluorescence assay (mIFA) (8). Of the 12 samples,
9 were positive (>1:512 for IgM or >1:256 for IgG) (Table),
including samples from all 6 students who had eschars. All
samples from the 12 students were negative for Orientia
DNA by using quantitative PCR.

Table. Antibody titers by indirect microimmunofluorescence assay of 9 students with diagnosis of scrub typhus, Bhutan, 2014*

Orientia tsutsugamushi
Gilliam Karp Kato O. chuto
Patient ID Age, y/sex IgG IgM IgG IgM IgG IgM IgG IgM
2 6/M 256 512 256 512 256 128 <128 128
3 9/F 8,192 8,192 8,192 8,192 8,192 8,192 4,096 4,096
4 6/M 512 128 512 256 512 128 128 128
5 10/F 1,024 128 1,024 128 1,024 128 512 128
6 13/M 1,024 256 512 128 256 128 256 128
7 15/M 1,024 128 512 128 512 128 <128 <128
9 7/F 2,048 4,096 2,048 4,096 2,048 2,048 <128 <128
11 10/F 1,024 512 1,024 512 1,024 512 256 256
12 14/F 128 1,024 256 512 128 512 256 256

*ID, identification.
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Of the acutely ill patients who had positive mIFA re-
sults, 67% had pathognomonic eschars, confirming the
clinical diagnostic value in this sign of systemic infection.
Thrombocytopenia as a sign of scrub typhus could be use-
ful but is a less specific diagnostic indicator (9). There was
only a 75% agreement between the rapid test kit and the
precise mIFA, but RDTs were shown to be more useful in
early detection (10).

The deaths of 2 children in this outbreak could have
been prevented if the public had greater awareness of the
signs and symptoms of scrub typhus. Lapses of 7-10 days
from symptom onset to initial medical consultation and >1
month until the outbreak was investigated demonstrate the
importance of training school health coordinators to iden-
tify and report incidences of abnormal medical findings to
public health agencies, especially in remote, hard-to-reach
areas. Parents delayed seeking medical advice, and in some
cases, school staff had to persuade them to take their children
for medical evaluation. Rapid medical care during illnesses
should be encouraged through better community education.

Despite inadequate identification and reporting, there
is increasing evidence of endemic scrub typhus in Bhutan.
Outbreaks may be common but unrecognized, and past out-
breaks may have been missed. Scrub typhus warrants a ded-
icated public health program or incorporation into the ex-
isting vectorborne disease control program in this country.
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Outbreaks of acute encephalitis syndrome (AES) have been
occurring in Gorakhpur Division, Uttar Pradesh, India, for
several years. In 2016, we conducted a case—control study.
Our findings revealed a high proportion of AES cases with
Orientia tsutsugamushi IgM and 1gG, indicating that scrub
typhus is a cause of AES.
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utbreaks of acute encephalitis syndrome (AES) with

high case-fatality rates have been occurring in Gora-
khpur Division of Uttar Pradesh, India, since 1978 (1). AES
predominantly affects children <15 years of age (2), and
its etiology has remained largely unknown (3,4). Studies
focusing on AES in the region have documented that cases
with unknown etiology accounted for 41.6% of cases in
2011-2012 (5) and 59% in 2013-2014 (6).

Investigations conducted during the 2015 outbreak re-
vealed scrub typhus IgM in >60% of AES cases (7). The
absence of information about IgM positivity from the gen-
eral population, and the probability of high background an-
tibody levels in areas to which scrub typhus is endemic, led
us to conduct an unmatched case—control study in which
we compared IgM and IgG seropositivity for Orientia tsu-
tsugamushi, the causative agent of scrub typhus, in AES
patients and healthy controls.

We conducted the study during August 17—October 16,
2016. Children <15 years of age with AES admitted to the
BRD Medical College in Gorakhpur during the study period
were recruited to the study if their parents consented to a
blood draw and they had siblings <15 years of age. We de-
fined a case of AES as an acute onset of fever and change in
mental status or new onset seizures, excluding febrile sei-
zures (8), with cerebrospinal fluid pleocytosis (cell counts
>5/mm?). Controls were healthy children <15 years of age
residing in the home (sibling controls) or village (community
controls) of AES case-patients. We interviewed mothers and
caretakers for information on case-patients and controls.

We collected 2-mL blood samples from case-patients
and controls and tested the samples for O. tsutsugamushi
IgM and IgG using commercial ELISAs (Scrub Typhus
Detect; InBios International Inc., Seattle, WA, USA). We
considered an optical density value >0.5 to be a positive re-
sult (9). We compared IgM and IgG positivity among AES
case-patients and their controls by calculating crude and
adjusted odds ratios (ORs) with 95% Cls.

We enrolled 46 case-patients and 151 controls (69
sibling and 82 community controls) in the study. The

RESEARCH LETTERS

median age was 5 (interquartile range 3-9) years for
patients and 7 (interquartile range 4-10) years for con-
trols. The case-patients and controls did not differ by age
group or sex (Table). The mothers of 54 (35.8%) of the
control children reported a history of fever in the past
6 months.

Common symptoms among the 46 AES case-patients
included seizures (69.6%), altered sensorium (52.2%), and
vomiting (37%); physical examinations revealed hepato-
megaly (43.4%), cervical or inguinal lymphadenopathy
(39.1%), and periorbital edema (54.3%). Cerebrospinal
fluid was clear in appearance in 43 of the patients we test-
ed. Cell counts ranged from 5-100/mm? in 41 (95.3%) and
were >100/mm?® in 2 patients. Protein levels in fluid were
<45 mg/dL in 8 patients, 46-100 mg/dL in 15, and >100
mg/dL in 20 patients. All AES case-patients were given in-
travenous azithromycin; 20 patients also received injected
ceftriaxone. Eight patients died.

O. tsutsugamushi IgM was detected in 29 (63%) case-
patients and IgG in 38 (82.6%). For controls, I[gM was de-
tected in 7 (4.6%) and 1gG in 64 (42.4%) children. Of the 8
fatal cases, 6 patients had O. tsutsugamushi IgM and all had
IgG. The distribution of optical density values for IgM and
IgG among cases and controls are shown in the Appendix
(online Technical Appendix, https://wwwnc.cdc.gov/EID/
article/23/8/17-0025-Techapp.pdf). Twenty-eight of the 29
IgM-positive cases and 6 of the 7 controls with IgM sero-
reactivity were also positive for IgG. Of the 7 controls with
IgM seroreactivity, 3 had a history of febrile illness in the
past 6 months.

The odds of IgM scrub typhus positivity were 35.1
(95% CI 13.4-92.3) times higher among AES case-patients
than among controls; when adjusted for age, the odds were
29.9 (95% CI 9.6-92.9) times higher for case-patients. The
odds of IgG positivity were 6.5 (2.8-14.8) times higher
among AES case-patients than controls, and when adjusted
for age, the odds were 3.8 (95% CI 1.4-10.9) times higher
for case-patients. When analyzed separately, AES case-
patients had higher odds for IgM positivity compared with

Table. Characteristics of patients with scrub typhus and controls in study of acute encephalitis syndrome, Gorakhpur, Uttar Pradesh,

India, 2016
Characteristic No. (%) patients No. (%) controls QOdds ratio (95% CI) p value Adjusted odds ratio (95% CI)
Age group,y
<5 24 (52.2) 53 (35.1) 2.0 (0.8-5.2) 0.152 7.4 (1.8-31.0)
6-10 15 (32.6) 67 (44.4) 1.0 (0.4-2.7) 0.987 1.8 (0.5-6.8)
11-15 7 (15.2) 31 (20.5) 1 1
Sex
M 28 (60.9) 82 (54.3) 1.3 (0.7-2.6) 0.433
F 18 (39.1) 69 (45.7) 1
Orientia tsutsugamushi IgM
Positive 29 (63.0) 7 (4.6) 35.1 (13.4-92.3) 0.000 29.9 (9.6-92.9)
Negative 17 (37.0) 144 (95.4) 1 1
O. tsutsugamushi IgG
Positive 38 (82.6) 64 (42.4) 6.5 (2.8-14.8) 0.000 3.8 (1.4-10.9)
Negative 8(17.4) 87 (57.6) 1 1
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sibling (OR 25.1, 95% 6.3-99.8) or community (OR 13.2,
95% 2.27-76.7) controls.

Our study had 1 main limitation: patients and controls
were selected from the same village and shared the same
environmental risk factors. Despite overmatching that un-
derestimates the strength of association, the odds ratios for
O. tsutsugamushi IgM and IgG positivity were significant.
We concluded that the presence of higher levels of O. tsu-
tsugamushi IgM and IgG among AES case-patients than
among controls indicates a role for scrub typhus in the eti-
ology of AES in Gorakhpur.
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Burkholderia thailandensis infection in humans is uncom-
mon. We describe a case of B. thailandensis infection in
a person in China, a location heretofore unknown for B.
thailandensis. We identified the specific virulence factors of
B. thailandensis, which may indicate a transition to a new
virulent form.

urkholderia thailandensis is closely related to B. pseu-

domallei, the causative agent of melioidosis (1). B.
thailandensis shares most virulence factors and extensive
genomic similarity with B. pseudomallei but can be distin-
guished by its ability to assimilate arabinose and different
rRNA sequences (2,3). Little is known about B. thailanden-
sis infection in humans. Two case reports described soft tis-
sue infection and pneumonia with sepsis in Thailand and the
United States (4,5). We describe a clinical investigation of
human infection with B. thailandensis in Chongging, China.

In October 2013, a 67-year-old man in Chongging
was hospitalized with a 13-day history of fever, productive
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cough with white sputum, and shortness of breath. Symp-
toms had not improved after antimicrobial drug treatment
at a local clinic. The patient denied contact with any sick
persons and any environmental exposure. Empirical treat-
ment with meropenem was used to prompt resolution of the
patient’s symptoms before culture results were received.
During the 6-day treatment course, the patient was trans-
ferred to Chongging Infectious Disease Hospital for treat-
ment. Subsequently, his general condition worsened, and
his family wished to have him close to home. He was dis-
charged and died 2 days later.

Laboratory evaluations of blood samples performed
at the time of the patient’s admission showed a leukocyte
count of 20.72 x 10° cells/L with a markedly elevated
91.5% neutrophils, aspartate aminotransferase level of 75.5
U/L (reference range 15.0-40.0 U/L), alanine aminotrans-
ferase level of 85.0 U/L (reference range 9.0-50.0 U/L),
interleukin-6 level of 352.1 pg/mL (reference range 0-7
pg/mL), and procalcitonin level of 24.37 ng/mL (reference
range 0-0.25 ng/mL). A computed tomography scan of the
patient’s chest showed a thick-walled cavitary lesion at the
posterior segment of the right upper lobe measuring 7.9
x 6.1 cm and multiple nodules in both lung fields (online
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Technical Appendix Figure 1, https://wwwnc.cdc.gov/EID/
article/23/8/17-0048-Techappl.pdf).

On day 6 of the patient’s hospitalization, we observed
via microscopy that the positive blood culture contained
many gram-negative rod-shaped bacteria (online Technical
Appendix Figure 2, panel A). The colonies were smooth
and glossy, with silver pigmentation, on sheep blood agar
(online Technical Appendix Figure 2, panel B). The VITEK
2 COMPACT system (bioMérieux, Marcy L’Etoile, France)
identified the isolated strain as B. pseudomallei (97% prob-
ability; bionumber 0003451513500211). The APl 20NE
system (bioMérieux) also identified the isolated strain as B.
pseudomallei (50.5% probability; index 1157577). How-
ever, the biochemical profiles of the API 20NE system,
including arabinose assimilation, identified the isolated
strain as B. thailandensis, based on the mode of artificial
interpretation. We analyzed the 16S rDNA sequence of
strain BPM with nucleotide BLAST (https://blast.ncbi.
nim.nih.gov/Blast.cgi) and found a 100% similarity with
B. thailandensis (GenBank accession nos. CP000085.1 and
CP000086.1).

These results indicate that commercially available
phenotypic assays are not ideal for the identification of

Figure. Virulence comparison
of Burkholderia thailandensis
isolated from a man in
Chonggqing, China, compared
with B. thailandensis E264
(strain ATCC 700388).

A) Survival pattern of 5
BALB/c mice intraperitoneally
challenged with 107 CFU and
followed up for 7 days after
challenge. B) Histopathologic
characteristics of B.
thailandensis intraperitoneal
infection in the mice.
Sections were stained with
hematoxylin and eosin (original
magnification x40).
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B. thailandensis, which has not yet been incorporated into
the databases of identification systems (6,7). Moreover, the
arabinose assimilation proved to be an effective, simple,
and accurate method for differentiating B. thailandensis
from B. pseudomallei. When B. pseudomallei is presump-
tively identified, arabinose assimilation should be empha-
sized in clinical laboratories.

We compared the virulence of the isolated strain
with B. thailandensis E264 (strain ATCC 700388) in
BALB/c mice. B. thailandensis E264 is an environmen-
tal isolate from northeast Thailand. The clinically isolat-
ed B. thailandensis from this study was defined as strain
BPM. Groups of 5 mice were inoculated with 10" CFU
of each isolate and observed for a period of 7 days af-
ter infection. Four fifths of the mice infected with strain
BPM died within 1 week of challenge. B. thailandensis
could be isolated from the bloodstream of mice at the
time of death. In contrast, all mice with B. thailandensis
E264 infection survived over a 1-week monitoring peri-
od (Figure, panel A). The histologic findings were nota-
ble for early dissemination to the liver and lung (Figure,
panel B). We observed multiple large, necrotizing foci
in the livers of mice infected with strain BPM and alve-
olar-based neutrophilic inflammation in the strain BPM
infection group. In addition, the inflammatory infiltrate
and lung hyperemia were raised in the BPM-infected
mice. This finding is consistent with the clinical case
in our study, which appeared as pneumonia and sepsis.
Overall, these experiments confirm that strain BPM is a
virulent pathogen.

We performed comparative genomics to reveal the
pathogenic mechanism of strain BPM. The BPM strain
and B. thailandensis species share a large proportion of
virulence factors. When compared with the reference ge-
nome sequences of B. thailandensis E264, B. thailand-
ensis 2002721723, and B. thailandensis E444, the spe-
cific virulence factors of VirB/VirD4 type IV secretion
system, HSI-I, and WcbR were indicated in strain BPM
(online Technical Appendix Table) (8-10). These specific
virulence factors may represent a transition toward a new
virulent form.

In conclusion, when considering B. pseudomallei in-
fection, clinicians should also consider the possibility of
B. thailandensis infection. B. thailandensis is not identi-
fied with use of commercially available phenotypic assays
and may be mistaken for B. pseudomallei. In the future,
deep analysis of the complete genome would be helpful in
understanding the evolution of B. thailandensis and its ad-
aptation to the environment.
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Escherichia coli Ec36 was recovered from a patient in Por-
tugal after treatment with meropenem and colistin. Besides
an IncF plasmid with Tn1441d-bla,, . ,, already reported in
clinical strains in this country, E. coli Ec36 co-harbored an
IncX4::mcr-1 gene. Results highlight emerging co-resis-
tance to carbapenems and polymyxins after therapy with
drugs from both classes.

he emergence of the mcr-1 gene (1) and reports on its

global dissemination (2) unveiled the danger of plas-
mid-associated colistin resistance. In July 2016, a 70-year-
old woman was admitted to the intensive care unit of Cen-
tro Hospitalar do Baixo Vouga-EPE, Aveiro, Portugal, for
abdominal pain, ostensibly from an abdominal occlusion.
After emergency surgery, the patient received merope-
nem (20 d), fluconazole, and linezolid (both 10 d) and was
transferred to the general medicine ward. After 50 days of
antibacterial drug therapy, a urine specimen was positive
for Klebsiella pneumoniae (Kp81). Further testing showed
a multidrug-resistance profile, including resistance to car-
bapenems, but susceptibility to colistin and tigecycline
(Table). The drug regimen was altered to colistin and tige-
cycline for 6 days, after which urine cultures were negative
for K. pneumoniae.

Urine culture was performed as a standard procedure
after 72 days. Escherichia coli (Ec36) was isolated, show-
ing a resistance profile identical to K. pneumoniae Kp81
but expressing colistin resistance (Table). PCR screening
and amplicon sequencing confirmed the presence of mcr-1
in Ec36 and bla,,_, in both isolates (1,3). All treatments
were discontinued, and the patient was discharged 72 days
after admission.

We sequenced the Ec36 whole genome (GenBank ac-
cession no. MUGF00000000) by using the Illumina HiSeq

Emerging Infectious Diseases * www.cdc.gov/eid ¢ Vol. 23, No. 8, August 2017

RESEARCH LETTERS

2500 platform (lllumina, San Diego, CA, USA); we as-
sembled it de novo by using CLC Genomics (https://www.
giagen.com/us/search/clc-genomics-workbench/) and an-
notated results by using RAST (http://rast.nmpdr.org/). We
used tools available at the Center for Genomic Epidemi-
ology (https://cge.cbs.dtu.dk) to determine the sequence
type, resistome, mobilome, serotype, virulence genes, and
pathogenicity potential.

Strain Ec36 was assigned to sequence type 744 (ST-
744) and predicted as a human pathogen with serotype
089:H10. Testing detected the virulence gene gad, en-
coding a glutamate decarboxylase involved in acid resis-
tance. Besides mcr-1 and bla,, . ,, Ec36 harbored genes
encoding resistance to aminoglycosides (strA, strB,
aacA4, aadA, aadAS5), B-lactams (bla ., .. bla ).
macrolides (mph[A]), chloramphenicol (catAl), tetra-
cycline (tet[A], tet[B]), sulfonamides (sull, sul2), and
trimethoprim (dfrAl4, dfrAl7). We used Plasmidfinder
(https://cge.cbs.dtu.dk/services/PlasmidFinder/) to iden-
tify IncX4 (100%; in the mcr-1-encoding contig), Inc-
FIA, IncFII, IncQl, IncX1, and IncIl. We used pMLST
1.4 (https://cge.cbs.dtu.dk/services/pMLST/) to identify
IncFIA and IncFll.

bla, ., was in a 16,455-bp contig, 100% identical to
plasmid sequences from clinical K. pneumoniae (4). In Por-
tugal, this plasmid was reported in clinical isolates of K.
pneumoniae, E. coli, and Enterobacter (5). bla, . , was part
of Tn4401 isoform d (4), flanked by ISKpn7 and ISKpn6
and located in a cointegrated FIA and FIl plasmid (pEc36-
KPC3), co-harboring bla ., bla,,, ., aacA4, and aadAl.
We analyzed the genetic context of bla, .., in Kp8l and
Ec36 by using a PCR-based protocol (4), which indicated
a similar context in both strains within Tn4401d in a FIA-
FII plasmid. As highlighted previously (5), results reinforce
the role of Tn4401d on the spread of carbapenemase genes
among Enterobacteriaceae in Portugal.

We identified the mcr-1 gene in a 9,085-bp contig,
which matched E. coli SHP45 100% (1). Genetic context
analysis identified a 2,600-bp mcr-1-containing cassette
recognized in different plasmid backbones (6), suggesting
its mobilization between different hosts.

The IncX4 plasmid harboring mcr-1 (pEc36_mcr-1)
was divided into 2 contigs, which we subsequently cloned
by using PCR and sequencing. pEc36_mcr-1 was 33,140
bp and had no other resistance genes, nor 1SAp11, found
originally associated with mcr-1 and linked to animal res-
ervoirs (7). Plasmid sequence showed high similarity to
pESTMCR (GenBank accession no. KU743383), pMCR1-
IncX4 (accession no. KU761327), and pMCR1-NJ-IncX4
(accession no. KX447768).

We performed mating assays by using Ec36 as donor
and E. coli J53 as recipient. Transconjugants were obtained
in Plate-Count-Agar (Merck, Germany) with sodium azide
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Table. MICs of antibacterial drugs for Klebsiella pneumoniae Kp81, Escherichia coli Ec36, transconjugant E. coli J53::mcr-1, and

recipient strain E. coli J53*

MIC, mg/L (susceptibility)

Drug K. pneumoniae Kp81 E. coli Ec 36t E. coli J53::mcr-1 E. coli J53
Amikacin 264 (R) 16 (R) ND ND
Aztreonam 264 (R) 264 (R) ND ND
Cefepime 264 (R) 2 () ND ND
Ceftazidime 264 (R) 264 (R) ND ND
Ciprofloxacin 24 (R) 24 (R) ND ND
Colistin <0.5 (S) 8 (R) 4 (R) 0.5 (S)
Gentamicin 216 (R) 216 (R) ND ND
Imipenem 216 (R) 216 (R) <0.25 (S) <0.25 (S)
Meropenem 216 (R) 216 (R) <0.25 (S) <0.25 (S)
Piperacillin 2128 (R) 2128 (R) ND ND
Piperacillin/tazobactam 2128 (R) 2128 (R) ND ND
Ticarcillin 2128 (R) 2128 (R) ND ND
Ticarcillin/clavulanic acid 2128 (R) 2128 (R) ND ND
Tigecycline 1.5(S) 1(S) 0.25 (S) 0.25 (S)
Tobramycin 216 (R) 216 (R) ND ND
Trimethoprim/sulfamethoxazole 2320 (R) 2320 (R) ND ND

*MICs were determined by using VITEK2 system AST-N222 (bioMérieux, Marcy-I'Etoile, France), except colistin, for which MICRONAUT MIC-strip
(BioConnections, Knypersley, UK) was used, and interpreted according to the European Committee on Antimicrobial Susceptibility Testing
(http://www.eucast.org). Shaded rows indicate antibacterial drugs tested for efficacy against each of the 4 organisms. ND, not determined; R, resistant; S,

susceptible.
TStrain isolated from the patient in this study.

(100 mg/L) and colistin (2 mg/L). The MIC of colistin for
the transconjugant (4 mg/L) was 8 times higher than that
for E. coli J53. We detected mcr-1 by using PCR for the
transconjugant, but not bla, . ,.

mcr-1 was previously detected in carbapenem-suscep-
tible E. coli ST744 in Denmark (8) and in E. coli ST744,
co-producing CTX-M-like B-lactamases, in Taiwan (9).
Regarding clinical mcr-1—positive E. coli, >10 STs have
been reported, including the high-risk ST-131 (8,9). There-
fore, the association of a successful clone to the spread of
mcr-1 is not evident, but apparently, it is associated with
successful plasmids (e.g., IncX4).

In Portugal, mcr-1 has been reported in Salmonella
and E. coli from food products and in clinical Salmonella
isolates (2,10). Since bla,,_, is increasingly reported in
Portugal, its co-occurrence with mcr-1-harboring plasmids
represents a serious concern.

mcr-1 has been found in isolates that produce car-
bapenemases KPC, NDM, VIM, and OXA-48 (2,7).
Carbapenemase genes usually are associated with mo-
bile elements that encode resistance to several antibac-
terial drugs, and consequently produce multiresistance
traits, as in E. coli Ec36. This scenario might predict the
emergence of drug-resistant phenotypes, likely jeopar-
dizing treatment.

In summary, we isolated KPC-3—producing and mcr-
1-harboring E. coli Ec36 from a patient after treatment
with meropenem, then colistin. Colistin-resistant Ec36
may have been part of the patient’s gut microbiome, ac-
quiring the bla, .. ,-encoding plasmid from the KP81 strain.
Although neutropenic, the patient’s samples showed an as-
ymptomatic bacteriuria. Thus, prophylactic administration
of antibacterial drugs was likely avoidable.
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Congenital Zika virus infection is associated with severe
brain anomalies and impaired function. To determine out-
comes, we followed 2 affected children for =30 months. For
1 who was symptomatic at birth, transient hepatitis devel-
oped. However, neurodevelopment for both children was
age appropriate.

Zika virus, a flavivirus, is a teratogenic and neurotropic
infectious pathogen (1). Zika virus infection during
pregnancy causes congenital microcephaly and severe brain
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anomalies (2). In the newly recognized congenital Zika
syndrome, infection is also associated with partially col-
lapsed skull, retinal damage, congenital contractures,
early-onset hypertonia, and signs of extrapyramidal in-
volvement; irrespective of a clear pathomechanism, infec-
tion is also associated with intrauterine growth restriction
and low birth weight (1). Developmental outcomes for
children born with congenital Zika virus infection have
been reported for infants with severe brain anomalies as
consequences of early prenatal exposure (3,4) and include
postnatal slowing of head circumference growth and im-
paired function.

After the first large-scale Zika outbreak in French
Polynesia, October 2013-April 2014 (5), 2 cases of peri-
partum Zika virus infection in full-term neonates were re-
ported (6). We report the follow-up and developmental out-
comes through ~30 months of age for these 2 children. We
evaluated cognition by using the Child Development As-
sessment Scale (CDAS), a screening test suitable for chil-
dren 0-5 years of age (online Technical Appendix, https://
wwwhnc.cdc.gov/ElD/article/23/8/17-0198-Techappl.pdf).

Case-patient 1 was born at 38 weeks’ gestation; his
weight, size, and neurologic status were within reference
ranges for gestational age. His mother manifested a rash,
suggestive of Zika virus infection, on day 2 after delivery.
Reverse transcription PCRs for Zika virus were positive in
blood and saliva from the mother (day 2) and neonate (day
3) and in breast milk on day 2. The neonate was breast-
fed for 2 months. He remained asymptomatic, and his
neurologic development followed a typical course. At 32
months of age, CDAS scores indicated a need to monitor
motor development but overall did not indicate neurocog-
nitive problems.

Case-patient 2 was also born at 38 weeks’ gestation but
was small for gestational age (weight 1,925 g; height 42
cm; head circumference 32 cm). Signs of Zika virus infec-
tion (rash) appeared in the mother on day 3 and in the neo-
nate on day 4. Reverse transcription PCRs for Zika virus of
blood and urine were positive for the mother (day 1) and
the neonate (days 4 and 7) and in breast milk on day 8. On
day 2, laboratory testing of blood from the neonate indicat-
ed thrombocytopenia (65.0 x 10° thrombocytes/L), leuko-
penia (4.6 x 10° cells/L), cytolysis, and cholestasis (Table);
the cholestasis resolved 4 months later. Ultrasonograms of
the liver were unremarkable, and albumin levels and hemo-
stasis remained within reference ranges. Breastfeeding was
maintained for 6 months. At 30 months of age, the child’s
growth remained within =2 SD for weight (10,725 g) and
head circumference (47 cm) and —-1.5 SD for height (86
cm). CDAS scores indicated no developmental neurocog-
nitive problems.

Follow-up of these 2 case-patients showed that peripar-
tum Zika virus infection, the exposure situation of mother-
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Table. Follow-up of liver function test results associated with perinatal Zika virus infection in case-patient 2, French Polynesia, 2014*

Date (postnatal day) AST, U/LT ALT, U/L% GGT, U/L§ Bilirubin, total/conjugate, mg/L{
Feb 4 (2) 84 11 201 158

Feb 6 (4) 38 12 297 145

Feb 10 (8) 52 18 457 128/21

Apr 8 (57) 348 150 281 66/54

Apr 16 (65) 239 139 312 50/42

Apr 30 (79) 117 86 239 10

May 13 (92) 119 104 164 8

Jun 17 (120) 57 51 40 2

Oct 25 (250) 38 47 27 2

*Boldface indicates values out of reference range. ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase.

tReference range 15-40 U/L.
fReference range 10—40 U/L.
§Reference range 2-34 U/L.
f[Reference range <14/<3 mg/L.

to-child transmission of Zika virus during gestation (when
the mother is viremic during childbirth), was associated
with neither marked illness at birth nor neurodevelopmental
deficits by 30 months of age. However, assessment of late-
onset cognitive or sensory deficits requires longer follow-up.
Transmission is assumed unlikely to occur through breast-
feeding; Zika virus isolated from milk is not replicative (6).
For the 2 case-patients reported here, transmission by con-
tact with the vaginal secretions seems unlikely; viral shed-
ding in these secretions is scarce and weak (7).

Prolonged subclinical hepatitis in case-patient 2, such
as that observed with congenital cytomegalovirus infec-
tion, resolved after 4 months. To the best of our knowl-
edge, liver pathogenesis in living neonates with Zika vi-
rus infection has not been reported but is common with
other arboviral (e.g., dengue virus) infections. This milder
pattern of peripartum Zika virus infection differs from the
usually severe neonatal dengue virus infection (severe
thrombocytopenia) and peripartum chikungunya virus in-
fection (postnatal encephalopathy).

Our findings, along with findings of mild brain lesions
(e.g., subependymal cysts and lenticulo-striate vasculitis)
after late intrauterine exposure to Zika virus (8), need to be
replicated on larger populations before it can be suggested
that placental and blood-brain barriers may be effective
late in gestation, after fetal maturation. Studies on placen-
tal barrier function have produced discordant results (9,10).
The primary human trophoblast cells of full-term placentae
have been shown to be refractory to historic strains of Zika
virus from Uganda (MR766) and Cambodia (FSS13025).
However, a contemporary strain of Zika virus from Puer-
to Rico (PRVABC59) was able to infect human placental
macrophages and mature primary human trophoblast cells
(9). In addition, primary human trophoblast cells in a non—
Zika virus—endemic population were permissive to a strain
of Zika virus from Colombia (FLR) (10).

Taken together, uncertainty about the mode of trans-
mission and discrepancies in epidemiologic study findings
make it imperative to aggregate data to enable compari-
sons of the risk for transmission as a function of exposure
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during gestation. More accurate risk estimates should soon
be possible thanks to efforts (meta-analyses of individual
participant data of existing cohorts) of the international
community, which should enable harmonized follow-up
and evaluation of developmental outcomes for children ex-
posed to Zika virus.
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California serogroup (CSG) viruses, such as Jamestown
Canyon and snowshoe hare viruses, are mosquitoborne
pathogens that cause febrile illness and neurologic disease.
Human exposures have been described across Canada,
but infections are likely underdiagnosed. We describe a
case of neuroinvasive illness in a New Brunswick, Canada,
patient infected with a CSG virus.

alifornia serogroup (CSG) viruses (family Bunyaviri-

dae, genus Orthobunyavirus) (1) include the mosquito-
borne pathogens Jamestown Canyon virus (JCV), snowshoe
hare virus (SSHV), and La Crosse virus. Competent vectors
include non-Culex mosquitoes (e.g., Aedes, Culiseta, and
Anopheles species), all of which circulate in New Brunswick,
Canada (2,3). The major reservoir and vertebrate amplifier
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of JCV is believed to be the white-tailed deer (4). Squir-
rels, chipmunks, and hares serve as vertebrate reservoirs for
SSHV (5). CSG virus infection is generally asymptomatic;
however, after an incubation period of 3—7 days, a febrile ill-
ness may develop, and central nervous system involvement
may lead to encephalitis or meningoencephalitis (6). No tar-
geted therapies exist; treatment is supportive.

We describe a previously independent 73-year-old man,
living on Grand Manan Island, off the Fundy Coast of south-
ern New Brunswick, with a febrile illness that began July 23,
2015. The man was hospitalized, and the next day he exhibited
abnormal behaviors (purposeless movements and incoherent
speech) and became increasingly confused. The confusion
and fever continued to worsen, and headache and neck pain
developed. On July 28, he was treated with ceftriaxone and
transferred to a tertiary-care hospital (Saint John Regional
Hospital, Saint John, New Brunswick), where ampicillin and
acyclovir were administered. Cerebral spinal fluid values were
as follows: leukocyte count, 1 x 10° cells/L (reference range
0-5 x 10° cells/L); glucose, 3.5 mmol/L (reference range
2.2-3.9 mmol/L); and protein concentration, 0.58 g/L (refer-
ence range 0.15-0.45 g/L). On July 30, an infectious diseases
specialist diagnosed the patient with viral encephalitis, most
likely secondary to herpes simplex virus infection; ceftriaxone
and ampicillin were discontinued. At a neurology consultation
on July 31, the patient was still febrile and confused; brain
magnetic resonance imaging revealed no acute pathology.

On August 4, additional information revealed that
the patient went on frequent excursions into the woods
of Grand Manan Island and had exposures to feral cats.
Doxycycline was initiated, and serologic tests were con-
ducted for Bartonella, Borrelia, Coxiella, and Anaplasma
species and for Powassan virus, JCV, and SSHYV; tests
were also conducted to rule out paraneoplastic process
and autoimmune causes. By August 12, the patient was
afebrile but remained confused. On August 18, PCR was
negative for herpes simplex virus in CSF, and an electro-
encephalograph revealed no periodic lateralizing epilep-
tiform discharges; acyclovir was discontinued. Initial se-
rologic test results were negative, and the patient showed
no autoimmune or paraneoplastic markers. During a geri-
atric assessment, the patient showed persistent delirium,
scoring 13/30 on a mini-mental state examination.

On August 21, we received the patient’s initial CSG
serology results and collected follow-up serum samples
for standard serologic testing by IgM capture ELISA and
plaque-reduction neutralization testing (PRNT) (7,8). The
acute-phase serum sample was IgM-negative but positive
for CSG virus—specific neutralizing antibodies by PRNT
(Table). Serial convalescent-phase serum specimens dem-
onstrated IgM seroconversion several weeks after symptom
onset and a >4-fold rise in PRNT titers for JCV and SSHYV,
indicating a diagnostic rise. Because serum neutralization
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Table. Serologic test results for a patient with California serogroup virus infection associated with encephalitis and cognitive

decline, Canada, 2015*

Virus July 31 August 10 August 21
Jamestown Canyon virus
ELISA IgM Negative Equivocal Positive
PRNT titer 1:40 1:160 1:320
Snowshoe hare virus
ELISA IgM Negative Equivocal Positive
PRNT titer 1:20 1:320 1:320
*PRNT, plaque reduction neutralization test.
titers for both viruses were equivalent or, at most, demon- References

strated only a 2-fold difference, the specific CSG virus as-
sociated with the patient’s illness could not be determined.
Confirmatory PRNT titers for both viruses and the absence
of IgM in the acute-phase serum suggest prior exposure to
a CSG virus associated with the etiologic pathogen in this
case. Secondary infections with orthobunyaviruses may re-
sult in a gradual or delayed rise in IgM, with neutralizing
antibodies already detectable early after symptom onset, as
documented in other cases involving CSG viruses (9).

Results for all other serologic tests were negative,
leading to a modification of the diagnosis to confirmed
CSG viral encephalitis. On September 9, the patient was
transferred to a nursing home. In January 2016, further as-
sessment revealed a lower mini-mental state examination
score of 11/30. The patient, who was totally dependent for
personal care and instrumental activities of daily living,
was diagnosed with postencephalitic dementia.

Exposures to CSG viruses have been documented in
New Brunswick (5; M.A. Drebot, unpub. data), and sero-
logic results described in this report suggest that the patient
may have been infected by JCV or SSHV on 2 different oc-
casions. Human seroprevalence of CSG virus, specifically
JCV, has been noted to be high in the maritime provinces
of Atlantic Canada. A serosurvey in Nova Scotia identified
an overall CSG seroprevalence of 21.2% (95% CI 16.1%—
27.0%) (10). As such, there is need for increased awareness
that these viruses are circulating during the mosquito sea-
son and may be associated with human disease.

Although most CSG infections result in mild illness,
this case further highlights that these viruses can cause
severe and debilitating neuroinvasive disease. Patients
who seek medical care for febrile or encephalitic clinical
symptoms and who have possible or known exposures to
mosquito vectors should be considered for CSG virus test-
ing. JCV and SSHYV infection should be considered in the
differential diagnosis for such patients during the spring,
summer, and fall.

Dr. Webster is an infectious diseases consultant and medical
microbiologist at the Saint John Regional Hospital and an
associate professor in the Faculty of Medicine at Dalhousie
University in Saint John, New Brunswick, Canada. His
primary research interests include zoonoses, harm reduction,
tuberculosis, and glycosylation.
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Persons who read information about a hypothetical influen-
za strain with scientific (H11N3 influenza) or exotic-sound-
ing (Yarraman flu) name reported higher worry and vaccina-
tion intentions than did those who read about strains named
after an animal reservoir (horse flu). These findings suggest
that terms used for influenza in public communications can
influence reactions.

I nfluenza strains are referred to in several ways by infec-
tious disease experts, public health officials, clinicians,
and the media when communicating with the public. These
influenza strain labels can focus on where the strain origi-
nated (e.g., Spanish flu), the animal reservoir (e.g., avian/
bird flu), or the hemagglutinin and neuraminidase surface
proteins of the strain (e.g., HIN1 influenza).

Changes in terms used to describe a health risk can shape
responses to those risks (1-5). For example, using metaphors
to describe influenza (e.g., the flu as an army invading the
body) may increase influenza vaccination intentions of the
public compared to literal descriptions (e.g., the flu is a virus
infecting the body) (1). Labels could affect health behavior
by the emotional responses they evoke (e.g., worry about in-
fection) as a result of the terms used (6).

We tested how influenza labels affect vaccination in-
tentions and worry about infection in a number of countries
that have different cultures (1), vaccination policies (2), and
experience with epidemics (3,7). After receiving exempt sta-
tus from the University of Michigan Medical School insti-
tutional review board, we randomly recruited adults from a
panel of internet users identified by using Survey Sampling
International (SSI) (https://www.surveysampling.com/). Us-
ers were from 11 countries, the United States (n = 1,787) and
10 countries in different regions of Europe: northern [Fin-
land (n = 1,554), Sweden (n = 1,539), Norway (n = 764)];
southern [Italy (n = 1,509), Spain (h = 1,604)]; eastern [Hun-
gary (n =998), Poland (n = 1,509)]; and western [Germany
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(n = 1,546), the Netherlands (n = 1,938), the United King-
dom (n = 1,762)]. We established quotas for age and gen-
der to approximate the distribution of these characteristics
in each country. Participants received modest compensation.

Respondents read a mock news article, ostensibly
from an interview with a national health organization of the
participant’s country, describing the spread of a pandemic
influenza strain within their country (online Technical Ap-
pendix, https://wwwnc.cdc.gov/ElD/article/23/8/17-0364-
Techapp.pdf). Each article contained information about the
spread, symptoms, and severity of the virus and about the
development of a vaccine.

Each version of the article referred to the influenza
strain by using | of 3 randomized labels: 1) “H11N3 influ-
enza,” a surface protein label; 2) “horse flu,” an animal res-
ervoir label; or 3) “Yarraman flu,” an exotic-sounding label
(Yarraman is an Australian aboriginal term for “horse”™).
We used novel labels to avoid associations with and reac-
tions to established influenza labels. The study included ad-
ditional factors that were cross-randomized with the label
factor and are not discussed here.

After reading the article, participants were asked to imag-
ine that the described scenario was actually occurring and
then rate the level of their worry about contracting influenza
and plans to receive vaccination once a vaccine for this strain
of influenza became available. Responses were on 7-point
scales; higher values indicated greater worry or vaccination
intentions. We tested for main effects of reactions to labels by
using 1-way measured analysis of variance (ANOVA) with
Bonferroni-adjusted planned contrasts. We used additional
2-way ANOVA tests to determine whether effects of the la-
bel manipulation differed across countries. We used the PRO-
CESS macro for IBM SPSS Statistics 23 (IBM, Armonk, NY,
USA) to conduct a mediation analysis and test for the effect of
labels on vaccination intentions, controlling for worry.

Of 20,138 participants, 16,510 (82.0%) completed the
full survey. The average participant age was 46.8 (range
18-99, SD 16.2) years; 49.8% were female.

Participants reported higher levels of worry about
contracting the influenza strain when it was reported
as “Yarraman flu” (mean 3.86, SD 1.83) or “H11N3
influenza” (mean 3.83, SD 1.82) compared with “horse
flu” (mean 3.74, SD 1.86; F statistic [2-16,339] = 7.73,
p<0.001). Participants also reported higher vaccina-
tion intentions when the strain was reported as “Yarra-
man flu” (mean 4.67, 1.99) or “H11N3 influenza” (mean
4.66, SD 2.03) compared with “horse flu” (mean 4.54,
SD 2.04, F[10-16,339] 6.48; p = 0.002). The effect of
the influenza label on vaccination intentions was medi-
ated by worry (Figure). Despite differences in reports of
worry (F[10-16,339] = 100.07, p<0.001) and vaccination
intentions (F[10-16,384] = 58.27, p<0.001) of participants
in the 11 countries, the effects of the influenza label on
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Figure. Regression coefficients for the effect of influenza labels on
worry for infection and intentions for vaccination. Label conditions
were dummy coded to estimate the effects of “H11N3 influenza”
(X,) and “Yarraman flu” (X,) labels compared with the “horse flu”
label. The effect of influenza labels on vaccination intentions,
controlling for worry, is in parentheses. **p<0.01; ***p<0.001.

worry (p = 0.281) and vaccination intentions (p = 0.467)
did not significantly interact with country status.

Our results indicate that the choice of disease labels for
public communications about outbreaks cannot be made by
personal preference. In this study, an animal reservoir la-
bel evoked weaker responses from participants than other
labels. Although these results could be specific to the ani-
mal we chose, using an animal reservoir label may produce
greater misconceptions (e.g., exposure to the animal neces-
sary for transmission) that undermine suspicions of risk.
Further research is needed to determine whether this effect
is context-specific or generalizes to other animal reservoir
labels for infectious diseases and whether our findings rep-
licate in a nonhypothetical context.
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We evaluated the risk for the Spanish Olympic Team acquir-
ing Zika virus in Rio de Janeiro, Brazil, during 2016. We re-
cruited 117 team members, and all tested negative for Zika
virus. Lack of cases in this cohort supports the minimum risk
estimates made before the Games.

he current Zika virus epidemic became a major concern

for national Olympic delegations before they traveled
to Rio de Janeiro, Brazil, during summer 2016. Fear about
individual consequences of the infection, such as congeni-
tal or neurologic disorders, were common among athletes
and other participants of the Olympic Games and led some
persons not to attend the Games for these reasons. The pos-
sibility of the Olympics contributing to a global spread of
the Zika virus epidemic also was a concern, initially raised
by ~100 academic researchers, expressed in an open let-
ter addressed to the World Health Organization (WHO) in
May 2016 (1,2).

The risk for Zika during the Rio de Janeiro Olympic
Games was estimated to be very low in different models
published in medical journals (9 x 10 to 3 x 10-°) (3-6).
After considering these figures, WHO advised that the
Games should not substantially affect the epidemic (7).

To evaluate the risk for the Spanish Olympic Team ac-
quiring Zika virus, our research group from 6 hospitals in
Spain invited members of the Spanish delegation to partici-
pate in a serologic study of Zika virus 20 and 30 days after
returning from Rio de Janeiro. The study was conducted
in 6 different recruiting Tropical Medicine Units in cities
in Spain (Barcelona, Madrid, Sevilla, San Sebastian, Las
Palmas de Gran Canaria, and Almeria).

Athletes and other participants were invited to partici-
pate in the study through the Spanish Olympic Commit-
tee. Atotal of 117 Olympics participants accepted and were
included in the study during September and October 2016.
After providing oral and written information, study partici-
pants signed an informed consent form, and demographic
and health data were recorded in a medical questionnaire.
Atotal of 10 mL of blood was drawn from each participant,
and serologic tests for Zika virus (immunofluorescence
antibody assay; EUROIMMUN, Luebeck, Germany), den-
gue virus (ELISA; Panbio, Kyonggi-do, Republic of Ko-
rea), and chikungunya virus (immunofluorescence assay;
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EUROIMMUN) were conducted at the Instituto de Salud
Carlos III (Spanish National Reference Laboratory, Ma-
drid, Spain). For all samples initially testing positive for
Zika virus, we conducted microneutralization testing.
Twenty-one participants had >1 signs or symptoms
while in Brazil: 18% rash, 23% fever (temperature >38°C),
14% itching, 9% of conjunctival hyperemia, 9% arthralgia,
14% myalgia, 40% malaise, 9% lymphadenopathy, 32%
headache, and 19% gastrointestinal symptoms. Ninety-nine
percent of participants received Zika virus counseling be-
fore they traveled to Rio de Janeiro, including the advice of
having protected sex during and after the Games (Table).
For 4 persons, test results for Zika virus 1gG was
positive; IgM and neutralization testing yielded negative
results. The 4 Zika virus 1gG—positive participants had re-
ceived previous yellow fever vaccination and were asymp-
tomatic. One sample showed Zika virus IgM in the absence
of specific IgG; the results were confirmed in a follow-up
sample. Thus, the sample was classified as false positive.

Table. Demographic and travel-related characteristics of 117
Spanish athletes who attended the Olympic Games, Rio de
Janeiro, Brazil, 2016*

Characteristic Results
Sex

M 76 (65.0)

F 41 (35.0)
Age, y, median + SD 35.54 £+ 9.46
Athletes

All athletes 53 (45.3)

Outdoor athletes 35 (66.0)

Spanish nationality 112 (95.7)
Chronic disease 6 (5.1)

Immunosuppression 0

Current pregnancy, own or partner’s 9 (7.1t
Intention to conceive within the following 6 mo 29 (24.8)
Sex
M 22 (75.9)
F 7 (24.1)
Vaccination and travel advice
Vaccine
Yellow fever 23 (19.6)
Japanese encephalitis 0
Tickborne encephalitis 0
Attendance at a travel clinic 115 (98.3)
Zika advice included 116 (99.2)
>1 Visit to a tropical country 74 (63.3)

Previous diagnosis of dengue 0
During the trip

Length of stay, d, median = SD 21.35+9.05
Places visited
Rio de Janeiro 103 (88)
Rio de Janeiro, Deodoro, and Barra 7 (6.0)
Rio de Janeiro and Ilha Grande 4 (3.4)
Rio de Janeiro and Paraty 1(0.85)
Rio de Janeiro and French Polynesia 1(0.85)
Use of bed nets or air conditioners 61 (52.6)
Use of repellent 111 (94.9)
Risky sexual behavior 2(1.7)
Recall >1 mosquito bite during stay 56 (47.9)

*All values are no. (%) unless otherwise indicated.
tMale participants’ partners who were pregnant before the Games.
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Study participants were advised to wait to conceive in
accordance with WHO specifications: 6 months for men,
2 months for women. Participants with pregnant partners
were advised to use condoms during the entire pregnancy.

Alack of Zika cases in this cohort supports the risk cal-
culations made before the Games and the WHO statement
that there were no Zika cases associated with the Olympic
Games (8). Although 48% of participants in our study re-
called at least 1 mosquito bite during the stay, the overall
absence of cases in the Rio de Janeiro population during
July and August 2016 (9,10) is believed to be due to the
vector-control efforts by Brazilian authorities before the
Games and to the winter weather, leading to a low presence
of adult mosquitoes and mosquito bites (5,6).

This work was supported by La Caixa Foundation and the
Spanish Olympic Committee. The laboratory work was
supported by RICET (Network Biomedical Research on Tropical
Diseases), RD16CI11/003/003.
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We report a human case of ocular Dirofilaria infection in
a traveler returning to Austria from India. Analysis of mi-
tochondrial sequences identified the worm as Candidatus
Dirofilaria hongkongensis, a close relative of Dirofilaria re-
pens, which was only recently described in Hong Kong and
proposed as a new species.

Diroﬁlariosis, caused by Dirofilaria repens or D. immitis
nematodes, is a zoonotic filarial infection transmitted
through the bite of various mosquitoes. The most frequent
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manifestations in humans are subcutaneously migrating
worms and formation of nodules in various body parts (1).
Increasing numbers of human D. repens infections have
been reported from Europe, Africa, and Asia (2,3). Austria
was considered nonendemic, until the first autochthonous
case in a human was reported in 2006 (4) from the most east-
ern province, the Burgenland, where D. repens nematodes

RESEARCH LETTERS

were recently also found for the first time in 2 Anopheles
mosquito species (5). We describe a case of imported oc-
ular dirofilariosis caused by the recently newly proposed
species Candidatus Dirofilaria hongkongensis (6).

The patient, a 38-year-old woman, had recurrent eyelid
swelling in both eyes and conjunctival inflammation with
watery discharge beginning in June 2011 (online Technical

Figure. Phylogenetic analysis of the genus Dirofilaria based on cytochrome C oxidase subunit | gene sequences from a worm surgically
extracted from the eye of a patient who had returned to Austria after travel to India. Bootstrap values and results of the Shimodaira-
Hasegawa test are shown before and after the slash. The sequence from the current patient is shown in bold, and clusters within
Candidatus Dirofilaria hongkongensis, with Dirofilaria repens as the sister taxon. Two samples, classified as Dirofilaria sp. MK-2010
(GenBank accession no. GU474429) and D. repens from Romania (accession no. KU321603), show very high divergence and probably
represent different species. The scale bar represents 0.1 substitutions per site. The samples are identified by GenBank accession
numbers, country, and host origin, when available. The genera Dirofilaria (D.) and Onchocerca (O.) as well as the Candidatus status (C.)

are abbreviated in species names.
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Appendix Figure, panel A, https://wwwnc.cdc.gov/EID/
article/23/8/17-0423-Techappl.pdf). She visited numerous
physicians and, upon various putative diagnoses (ranging
from sicca syndrome to burnout syndrome), she received
corresponding therapies, including antibiotics, steroids, and
acupuncture. From January 2012 on, the eyelid swellings
were accompanied by a creeping sensation and occurred
more often. In early August 2012, she sought care at the
emergency department of a university eye clinic in Vienna,
Austria. She had a moving object in her left eye. Slit lamp
examination revealed a white slender worm moving sub-
conjunctivally in the temporal part of the left eye (online
Technical Appendix Figure, panel B). The conjunctiva was
opened under topical anesthesia, and a 13-cm worm (online
Technical Appendix Figure, panel C) was removed (Video,
https://wwwnc.cdc.gov/ElD/article/23/8/17-0423-V1.htm)
and morphologically identified as a nongravid female of D.
repens (online Technical Appendix Figure, panel D). Re-
sults of serologic testing for filariae were negative before
and after extraction of the worm, as were results for testing
of EDTA blood for microfilariae. Blood test results, includ-
ing differential blood counts, were within reference ranges
throughout the case history. The patient had returned from
a 7-week stay in India, including the areas of Goa, Maha-
rashtra, Delhi, and Uttar Pradesh, 3 months before initial
onset of symptoms. Her travel history of the preceding 3
years included 4 more trips to India of several weeks each;
a 2-week stay in Israel (October 2010); and a 2-week stay
in Dubai, United Arab Emirates (July 2009).

For confirmation of the morphologic identification,
we isolated DNA from a 1-cm piece of the worm after
homogenization by using the QIAamp DNA Mini Kit
(QIAGEN, Hilden, Germany). We amplified fragments of
the cytochrome C oxidase subunit I (COI) with panfilar-
ial primers COXfw 5'-GCKTTTCCTCGTGTTATGC-3"/
COXrev 5-CCAGCCAAAACAGGAACAG-3' and 12S
rRNA with panfilarial primers Panfil-12S-F 5-GTTC-
CAGAATAATCGGCTA-3'/Panfil-12S-R  5-ATTGAC-
GGATGRTTTGTACC-3" (7). We sequenced amplicons
and subjected them to phylogenetic analyses (online Tech-
nical Appendix). All sequence data were submitted to Gen-
Bank (accession nos. KY750548-KY750550).

The 329 bp COI fragment (accession no. KY750548)
showed 99%-100% identity to 2 sequences from Candida-
tus Dirofilaria hongkongensis (accession nos. KX265050
and JX187591). Identity to D. repens sequences was 95%—
96%, to D. immitis 89%, and to Onchocerca spp. up to 92%.
The 466 bp mitochondrial 12S rDNA fragment (accession
no. KY750549) showed 99% identity to Candidatus Diro-
filaria hongkongensis sequences from case-patients in India
(accession no. KX265050) and Hong Kong (accession no.
KY750550), the latter derived from original material of the
first description of Candidatus Dirofilaria hongkongensis
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(6). Identity to a Dirofilaria sp. from a patient returning
from India and Sri Lanka and to Dirofilaria sp. Thailand I1,
recently reported among dogs in Thailand (accession nos.
KX265092 and KX265093) (8), was also 99%. Phylogenetic
analysis using the COIl sequence clearly placed the sequence
into the Candidatus Dirofilaria hongkongensis cluster, the
sister taxon to D. repens (Figure). Although D. immitis
shows virtually identical COI sequences from 4 continents,
genetic variability in D. repens—like parasites is obviously
much higher, possibly associated with varying zoonotic po-
tentials, reservoirs, and vectors; however, molecular data on
Dirofilaria are still scarce.

In this case, Candidatus Dirofilaria hongkongensis
was most likely acquired in India. An infection in Austria
seems unlikely because, until now, only 1 singular autoch-
thonous Dirofilaria infection has been reported, and that
case was classic D. repens infection (4). Dubai is consid-
ered nonendemic for Dirofilaria spp. parasites, whereas Is-
rael is known to be endemic for D. repens nematodes (1,3),
but the patient’s trips to these countries were much longer
ago than her latest trip to India. Moreover, all cases from
India or Sri Lanka analyzed by us so far represented Can-
didatus Dirofilaria hongkongensis (8,9; S. Poppert, unpub.
data), suggesting that this species is widely distributed on
the Indian subcontinent. In fact, whether classical D. re-
pens infection occurs in India at all is unclear. Infections
with Candidatus Dirofilaria hongkongensis nematodes
might take a similar course as infections with classical D.
repens; however, a case of meningoencephalitis caused
by nematodes of this candidate species also has been de-
scribed (9). Dirofilaria spp. parasites isolated from human
case-patients should be investigated by molecular methods
to establish an exact species diagnosis, especially if infec-
tions were acquired outside Europe.
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We identified the mucus-activatable Shiga toxin genotype
stx2d in the most common hemolytic uremic syndrome—as-
sociated Escherichia coli serotype, O157:H7. stx2d was de-
tected in a strain isolated from a 2-year-old boy with bloody
diarrhea in Spain, and whole-genome sequencing was used
to confirm and fully characterize the strain.

he foodborne zoonotic pathogen Shiga toxin (Stx)—

producing Escherichia coli (STEC) is responsible for
human diseases ranging from uncomplicated diarrhea to
the life-threatening hemolytic-uremic syndrome (HUS)
(1). Stx production is the most determining virulence fac-
tor implicated in HUS, and the intimin, encoded by eae,
is the most common adherence factor in HUS-associated
STEC (1). Stx2d is a Stx2 variant in which cytotoxicity
is increased (from 35- to 350-fold) by the action of elas-
tase in intestinal mucus (2). This mucus-enhanced toxic-
ity is termed “activation,” and activatable Stx2d proteins
are designated Stx2dact. Stx2dact production and Stx2dact
genotype (stx2d) have been associated primarily with eae-
negative STEC and considered a predictor for severe clini-
cal outcome in such infections (3).

All STEC strains received or isolated in the Reference
and Research Laboratory of Food and Waterborne Bacterial
Infections (Majadahonda, Spain) are routinely tested for
stx1 and stx2 subtypes by a PCR subtyping method (4). For
serotyping, O antigen is identified with both commercial
antiserum and PCR (5), and H antigen is identified by PCR
amplification of the ffiC gene (6) and further sequencing of
the PCR product. During 2012-2016, stx2d was identified
in 7 (3%) of 236 STEC strains isolated from patients with
HUS and/or diarrhea in Spain (193 eae-positive and 43 eae-
negative strains). Six were eae-negative non-O157 STEC
belonging to serotypes O73:H18 (2 strains), O91:H21,
0148:H8, 0181:H49, and ONT:H21. Strikingly, the other
stx2d-positive strain identified (CNM-2140/12) belonged to
serotype O157:H7 and contained stx2d in combination with
stx2c, apart from eae. The strain had been isolated from a
2-year-old boy with bloody diarrhea July 2012, and it fer-
mented sorbitol after overnight incubation on sorbitol Mac-
Conkey agar (Becton Dickinson, Sparks, MD, USA). We
confirmed Stx2 production using the enzyme immunoassay
kit SHIGA TOXIN QUIK CHEK (TechLab, Blacksburg,
VA, USA). The activatable property of the toxin was con-
firmed by partial sequencing of the stx2 gene (4), analysis
of the resulting nucleotide sequence by comparison with the
published stx2 reference sequences, and comparison of the
resulting amino acid sequences. The nucleotide sequence
of stx2d (GenBank accession no. MF094370) was 100%
identical to that of strain 06-5231 (O55:H7, GenBank ac-
cession no. EF584538). The sequence was translated to
amino acids (online Technical Appendix Figure, https:/
wwwnc.cdc.gov/ElD/article/23/8/17-0570-Techappl.pdf),
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Table. Virulence gene profile of the stx2d-positive Shiga toxin—producing Escherichia coli 0157:H7 strain CNM-2140/12*

Virulence factor Identity Protein function GenBank accession no.
ehxA 100.00 Enterohemolysin AB011549
etpD 100.00 Type Il secretion protein AB011549
nleA 100.00 Non-LEE encoded effector A AE005174
espP 99.92 Extracellular serine protease plasmid-encoded AB011549
nleB 99.90 Non-LEE encoded effector B AEO005174
gad 98.50 Glutamate decarboxylase BAO00007
iss 98.30 Increased serum survival CP001509
eae 100.00 Intimin AF071034
iha 100.00 Adherence protein AE005174
tir 100.00 Translocated intimin receptor protein EU871626
stx2B 100.00 Shiga toxin 2, subunit B, variant c AB071845
iss 98.54 Increased serum survival CuU928160
astA 100.00 EAST-1 heat-stable toxin HM099897
astA 91.96 EAST-1 heat-stable toxin AB042005
nleC 100.00 Non-LEE encoded effector C AP010960
espA 100.00 Type lll secretions system AE005174
gad 98.50 Glutamate decarboxylase BAO00007
nleB 99.90 Non-LEE encoded effector B AEO005174
espJ 99.85 Prophage-encoded type Il secretion system effector AE005174
katP 100.00 Plasmid-encoded catalase peroxidase AB011549
espB 100.00 Secreted protein B AEO005174
nleC 100.00 Non-LEE encoded effector C AE005174
stx2B 100.00 Shiga toxin 2, subunit B, variant d EF584538

*Determined from raw whole-genome sequence data using VirulenceFinder (https://cge.cbs.dtu.dk//services/all.php). A percent identity threshold of 90%
between the input and the best matching database gene was selected. Bold indicates the mucus-activatable Shiga toxin genotype. EAST,
enteroa&gregative E. coli heat-stable enterotoxin; LEE, locus of enterocyte effacement.

and the activatable property of Stx2d was confirmed with
the combined presence of the “activatable tail,” the last 10
aa in the C-terminal end of the A subunit (KSQSLYTTGE),
and the END motif at position 14-16 in the N-terminal end
of the B subunit (4). Stx-associated bacteriophage insertion
sites genotyping was performed (7). According to the Stx-
associated bacteriophage insertion genotype nomenclature
proposed by Shringi et al. (8), the strain belonged to the
SY?2c genotype; both shcB and yehV loci were occupied,
the former with a Stx2c-associated bacteriophage, plus the
additional insertion of the Stx2d-associated bacteriophage
within the yecE locus, as recently reported for stx2d-posi-
tive STEC 026:H11 (7).

To confirm the genotypic traits mentioned earlier, we
sequenced the strain using an lllumina NextSeq 500 next-
generation sequencer system (lllumina, San Diego, CA,
USA). We extracted DNA using a QIAamp DNA Mini Kit
(QIAGEN, Hilden, Germany) and generated a genomic
DNA paired-end library using a Nextera XT DNA Sample
Preparation Kit (Illumina). A total of 1,371,617,258 bp were
obtained, providing ~250-fold coverage and 9,083,558 reads.
The sequencing reads have been deposited in the SRA-NC-
Bl public sequence repository (accession no. SRP107062).
From the raw whole-genome sequence data, we confirmed
serotype O157:H7 using SerotypeFinder; investigated the
virulence gene profile, including stx subtypes, using Viru-
lenceFinder (Table); and identified acquired antimicrobial re-
sistance genes using ResFinder (all publicly available on the
Center for Genomic Epidemiology server, https://cge.cbs.
dtu.dk//services/all.php). In addition, we detected mutations
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in the quinolone resistance—determining regions of the gyrA
and parC genes in silico on the whole-genome sequence, and
no acquired antimicrobial resistance gene or mutation con-
ferring quinolone resistance were identified.

Despite its usual association with eae-negative STEC,
we identified the mucus-activatable Stx genotype also in
STEC 0157:H7, the most common HUS-associated eae-
positive STEC serotype. This rare virulence gene combina-
tion (stx2d/eae) was recently described in STEC 026:H11
isolated from several HUS patients (9) and in STEC O80:H2
causing HUS and bacteremia in France (10). Although its
clinical implications remain unknown—because the strain
in our current study was isolated from a patient with bloody
diarrhea but not HUS, whereas those isolated in France
originated from patients with HUS—these examples show
the potential for acquiring and transferring important STEC
virulence factors, which can lead to unusual and potentially
more virulent strains. Further studies are needed to better
determine whether stx2d-positive O157:H7 and other eae-
positive non-0O157 STEC strains carrying this stx subtype
are statistically significant in humans and to determine their
clinical implications.

This work was supported by grants MPY-1042/14 and
P114Cl11/00051 from “Fondo de Investigaciones Sanitarias”
from the Spanish Ministry of Economy and Competitiveness
and S2013/ABI-2747 from the Madrid Regional Government.
S.S. performed this work while under a research contract from
the Miguel Servet program from “Fondo de Investigaciones
Sanitarias” from the Spanish Ministry of Economy and
Competitiveness (CP13/00237).
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To the Editor: | read with interest the article by
Khan et al. (1). The National Vector-borne Disease Con-
trol Program reported >60,000 cases of acute encephali-
tis syndrome (AES) in India during 2010-2016; 8 states
(Assam, Uttar Pradesh, West Bengal, Odisha, Tamil
Nadu, Karnataka, Manipur, and Tripura) accounted for
most cases (2). In many states, outbreaks of AES oc-
cur during the rainy season and are associated with high
mortality rates. Following the national surveillance al-
gorithm, AES cases are investigated for IgM against
Japanese encephalitis, which accounted for <15% AES
cases. Khan et al. reported 20% of AES cases were due
to scrub typhus (Orientia tsutsugamushi infection) (1).
In Gorakhpur, Uttar Pradesh, 62.7% of AES patients had
O. tsutsugamushi IgM, with a case-fatality rate of 16.2%
(3). Studies have reported central nervous system (CNS)
involvement among a substantial number of scrub typhus
patients from Dehradun, Uttarakhand; Vellore, Tamil
Nadu; Puducherry; and Lucknow, Uttar Pradesh (4,5).
Given these findings, managers of the national program
should consider investigations for scrub typhus as part
of the surveillance algorithm for AES cases.

Higher mortality rates among patients with AES
could be attributed to delayed care. In Gorakhpur, where
outbreaks of AES occur seasonally, the median interval

between fever onset and hospitalization was 7 days (IQR
5-10 days) (3). Although intravenous azithromycin has
been recommended for AES patients in Gorakhpur since
2014, fatality rates continue to be high, indicating low re-
sponse to treatment after CNS involvement. Early treat-
ment of patients with acute febrile illness with antimicrobi-
al drugs such as doxycycline before CNS manifestations is
critical. Assessing the contribution of scrub typhus among
patients with acute febrile illness, developing algorithms
for administering appropriate antimicrobial drugs, and edu-
cating healthcare providers about the use of doxycycline
are crucial for reducing deaths among patients with AES in
scrub typhus—endemic areas.
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Mosquito:
A Discovery Channel
Documentary

Su Rynard, director; Yap Films; first broadcast on
Discovery Channel, July 6, 2017

Running time: =60 minutes

he Discovery Channel documentary Mosquito, world-
wide premiere scheduled for July 6, 2017, is an excel-
lent film intended to educate those who are unaware of the
dangers posed by mosquitoes worldwide. Well, not exactly.
Mosquitoes themselves pose no great dangers to humans,
livestock, or wildlife. It is the viruses or other potential
pathogens that mosquitoes carry and can transmit that are
the dangers, and they number in the hundreds, if not thou-
sands. Still, Mosquito is rather thorough for a 1-hour film.
Mosquito provides brief background and informative
statements by experts including Anthony Fauci, Director,
National Institute of Allergy and Infectious Diseases, Na-
tional Institutes of Health; Thomas Friedan, former direc-
tor, Centers for Disease Control and Prevention; Bill Gates,
co-chair and trustee, Bill and Melinda Gates Foundation;
and Bart Knols, entomologist, author, and entrepreneur. The
film delves into recent and past viral and parasitic disease
transmission and the roles played by mosquitoes with regard
to geographic distributions, natural cycles, epidemiologies,
and effects on humans. Although the film describes the ter-
rible illnesses caused by Zika, dengue, chikungunya, and
West Nile viruses and malarial parasites, it emphasizes the
mosquito vectors that transmit them and the environmental
changes that are causing transmission rates to increase.
With proper emphasis on Aedes aegypti, Aedes albop-
ictus, Anopheles gambiae, and other principal mosquito
vectors of viruses and parasites, Mosquito takes us from the
essentials of mosquito breeding to the diseases caused by

the agents they carry. The film goes on to show the miser-
able effects these diseases have on the lives of their victims,
along with the economic effects on the victims’ families
and communities.

Many vectorborne diseases are geographically iso-
lated and simply ignored by persons outside those areas
until such time as they burst forth and affect greater and
greater numbers of humans, livestock, or wildlife. A re-
cent example is Zika virus. What the film only implies is
that those who control the funds that could be used to un-
derstand the potential for disease outbreaks and to predict
epidemic spread are not those who are on the battlefield
asking for such help. To its credit, however, the film high-
lights use of bed nets, standard and novel vector-control
methods, and the need to develop better universal meth-
ods for mosquito control.

The photography is brilliant, albeit somewhat repeti-
tive (hospitalized children and their sad parents), and the
dialogue is accurate for the most part. However, to say
that Mosquito is correct in all aspects would be incorrect;
its mention of Culex species mosquitoes as proven vec-
tors of Zika virus is, if not incorrect, then premature. Bart
Knols, an enthusiastic speaker, has a prominent role in
this film, explaining complex processes; he is an expert in
malaria control and also a fine teacher of virus transmis-
sion by mosquitoes.

Charles H. Calisher

Author affiliation: Associate Editor, Emerging Infectious Diseases;
Colorado State University, Fort Collins, Colorado, USA

DOI: https://doi.org/10.3201/eid2308.171064

Address for correspondence: Charles H. Calisher, Colorado State
University—Microbiology, Immunology and Pathology, Delivery Code
1690, Foothills Campus, 3195 Rampart Rd, Fort Collins, CO 80523-
1690, USA,; email: calisher@cybersafe.net

Correction
Vol. 22 No. 10—October 2016

Streptococcus suis was incorrectly described in the
text of Streptococcus suis Serotype 2 Capsule In Vivo
(Auger J et al.). It is a gram-positive bacterium. The article
has been corrected online (https://wwwnc.cdc.gov/eid/
article/22/10/15-1640_article).
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Correction
Vol. 23 No. 6—June 2017

A subhead was missing and layout was incorrect in
the Table for Brucella neotomae Infection in Humans,
Costa Rica (M. Sudrez-Esquivel et al.). The article has
been corrected online (https://wwwnc.cdc.gov/eid/article/
23/6/16-2018_article).
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Alexander Skachkov (b 1973), Varna, Bulgaria. Old Mosquito, 2014 (detail). Pencil drawing, continued in Photoshop as grayscale
drawing. Colorized with Hard Light, Multiply, Overlay, and Color layer color mode, 36 in x 43.5in/91.44 cm x 110.48 cm.

Hematophagous Endeavors, Fact and Fancy

Byron Breedlove and Paul M. Arguin

Let’s start with some facts. The word "mosquito" is Span- Mosquitoes belonging to about three quarters of rec-
ish for “little fly.” The single family Culicidae comprises ognized species consume blood. Female mosquitoes of
more than 3,500 species of mosquitoes, and these ectopara-  those species are equipped with tubular mouthparts that can
sites are found in a wide range of environments spanning  pierce the skin of their human and animal hosts to consume
the globe with the exception of Antarctica. The life span of blood. The blood provides them with protein to produce

adult mosquitoes ranges from 2 weeks to 6 months. eggs. When they are not producing eggs, female mosqui-
Author affiliation: Centers for Disease Control and Prevention, toes typically consume the same things that males do, nec-
Atlanta, Georgia, USA tar and sap from a variety of plants. Male mosquitoes do not

need to feed on blood and consequently have not evolved to
DOI: https://doi.org/10.3201/eid2308.AC2308 have Iarger mandibles for piercing Iayers of skin.
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Some mosquitoes spread disease-causing agents that
have serious and widespread consequences for humans and
animals. Mosquitoes transmit the five Plasmodium parasite
species that cause malaria in humans and the infectious
agents that can cause chikungunya disease, dengue hem-
orrhagic fever, Japanese encephalitis, lymphatic filariasis,
Rift Valley fever, West Nile virus infection, and yellow fe-
ver. Of those, the illness that sickens and kills most people
each year is malaria. For the year 2015, the World Health
Organization reported 212 million new cases of malaria
and an estimated 429,000 deaths from malaria worldwide.

Mosquitoes are not simply mechanical vectors or mo-
bile fomites. Many pathogens complete stages of their life
cycles within the mosquito or may have to move from the
mosquito’s gut to its salivary glands—which is often why
mosquitoes are not immediately infectious after consuming
a blood meal from the initial infectious host. This complex
relationship helps explain why specific diseases and certain
mosquitoes are linked; malaria and Anopheles spp., Japa-
nese encephalitis and Culex spp., or dengue and Aedes spp.

Bill Gates wrote, “When it comes to killing humans,
no other animal even comes close.” Science writer Jerry
Adler noted in an article, “One species, the Anopheles gam-
biae mosquito, has been called the world’s most danger-
ous animal, although strictly speaking that applies only to
the female of the species, which does the bloodsucking and
harms only indirectly.”

As we consider the facts, let’s shift to fancy for this
month’s cover art, Old Mosquito, by artist, illustrator,
and web designer Alexander Skachkov. Much of his art
belongs to realms of magic, whimsy, and wonder; his
colorful creations often feature a wry sense of humor.
He cites as inspiration the contemporary fantasy art cre-
ated by Scott Gustafson, Paul Bonner, and Jean-Bap-
tiste Monge. Art blogger Lafayette Wattles states that
Skachkov “offers a fascinating mix of nature and human-
ity with neither being quite what we’ve come to expect
in the real world.”

Although Skachkov is not working with bristle brush-
es and a palette of paints, his approach is nonetheless la-
borious and deliberate. Skachkov’s creations, including
this work, typically start with a penciled sketch that forms
the basis of the finished image. He scans that drawing
into Photoshop, with which he employs a range of tools,
filters, layers, and effects to manipulate the textures,
tones, and colors.
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In this clever image, Skachkov depicts a tired older
mosquito heading home after a long night of collecting
blood. The bare branches and grayish fog of morning
suggest that summer is past and the old mosquito is ap-
proaching the end of his days in the end of the year. The
bright red blood contained in the mosquito’s jug, his red
hat and legs, and, of course, his blood-tipped proboscis
tinged from its hematophagous endeavors, contrasts with
the morning gloom.

Entomologists will be quick to point out that the depic-
tion is scientifically inaccurate because male mosquitoes do
not ingest blood. Mosquitoes also do not wear shoes and
cute hats (so we hope any entomologists reading this es-
say will allow the illustrator to exercise artistic license).
Skachkov has depicted this recent blood collection not just
as the mosquito’s prized possession, but also as his bur-
den. The mosquito is bowed with the weight of the bottle
strapped on his back. Supported by a cane, he trudges along
collecting blood in exchange for an itchy welt or worse—
an infectious microorganism that can cause illness, dis-
ability, and death for its new host. His resigned expression
suggests that our mosquito must be aware of the grim con-
sequences of his actions but has no choice regarding his
role in the world. With few friends and not much to smile
about, this older mosquito will continue on his appointed
rounds for as long as he can bear it.
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Upcoming Issue

¢ Bioinformatic Analyses of Whole-Genome Sequence Data in a Public Health
Laboratory

¢ Real-Time Whole-Genome Sequencing for Surveillance of Listeria
monocytogenes, France

e Prevalence of Yersinia enterocolitica Bioserotype 3/0:3 in Children with
Diarrhea, China

e Convergence of Humans, Bats, Trees, and Culture in Nipah Virus Transmission,
Bangladesh

¢ Estimated Annual Numbers of Foodborne Pathogen—Associated llinesses,
Hospitalizations, and Deaths, France, 2008-2013

¢ Epidemiology of Salmonella enterica Serotype Dublin Infections among
Humans, United States, 1968-2013

¢ Phylogeographic Analysis of Rabies Virus Incursions across
US/Canada Border

¢ The Role of Food Insecurity in an Outbreak of Anthrax among Humans and
Hippopotamuses Living in a Game Reserve Area, Rural Zambia

e Patterns of Human Plague in Uganda, 2008-2016
e Group A Rotavirus Associated with Encephalitis in Red Fox

e Cost of Nosocomial Outbreak Caused by NDM-1-Containing Klebsiella
pneumoniae in the Netherlands, 2015-2016

¢ Imported Infections with Mansonella perstans Nematodes, Italy
e Microcephaly Caused by Lymphocytic Choriomeningitis Virus

¢ Epidemiology of Neisseria gonorrhoeae Gyrase A Genotype, Los Angeles,
California, USA

e Emergence of Plasmid-Mediated Fosfomycin Resistance Genes among
Escherichia coli Isolates, France

e Evaluation of 5 Commercially Available Zika Virus Immunoassays
e Identification of Clade E Avipoxvirus, Mozambique, Africa, 2016

e Carbapenemase-Producing Enterobacteriaceae and Nonfermentative Bacteria,
the Philippines, 2013-2016

e A New Bat-HKU2-like Coronavirus in Swine, China,

Complete list of articles in the September issue at
http://www.cdc.gov/eid/upcoming.htm

Upcoming Infectious
Disease Activities

October 1-3, 2017
Emerging and Re-emerging
Viruses Symposia
Arlington, VA, USA
http://cell-symposia.com/
emerging-viruses-2017/

October 3-7, 2017

ID Week

San Diego, CA, USA
http://www.idweek.org/

November 5-9, 2017

ASTMH

American Society for Tropical
Medicine and Hygiene

66th Annual Meeting

The Baltimore Convention Center
Baltimore, MD, USA
http://www.astmh.org/

December 5-8, 2017

6th National Congress of Tropical
Medicine and International Symposium on
HIV/aids Infection

9th National Congress of Microbiology and
Parasitology

80th Anniversary of the Institute of Tropical
Medicine Pedro Kouri

Havana, Cuba
http://microbiologia2017.sld.cu/
index.php/microbiologia/2017

Feb. 1-3, 2018

8th Advances in Aspergillosis
Lisboa Congress Centre
Lisbon, Portugal
www.AAA2018.org

March 1-4, 2018

18th International Congress
on Infectious Diseases (ICID)
Buenos Aires, Argentina
http://www.isid.org/icid/

August 26-28, 2018

ICEID

International Conference on
Emerging Infectious Diseases
Atlanta, GA, USA

Announcements

To submit an announcement, send an
email message to the EID Editor
(eideditor@cdc.gov). Include the date of
the event, the location, the sponsoring
organization(s), and a website that readers
may visit or a telephone number or email
address that readers may contact for
more information.

Announcements may be posted on the
journal Web page only, depending on the
event date.

1438

Emerging Infectious Diseases ¢ www.cdc.gov/eid ¢ Vol. 23, No. 8, August 2017




Earning CME Credit

To obtain credit, you should first read the journal article. After reading the article, you should be able to an-
swer the following, related, multiple-choice questions. To complete the questions (with a minimum 75% passing
score) and earn continuing medical education (CME) credit, please go to http://www.medscape.org/journal/eid.
Credit cannot be obtained for tests completed on paper, although you may use the worksheet below to keep a
record of your answers.

You must be a registered user on http://www.medscape.org. If you are not registered on http://www.med-
scape.org, please click on the “Register” link on the right-hand side of the website.

Only one answer is correct for each question. Once you successfully answer all post-test questions, you will
be able to view and/or print your certificate. For questions regarding this activity, contact the accredited provider,
CME@medscape.net. For technical assistance, contact CME@medscape.net. American Medical Association’s
Physician’s Recognition Award (AMA PRA) credits are accepted in the US as evidence of participation in CME
activities. For further information on this award, please go to https://www.ama-assn.org. The AMA has determined
that physicians not licensed in the US who participate in this CME activity are eligible for AMA PRA Category 1
Credits™. Through agreements that the AMA has made with agencies in some countries, AMA PRA credit may
be acceptable as evidence of participation in CME activities. If you are not licensed in the US, please complete
the questions online, print the AMA PRA CME credit certificate, and present it to your national medical associa-
tion for review.

Article Title
Bartonella quintana, an Unrecognized Cause

of Infective Endocarditis in Children in Ethiopia

CME Questions

1. You are called to evaluate a 12-year-old boy for 3. You review the patient's initial history and physical
suspected endocarditis. Blood cultures are negative examination. Which one of the following options lists
after 1 day, and you are concerned regarding the the symptoms most commonly encountered at the
possibility of blood culture—negative endocarditis. children's presentation in the current study?

Which one of the following statements regarding

. - A. Orthopnea and weakness
Bartonella quintana is most accurate? P

B. Fever

A. ltis historically linked to "trench fever" C. Pruritus and excoriations

B. Its most significant host is the rat D. Mental status changes

C. ltis not associated with fever in cases of endocarditis . . .

D. Bartonella spp. usually result in endocarditis of the 4. Which one of the following signs was noted

mitral valve among children with B. quintana endocarditis in the

current study?

2. You see that the patient recently emigrated from A. Normal erythrocyte sedimentation rate

another country. What was the country of origin of B. Markedly elevated C-reactive protein

all chi‘Idren in the current case series of endocarditis C.. Infection of the mitral valve

resulting from B. quintana? D. Large valvular vegetations

A. Nigeria

B. Egypt

C. Jordan

D. Ethiopia
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Earning CME Credit

To obtain credit, you should first read the journal article. After reading the article, you should be able to an-
swer the following, related, multiple-choice questions. To complete the questions (with a minimum 75% passing
score) and earn continuing medical education (CME) credit, please go to http://www.medscape.org/journal/eid.
Credit cannot be obtained for tests completed on paper, although you may use the worksheet below to keep a
record of your answers.

You must be a registered user on http://www.medscape.org. If you are not registered on http://www.med-
scape.org, please click on the “Register” link on the right-hand side of the website.

Only one answer is correct for each question. Once you successfully answer all post-test questions, you will
be able to view and/or print your certificate. For questions regarding this activity, contact the accredited provider,
CME@medscape.net. For technical assistance, contact CME@medscape.net. American Medical Association’s
Physician’s Recognition Award (AMA PRA) credits are accepted in the US as evidence of participation in CME
activities. For further information on this award, please go to https://www.ama-assn.org. The AMA has determined
that physicians not licensed in the US who participate in this CME activity are eligible for AMA PRA Category 1
Credits™. Through agreements that the AMA has made with agencies in some countries, AMA PRA credit may
be acceptable as evidence of participation in CME activities. If you are not licensed in the US, please complete
the questions online, print the AMA PRA CME credit certificate, and present it to your national medical associa-
tion for review.

Article Title
Human Metapneumovirus and Other Respiratory
Viral Infections during Pregnancy and Birth, Nepal

CME Questions

1. You are advising a prenatal clinic in Nepal
regarding human metapneumovirus (hMPV) infection
during pregnancy. According to the surveillance study
in Nepal by Lenahan and colleagues, which one of

the following statements about incidence of and risk
factors for hMPV infection during pregnancy and up to
6 months postpartum is correct?

A. Overall incidence of hMPV was 5.4 cases/1000
person-years

B. Overall incidence of hMPV was half that of respiratory
syncytial virus in the same cohort during the
same period

C. Incidence peaked at 71.9 cases/1000 person-years
during the hMPV season, from September 2011
through January 2012

D. Higher median household density was a significant
risk factor for hMPV infection

2. According to the surveillance study in Nepal by
Lenahan and colleagues, which one of the following
statements about clinical presentation and symptoms
of hMPV infection among pregnant women with fever
testing positive for hMPV is correct?

1440

A. The most common symptom was cough (67.3%),
followed by rhinorrhea/nasal congestion (58.2%) and
myalgia (56.4%)

B. Median duration of symptoms was 2 weeks

C. Mortality rate was 15%

D. Viral coinfections were uncommon

3. According to the surveillance study in Nepal by

Lenahan and colleagues, which one of the following
statements about birth outcomes associated with
hMPV infection during pregnancy is correct?

A. Median gestational age of infants born to
mothers with hMPV infection was significantly
less than that of those born to mothers without
hMPV infection

B. Among pregnant women with hMPV, 26.3% of their
infants with known birthweights were low birthweight
vs 24.8% among noninfected women

C. Among women with hMPV postpartum, 12% had
infants who had hMPV within a month of their
mother's illness

D. Preterm births occurred in one quarter of pregnant
women infected with hMPV
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Emerging Infectious DiseaseSisa peer-reviewed journal established expressly to promote the recognition of new and
reemerging infectious diseases around the world and improve the understanding of factors involved in disease emergence, prevention, and elimination.

The journal is intended for professionals in infectious diseases and related sciences. We welcome contributions from infectious disease specialists in
academia, industry, clinical practice, and public health, as well as from specialists in economics, social sciences, and other disciplines. Manuscripts in all
categories should explain the contents in public health terms. For information on manuscript categories and suitability of proposed articles, see below and

visit http://wwwnc.cdc.gov/eid/pages/author-resource-center.htm.

Summary of Authors’ Instructions

Author’s Instructions. For a complete list of EID’s manuscript guidelines, see the
author resource page: http://wwwnc.cdc.gov/eid/page/author-resource-center.

Manuscript Submission. To submit a manuscript, access Manuscript Central from
the Emerging Infectious Diseases web page (www.cdc.gov/eid). Include a cover letter
indicating the proposed category of the article (e.g., Research, Dispatch), verifying the
word and reference counts, and confirming that the final manuscript has been seen and
approved by all authors. Complete provided Authors Checklist.

Manuscript Preparation. For word processing, use MS Word. Set the document
to show continuous line numbers. List the following information in this order: title page,
article summary line, keywords, abstract, text, acknowledgments, biographical sketch,
references, tables, and figure legends. Appendix materials and figures should be in
separate files.

Title Page. Give complete information about each author (i.e., full name, graduate
degree(s), affiliation, and the name of the institution in which the work was done). Clearly
identify the corresponding author and provide that author’s mailing address (include phone
number, fax number, and email address). Include separate word counts for abstract and text.

Keywords. Use terms as listed in the National Library of Medicine Medical
Subject Headings index (www.ncbi.nim.nih.gov/mesh).

Text. Double-space everything, including the title page, abstract, references, tables,
and figure legends. Indent paragraphs; leave no extra space between paragraphs. After
a period, leave only one space before beginning the next sentence. Use 12-point Times
New Roman font and format with ragged right margins (left align). Italicize (rather than
underline) scientific names when needed.

Biographical Sketch. Include a short biographical sketch of the first author—both
authors if only two. Include affiliations and the author’s primary research interests.

References. Follow Uniform Requirements (www.icmje.org/index.html). Do not
use endnotes for references. Place reference numbers in parentheses, not super-
scripts. Number citations in order of appearance (including in text, figures, and tables).
Cite personal communications, unpublished data, and manuscripts in preparation or
submitted for publication in parentheses in text. Consult List of Journals Indexed in
Index Medicus for accepted journal abbreviations; if a journal is not listed, spell out
the journal title. List the first six authors followed by “et al.” Do not cite references in
the abstract.

Tables. Provide tables within the manuscript file, not as separate files. Use the MS
Word table tool, no columns, tabs, spaces, or other programs. Footnote any use of bold-
face. Tables should be no wider than 17 cm. Condense or divide larger tables. Extensive
tables may be made available online only.

Figures. Submit editable figures as separate files (e.g., Microsoft Excel, PowerPoint).
Photographs should be submitted as high-resolution (600 dpi) .tif or .jpeg files. Do not em-
bed figures in the manuscript file. Use Arial 10 pt. or 12 pt. font for lettering so that figures,
symbols, lettering, and numbering can remain legible when reduced to print size. Place fig-
ure keys within the figure. Figure legends should be placed at the end of the manuscript file.

Videos. Submit as AVI, MOV, MPG, MPEG, or WMV. Videos should not exceed 5
minutes and should include an audio description and complete captioning. If audio is
not available, provide a description of the action in the video as a separate Word file.
Published or copyrighted material (e.g., music) is discouraged and must be accompanied
by written release. If video is part of a manuscript, files must be uploaded with manu-
script submission. When uploading, choose “Video” file. Include a brief video legend in
the manuscript file.

Types of Articles

Perspectives. Articles should not exceed 3,500 words and 50 references. Use of
subheadings in the main body of the text is recommended. Photographs and illustra-
tions are encouraged. Provide a short abstract (150 words), 1-sentence summary, and
biographical sketch. Articles should provide insightful analysis and commentary about
new and reemerging infectious diseases and related issues. Perspectives may address
factors known to influence the emergence of diseases, including microbial adaptation and
change, human demographics and behavior, technology and industry, economic devel-
opment and land use, international travel and commerce, and the breakdown of public
health measures.

Synopses. Articles should not exceed 3,500 words in the main body of the text
or include more than 50 references. Use of subheadings in the main body of the
text is recommended. Photographs and illustrations are encouraged. Provide a short
abstract (not to exceed 150 words), a 1-line summary of the conclusions, and a brief

biographical sketch of first author or of both authors if only 2 authors. This section
comprises case series papers and concise reviews of infectious diseases or closely
related topics. Preference is given to reviews of new and emerging diseases; how-
ever, timely updates of other diseases or topics are also welcome. If detailed methods
are included, a separate section on experimental procedures should immediately fol-
low the body of the text.

Research. Articles should not exceed 3,500 words and 50 references. Use of sub-
headings in the main body of the text is recommended. Photographs and illustrations are
encouraged. Provide a short abstract (150 words), 1-sentence summary, and biographical
sketch. Report laboratory and epidemiologic results within a public health perspective.
Explain the value of the research in public health terms and place the findings in a larger
perspective (i.e., “Here is what we found, and here is what the findings mean”).

Policy and Historical Reviews. Articles should not exceed 3,500 words and 50 refer-
ences. Use of subheadings in the main body of the text is recommended. Photographs
and illustrations are encouraged. Provide a short abstract (150 words), 1-sentence sum-
mary, and biographical sketch. Articles in this section include public health policy or his-
torical reports that are based on research and analysis of emerging disease issues.

Dispatches. Articles should be no more than 1,200 words and need not be divided
into sections. If subheadings are used, they should be general, e.g., “The Study” and
“Conclusions.” Provide a brief abstract (50 words); references (not to exceed 15); figures
or illustrations (not to exceed 2); tables (not to exceed 2); and biographical sketch. Dis-
patches are updates on infectious disease trends and research that include descriptions
of new methods for detecting, characterizing, or subtyping new or reemerging pathogens.
Developments in antimicrobial drugs, vaccines, or infectious disease prevention or elimi-
nation programs are appropriate. Case reports are also welcome.

Another Dimension. Thoughtful essays, short stories, or poems on philosophical
issues related to science, medical practice, and human health. Topics may include sci-
ence and the human condition, the unanticipated side of epidemic investigations, or how
people perceive and cope with infection and illness. This section is intended to evoke
compassion for human suffering and to expand the science reader’s literary scope.
Manuscripts are selected for publication as much for their content (the experiences they
describe) as for their literary merit. Include biographical sketch.

Research Letters Reporting Cases, Outbreaks, or Original Research. EID
publishes letters that report cases, outbreaks, or original research as Research Letters.
Authors should provide a short abstract (50-word maximum), references (not to exceed
10), and a short biographical sketch. These letters should not exceed 800 words in the
main body of the text and may include either 1 figure or 1 table. Do not divide Research
Letters into sections.

Letters Commenting on Articles. Letters commenting on articles should contain a
maximum of 300 words and 5 references; they are more likely to be published if submitted
within 4 weeks of the original article’s publication.

Commentaries. Thoughtful discussions (500-1,000 words) of current topics.
Commentaries may contain references (not to exceed 15) but no abstract, figures, or
tables. Include biographical sketch.

Books, Other Media. Reviews (250-500 words) of new books or other media on
emerging disease issues are welcome. Title, author(s), publisher, number of pages, and
other pertinent details should be included.

Conference Summaries. Summaries of emerging infectious disease conference ac-
tivities (500—1,000 words) are published online only. They should be submitted no later
than 6 months after the conference and focus on content rather than process. Provide
illustrations, references, and links to full reports of conference activities.

Online Reports. Reports on consensus group meetings, workshops, and other ac-
tivities in which suggestions for diagnostic, treatment, or reporting methods related to
infectious disease topics are formulated may be published online only. These should not
exceed 3,500 words and should be authored by the group. We do not publish official
guidelines or policy recommendations.

Photo Quiz. The photo quiz (1,200 words) highlights a person who made notable
contributions to public health and medicine. Provide a photo of the subject, a brief clue
to the person’s identity, and five possible answers, followed by an essay describing the
person’s life and his or her significance to public health, science, and infectious disease.

Etymologia. Etymologia (100 words, 5 references). We welcome thoroughly researched
derivations of emerging disease terms. Historical and other context could be included.

Announcements. We welcome brief announcements of timely events of interest to
our readers. Announcements may be posted online only, depending on the event date.
Email to eideditor@cdc.gov.
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