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In recent years haemosporidian infection by protozoa of the genus Plasmodium and
Haemoproteus, has been considered one of the most important factors related to the ex-
tinction and/or population decline of several species of birds worldwide. In Brazil, de-
spite the large avian biodiversity, few studies have been designed to detect this infection,
especially among wild birds in captivity. Thus, the objective of this study was to analyze
the prevalence of Plasmodium spp. and Haemoproteus spp. infection in wild birds in cap-
tivity in the Atlantic Forest of southeastern Brazil using microscopy and the polymerase
chain reaction. Blood samples of 119 different species of birds kept in captivity at IBAMA
during the period of July 2011 to July 2012 were collected. The parasite density was deter-
mined based only on readings of blood smears by light microscopy. The mean prevalence
of Plasmodium spp. and Haemoproteus spp. infection obtained through the microscopic
examination of blood smears and PCR were similar (83.19% and 81.3%, respectively),
with Caracara plancus and Saltator similis being the most parasitized. The mean parasite-
mia determined by the microscopic counting of evolutionary forms of Plasmodium spp.
and Haemoproteus spp. was 1.51%. The results obtained from this study reinforce the
importance of the handling of captive birds, especially when they will be reintroduced
into the wild.

INDEX TERMS: Avian malaria, Haemosporida, Plasmodium spp., Haemoproteus spp., wild birds, PCR,
light microscopy.
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RESUMO.- [Infec¢do por Plasmodium spp. e Haemopro-
teus spp. em aves da Mata Atlantica brasileira detecta-
da por microscopia e reagdo em cadeia da polimerase.]
Nos ultimos anos infec¢do por protozoarios hemospori-
deos dos géneros Plasmodium e Haemoproteus, tem sido
considerada um dos fatores mais importantes relaciona-
dos com a extin¢do e / ou declinio da populagio de varias
espécies de aves em todo o mundo. No Brasil, apesar da
grande biodiversidade aviaria, poucos estudos foram de-
senvolvidos para detectar a infeccdo, especialmente entre
as aves silvestres mantidas em cativeiro. Assim, o objeti-
vo deste estudo foi analisar a prevaléncia de infecgdo por
Plasmodium spp. e Haemoproteus spp. em aves silvestres
em cativeiro na Mata Atlantica do sudeste do Brasil, utili-
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zando microscopia convencional e reacdo em cadeia da
polimerase. Amostras de sangue de 119 aves mantidas em
cativeiro no Ibama durante o periodo de julho de 2011 a
julho de 2012, foram coletadas. A densidade parasitaria foi
determinada com base apenas em leituras de esfregacos de
sangue por microscopia foténica. A prevaléncia média de
infeccdo por Plasmodium spp. e Haemoproteus spp. obtida
por exame microscépico de esfregacos sanguineos e PCR
foi semelhante (83,19% e 81,3%, respectivamente), com
Caracara plancus e Saltator similis sendo as espécies mais
parasitadas. A parasitemia média determinada pela con-
tagem microscopica de formas evolutivas de Plasmodium
spp. e Haemoproteus spp. foi de 1,51%. Os resultados ob-
tidos neste estudo reforcam a importancia do manejo de
aves em cativeiro, especialmente quando serdo reintrodu-
zidas na natureza.

TERMOS DE INDEXACAOQ: Maldria aviaria, Haemosporida, Plasmo-
dium spp., Haemoproteus spp., aves silvestres, PCR, microscopia.

INTRODUCTION

Haemosporidian protozoa of the genus Plasmodium Mar-
chiafava et Celli, 1885 and Haemoproteus Kruse, 1890 have
a broad geographic distribution and a diversity of vectors,
and have been described throughout the world as parasiti-
zing several hosts, including birds, mammals and reptiles
(Garnham 1966, Valkitinas 2005). In birds, these parasites,
has been described as a potential cause of extinction and
population decline (van Riper III et al. 1986, Atkinson et
al. 1995, 2000, Massey et al. 1996), reducing the fitness of
their hosts (Lefévre et al. 2008) and may sometimes lead to
death (Donovan et al. 2008, Cannell et al. 2013). Severe in-
fections by haemosporidian can lead to death and involves
different physiopathological phenomena such as anemia,
thrombocytopenia and inflammation (Macchi et al. 2013,
Cannell et al. 2013).

In Brazil, some studies have investigated the occurren-
ce of parasitism by Plasmodium spp. and Haemoproteus
spp. in wild birds in areas with different ecological cha-
racteristics and very different conservation (Bennett and
Lopes 1980, Woodworth-Lynas et al. 1989, Ribeiro et al.
2005, Fecchio et al. 2007, 2011, 2013, Belo et al. 2009,
2011, Buenoetal. 2010, Limaetal. 2010, Sebaio etal. 2010,
Andery et al. 2013, Chagas et al. 2013, Lacorte et al. 2013,
Silveira et al. 2013, Vanstreels et al. 2014). However, little
is known about the diversity of hemoparasites of birds in
the Atlantic Forest of Southeastern Brazil. Moreover, few
studies have been conducted to investigate the prevalen-
ce of haemosporidian in captive birds. Clark et al. (2014)
highlight the importance of studies with haemosporidian
in South America, since it is the region with the greatest
diversity of lineages described for these hemoparasites,
mainly of the genus Plasmodium. And considering that Bra-
zil is a country with a valuable avian biodiversity, which
leads to a large number of annual arrests for domestic and
international bird trafficking, it is extremely important to
know the variety and intensity of parasitic infections that
such animals can present, as many tend to be reintroduced
into the wild.
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In birds, the detection and identification of haemospo-
ridian species may occur via the morphology and morpho-
metry of erythrocyte stages, including the length, width,
area, size and number of hemozoin granules (Garnham
1966, Valkiuinas 2005) and through the amplification
and sequencing of DNA (Bensch et al. 2000, 2009, Rickle-
fs & Fallon 2002, Hellgren et al. 2004, Waldenstrom et al.
2004, Martinsen et al. 2006, 2008, Palinauskas 2009, 2011,
20134, Valkitnas et al. 2010, 2013, 2014). Some studies
have shown that both methods can have similar sensitivi-
ties for detection of these hemoparasites (Perkins & Schall
2002, Krizanauskiené et al. 2006, 2010, Hellgren et al.
2007, Palinauskas et al. 2007, Valkiunas et al. 2008, 2009a,
2014, Braga etal. 2011).

This study aimed at analyzing the prevalence and para-
site density of Plasmodium spp. and Haemoproteus spp. in
wild birds in captivity in the Atlantic Forest of Southeastern
Brazil using microscopic and molecular analyses.

MATERIALS AND METHODS

Blood collection and handling of the birds. The study was
conducted in a Brazilian federal environmental agency, the Natio-
nal Institute for the Environment and Renewable Natural Resour-
ces (IBAMA), where birds are received the population or are sei-
zed from illegal captivity. The study was approved by the Animal
Experimentation Ethics Committee of Juiz de Fora Federal Univer-
sity (protocol n® 027/2011) and the System for Authorization and
Information on Biodiversity (SISBIO). The birds sampled for this
study were maintained with birds of the same species or different
species. No information on the time spent in captivity, retrospec-
tive of the study, was available. Furthermore, no parasitological
examination was conducted to investigate the general health of
the birds at the exact moment they were seized. No clinical signs
and physical appearance of the birds were examined.

Preparation of smears and morphological analysis. For the
observation of blood hemoparasites, samples were collected from
119 birds between July 2011 and July 2012. The volume of blood
collected was 50pL (mean), not exceeding 1% of the live weight
of the animal, as recommended by SISBIO, Campbell (1995) and
Clark et al. (2009). The blood was collected by puncture of the
brachial vein and was used for the preparation of blood smears
and/or for PCR testing.

To calculate the prevalence of infection, parasitemia counting,
identification and morphological characterization of hemopara-
sites from four blood smears were performed at the site collec-
tion according to Valkiiinas (2005). These smears were air dried
and were fixed in methanol P.A. for 3 min and stained with Gie-
msa stain, diluted in distilled water (1:9), for 45min. The sme-
ars were examined under a light microscope (Olympus BX-51) at
1000x. A smear was examined for each bird, with one hundred
microscopic fields of examination performed. However, when no
parasite was observed, another smear was examined to confirm
the result. The number of evolutive forms of Plasmodium spp. or
Haemoproteus spp. found in each smear was recorded. The pre-
valence was calculated according to Bush et al. (1997), and para-
sitemia was calculated for each bird as proposed by Godfrey et
al. (1987).

DNA extraction and molecular analysis. Of the 119 bir-
ds captured, venous blood was collected for molecular analysis
from 80. After collection, the blood was immediately packed into
1.5mL microtubes without anticoagulant, as suggested by SISBIO
and Khosravinia & Ramesha (2007). Blood samples were placed
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on ice, followed by storage at -20°C until DNA extraction. The Wi-
zard® Genomic DNA Purification Kit (Promega MA, USA) was used
for DNA extraction as described by the manufacturer.

For the amplification of the cytochrome b gene (cyt b) by poly-
merase chain reaction (PCR), the following primers were used: PF
(5’-GGA TTT GTG GTG GAT ATC TTG-3’) and 4292Rw (5’-TGG AAC
AAT ATG TAR AGG AGT-3’), as proposed by Merino et al. (2008).
These primers will amplify the genus Plasmodium and Haemopro-
teus, which was shown by Martinez et al. (2009). This primer set
amplifies a 320 bp fragment. The PCR consisted of a final volume
of 25pL containing, 12.5uL of Go Taq® Green Master Mix (Prome-
ga, MA, USA), 1.64uL of each primer at 10uM concentration and
2pL of genomic DNA. As a positive control, a DNA sample from
Plasmodium juxtanucleare Versiani et Gomes, 1941 obtained in
a study of experimental infection in Gallus gallus Linnaeus, 1758
was used. For a negative control, was used the Master Mix Kit but
substituted ultrapure water for the DNA. The negative control also
allowed the monitoring of contamination. The reactions were car-
ried out in a thermocycler TECHNE TC 412 (Analitica®) with the
following conditions according by Merino et al. (2008): denatura-
tion at 94°C for 10 minutes, 40 cycles of amplification at 95°C for
40 seconds, 58°C for 1 minute and 72°C for 1 minute and a final
extension 72°C for 10 minutes. At least 20% of the samples were
randomly selected, and the amplification reaction was repeated to
ensure the reproducibility of the technique.

All PCR products were subjected to electrophoresis through
a 1.5% agarose gel (Invitrogen®) with 2.5uL of Loading Dye Blue
Green | (LGC Biotechnology®) for visualization of the amplified
fragment. To determine the size of the fragment 10uL of 100 bp

Fig.1. Evolutive forms of haemosporidian in Giemsa-stained blood smears from wild bids at IBAMA, Minas

DNA ladder (Promega®) was used. The gels were visualized and
photographed under ultraviolet light using a GE Healthcare® UV
transilluminator.

RESULTS

Fourteen families and 36 species of birds were identified
among the 119 birds captured (Table 1). The species with
the highest number of sampled individuals were Saltator
similis d’Orbigny & Lafresnaye, 1837 (n=37; 31%) and Psit-
tacara leucophthalmus (Statius Muller, 1776) (n=20; 17%)
(Table 1). By the microscopic examination of blood smears,
99 of the 119 birds were found to be infected with evolutive
forms of Plasmodium spp. or Haemoproteus spp., with an
overall prevalence of 83.19% (Fig.1). The mean parasite-
mia recorded was 1.51% (#+3.25). The birds species with
a higher mean parasitemia were Caracara plancus Miller,
1777 (3.49% =3.46), followed by Saltator similis (3.01%
+5.04) (Table 1).

Few developmental forms were found in the examined
smears; most were trophozoites or young gametocytes of
Haemoproteus spp. Thus, it was not possible to identify the
species of infecting Plasmodium and Haemoproteus based
on the morphological characteristics of schizonts or game-
tocytes (Fig.1).

Among the 80 birds analyzed by PCR, 66 were positive
for Plasmodium spp. and Haemoproteus spp., with a preva-

Gerais, Brazil. The arrows show in (A) trophozoite of Plasmodium sp., in (B) and in (C) schizonts of Plasmo-
dium sp., and (D) young gametocyte of Haemoproteus sp. 1000x, bar = 5pm.
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Table 1. Prevalence and parasite density of Plasmodium spp. and Haemoproteus spp. in species of wild birds in
the Atlantic Forest of Minas Gerais, Brazil, as determined by blood smear and PCR analyzes

Birds family

n° birds examined n° birds infected Mean parasitemia n° birds examined n° birds infected

and species in microscopy in microscopy  in microscopy (%) in PCR in PCR

Accipitridae

Rupornis magnirostris (Gmelin, 1788) 3 3 0.21 3 2
Falconidae

Caracara plancus (Miller, 1777) 7 7 3.49 6 5

Falco sparverius Linnaeus, 1758 1 0 0 0 0
Columbidae

Columbina talpacoti (Temminck, 1811) 1 1 0.58 1 0
Psittacidae

Ara ararauna (Linnaeus, 1758) 1 0 0 1 1

Ara chloropterus Gray, 1859 1 1 0.49 1 1

Primolius maracana (Vieillot, 1816) 4 2 0.35 1 0

Psittacara leucophthalmus 20 18 1.34 18 16

(Statius Muller, 1776)

Eupsittula aurea (Gmelin, 1788) 3 3 0.56 3 2

Pionus maximiliani (Kuhl, 1820) 2 1 0.33 2 1

Amazona vinacea (Kuhl, 1820) 1 1 0.19 1 1

Amazona amazonica (Linnaeus, 1766) 2 1 0.84 1 1

Amazona aestiva (Linnaeus, 1758) 2 2 0.11 0 0
Strigidae

Strix virgata (Cassin, 1849) 1 0 0 0 0

Athene cunicularia (Molina, 1782) 1 1 0.09 1 1

Asio stygius (Wagler, 1832) 2 0 0 2 2
Ramphastidae

Ramphastos toco Statius Muller, 1776 5 4 0.09 3 2

Pteroglossus aracari (Linnaeus, 1758) 1 1 0.84 0 0
Picidae

Colaptes campestris (Vieillot, 1818) 1 1 0.05 0 0
Tyrannidae

Pitangus sulphuratus (Linnaeus, 1766) 2 1 0.66 1 0
Turdidae

Turdus rufiventris Vieillot, 1818 2 2 0.49 2 2
Mimidae

Mimus saturninus (Lichtenstein, 1823) 1 1 0.09 0 0
Thraupidae

Saltator fuliginosus (Daudin, 1800) 1 1 0.3 1 0

Saltator similis d'Orbigny 37 34 3.01 24 21

& Lafresnaye, 1837

Ramphocelus bresilius (Linnaeus, 1766) 1 1 0.07 0 0

Lanio pileatus (Wied, 1821) 2 2 0.17 1 1

Paroaria dominicana (Linnaeus, 1758) 1 1 0.8 0 0

Tangara sayaca (Linnaeus, 1766) 1 1 0.02 0 0

Tangara palmarum (Wied, 1823) 1 1 0.65 1 1

Schistochlamys ruficapillus 1 0 0 0 0

(Vieillot, 1817)
Emberizidae

Zonotrichia capensis 2 1 0 2 2

(Statius Muller, 1776)

Sicalis flaveola (Linnaeus, 1766) 2 1 0 1 0
Cardinalidae

Cyanoloxia brissonii (Lichtenstein, 1823) 2 2 2.02 2 2
Icteridae

Icterus jamacaii (Gmelin, 1788) 1 1 0.1 0 0

Gnorimopsar chopi (Vieillot, 1819) 2 1 0.04 0 0

Chrysomus ruficapillus (Vieillot, 1819) 1 1 0.1 1 1
OVERALL 119 99 (83.19%) 1.51 (* 3.25) 80 65 (81.3%)

lence of 81.3%. Although 12.5% (n = 10) were positive by
microscopy and negative by PCR, and 5% (n=4) were nega-
tive by both diagnostic techniques (Table 1).

The parasitized birds were distributed among 12 fa-
milies and 24 species. Among the bird species analyzed,
Columbina talpacoti Temminck 1811, Primolius maracana
Vieillot, 1816, Pitangus sulphuratus Linnaeus, 1766, Salta-
tor fuliginosus Daudin, 1800 and Sicalis flaveola Linnaeus,
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1766 not were parasitized by Plasmodium spp. and Haemo-
proteus spp. (Table 1).

The reproducibility of the PCR method was confirmed
by repeating the amplification of 20% of the samples.

DISCUSSION
The prevalence of haemosporidians observed in this study
(83.19% by microscopy and 81.3% by PCR) can be consi-
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dered high when compared to other studies conducted in
Brazil such as Ribeiro et al. (2005) with 39.6%, Fecchio
et al. (2007, 2011, 2013) with 6.9%, 10.7% and 21% res-
pectively, Belo et al. (2009) with 36% in psittacine birds
kept in captivity, Lima et al. (2010) with 6.1%, Sebaio et al.
(2010) with 15.8%, Belo et al. (2011) with 46% studying
birds of cerrado habitat of Brazil, Andery et al. (2013) with
13.5% studying birds of prey kept in captivity, Lacorte et al.
(2013) with 35.3% in birds of Southeast Brazil and Vans-
treels et al. (2014) with 64%. Among the studies conduc-
ted in Brazil, the present records the highest prevalence of
Plasmodium spp. and Haemoproteus spp. in Brazilian wild
birds in captivity.

The high prevalence of haemosporidian found in the
present study may be related to the captive conditions,
whereby the birds are kept in close proximity, which does
not reflect the natural conditions of many species. Captivity
may facilitate the exposure of birds to malaria vectors, in-
cluding blood-sucking dipterous insects of the family Culi-
cidae, which are common in tropical regions and disturbed
areas (Valkitinas 2005). These insects are also found near
cage ponds, which can serve as breeding grounds for disea-
se-transmitting insects.

White et al. (1978) suggested that the great diversity of
neotropical birds, coupled with the large number of ende-
mic species, could offer a great potential for high prevalen-
ce of bird hematozoa in relation to the Nearctic. Infection
with Plasmodium spp. can have a strong negative impact on
the host, especially when a bird species is exposed to the
parasite for the first time (van Riper Il et al. 1986) or when
birds are exposed to Plasmodium species that are not found
in their natural environment. For example, the mortality
of penguins, Spheniscus magellanicus Forster, 1781, with
malarial infection caused by Plasmodium relictum Grassi et
Feletti, 1891 at a zoo in Brazil was high (Bueno et al. 2010).
Another example is the extinction of native birds in Hawaii
due to the introduction of a new species of Plasmodium
(Atkinson et al. 2000, Bensch et al. 2000). These findings
confirm the risk that captive birds can represent to birds
living free in nature because many are reintroduced into
local preserve and can therefore expose different species to
parasites acquired in captivity.

According to Ribeiro et al. (2005), the prevalence of in-
fection should be related to the biological and behavioral
characteristics of the host, such as the kind type of nest,
as an open nest can expose the bird to more vectors than a
closed nest. In addition, the participation of birds in flocks
with other species, sex, age and feeding behavior can alter
the possibility of contact with vectors and physiological
changes that can make the bird more susceptible to hemo-
parasites. In captivity, the biological and behavioral charac-
teristics of birds can be modified, and these conditions may
be different from the natural, in which many birds do not as-
semble in flocks. Fecchio et al. (2011) showed the influence
of the socialization of birds from the Brazilian Cerrado on
the prevalence of hemoparasites, reporting a significant di-
fference between birds living in groups and solitary birds,
with a higher prevalence of haemosporidians in the social
birds. These authors also observed a higher prevalence in

birds living in captivity, which may explain the high preva-
lence found in this study, because the birds examined were
from illegal captivity.

The mean total parasitemia found (1.51%) can be consi-
dered low when compared with other studies. Ribeiro et al.
(2005), for example, found an average of 2.3% parasitemia.
This variable can be directly related to the pathogenicity
of the infection, which in most cases is subclinical, and the
appearance of clinical signs may be related to acute infec-
tions, with a significant increase in parasitemia (Atkinson
et al. 1995). Parasitemia may be influenced by several fac-
tors such as the immunity of the bird, the stage of infec-
tion and the time in which it is established, the species of
parasite and host, the sex and age of the host and intrinsic
host characteristics such as the presence of sex hormones
(Remple 2004, Valkitinas 2005).

Although some studies such as those of Richard et al.
(2002), Waldenstrom et al. (2004) and Garamszegi (2010)
show the sensitivity of molecular analyses, PCR can mask
the presence of more than one parasite in the blood, par-
ticularly in birds with low parasitemia, as in some cases of
co-infections, reinforcing the need to also perform a mi-
croscopic examination (Jarvi et al. 2002, Valkitinas et al.
2006, 2009b, Martinez et al. 2009, Zehtindjiev et al. 2011).
In the study by Valkitnas et al. (2009a), microscopic exa-
mination was more sensitive than PCR for the detection of
co-infections. However, as in the present study, the overall
mean prevalence was similar between the two methods
(83.19% by microscopy and 81.3% by PCR). In Europe,
Krone et al. (2008), studying Falconiformes in captivity,
and Krizanauskiené et al. (2006), studying wild passerines,
assessed the prevalence of haemosporidian by microsco-
py and PCR for of cyt b gene amplification and found that
the results were similar when comparing the two metho-
ds of diagnosis. Other authors have also highlighted the
prevalence of infection congruence between molecular
and morphological analyses (Perkins and Schall 2002,
Krizanauskiené et al. 2006, 2010, Hellgren et al. 2007, Pa-
linauskas et al. 2007, Valkitunas et al. 2008, 2009a, 2014,
Braga etal. 2011).

It is important to emphasize that, in most cases, the
identification of haemosporidian species occurs through
features observed by microscopy, such as the erythrocytic
stages, including the length, width, area, size and number of
hemozoin granules (Garnham 1966, Valkitinas 2005, Mar-
tinsen et al. 2006). Therefore, this technique is still of great
importance for the diagnosis of haemosporidian and should
continue to be used together with molecular analyses.

Regarding the blood samples positive by microscopy
but with no PCR amplification (12.5%), it should be con-
sidered that the total amount of DNA extracted from blood
is greater for birds than mammals due to erythrocyte nu-
cleus, whereby the large amount of DNA can inhibit PCR,
resulting in false negatives (Palinauskas et al., 2013b). Pre-
vious studies have reported similar false negatives using
PCR-based methodology (Richard et al. 2002, Beadell et
al. 2004, Valkitinas et al. 2006, Cannell et al. 2013). This
outcome may also be the result of degradation of the DNA
sample over time or failure during DNA extraction (Ribeiro
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et al. 2005, Cannell et al. 2013). Additionally, the possibi-
lity of new species of Plasmodium tests with primers that
amplify regions of different genes is necessary because a
single gene can be insufficient for diagnosis. For example,
Zehtindjiev et al. (2012) described the species Plasmodium
polymorphum in blood smears and used the cytochrome b
gene but did not obtain PCR products, further emphasizing
the importance of the use of microscopy with molecular
biology.

CONCLUSION

The results may be of concern because different studies
have revealed that hemoparasites can cause important chan-
ges in infected birds, even leading to death. Furthermore,
these parasites may be related to the conservation of these
animals (Derraik et al. 2008).

Haemosporidian infections can put captive birds at risk
immediately or over the long term, which may justify the
need for altering the management practices of birds targeted
for reintroduction.

Infection with Plasmodium spp. and Haemoproteus spp.
can be influenced by three factors: the presence of an ap-
propriate vector, presence of a host bird and immune status
of the host (Esparza et al. 2004).

It becomes important to pay attention to these condi-
tions in the transfer of domestic and wild birds to other lo-
cations to prevent outbreaks of disease (Valkitinas 2005).

It is necessary to recognize that hemoparasites are im-
portant etiologic agents and that more attention should be
given to infections that can be transmitted in captivity and
transferred to the natural habitat after reintroduction.
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