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Abstract. A caseous lesion was recorded for the first time in a captive longsnout seahorse
(Hippocampus reidi Ginsburg, 1933). The infection was caused by Enterobacter aerogenes and
a secondary infection by Klebsiella pneumoniae caused the animal’s death.
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Tratamento de infeccao caseosa causada por Enterobacter aerogenes (Enterobacteriaceae)
no cavalo-marinho-de-focinho-longo, Hippocampus reidi (Actinopterygii, Syngnathidae) de
cativeiro. Resumo: Uma lesdo caseosa foi registrada pela primeira vez no cavalo-marinho do
focinho longo em cativeiro (Hippocampus reidi Ginsburg, 1933). A infeccdo foi causada por
Enterobacter aerogenes e o animal foi a 6bito devido a uma infeccdo secundaria por Klebsiella

pneumoniae.
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Introduction

The bacteria of the family Enterobacteriaceae
have a worldwide distribution and can be found in a
range of different environments and niches, as well
as forming part of the intestinal microbiota of many
animal species, including fish (Abdel-Latif &
Sedeek 2017). However, when an animal is exposed
to stressful conditions, these bacteria may cause
clinical infections, either as primary or even
opportunistic pathogens, which often lead to the
death of the animal (Zheng et al. 2004). Infection by
enterobacteria is very common in fish farming
operations, mainly in open systems, that may be
affected by hospital, agricultural and industrial
discharges (Cabello et al. 2016, Tacconelli et al.
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2018), causing either major economic losses and/or
the contamination of human consumers (Oliveira et
al. 2017).

One of the many enterobacterial species is
Enterobacter aerogenes, a Gram-negative bacterium,
which is optionally anaerobic and catalase positive
(Obi 2017). In aquatic animals, such as Chanos
chanos and Istiophorus sp., infection by E.
aerogenes has been associated with the production
of histamine, which has caused intoxication (Tsai et
al. 2004). More recent research indicates that E.
aerogenes may be an emerging pathogen, given that
it is known to cause enteritis in the catfish Ictalurus
punctatus (Cao et al. 2017). However, it is unclear to
what extent E. aerogenes may be a natural
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component of the intestinal microbiota of marine
fish, including seahorses, and whether it does
actually cause infections.

Seahorses are threatened by many human
activities, and most species are assigned to some
degree of threat in the TUCN Red List (ITUCN 2021).
The longsnout seahorse, Hippocampus reidi
Ginsburg, 1933, can be identified according to some
specific features, as the proportion of the snout
length relative to the total head length (ranging from
2.0 to 2.6), as well as by the dorsal fin rays (17 to
19), anal fin rays (2 to 3) and the two pectoral fins
rays (15 to 17 each) (Lourie et al. 2004). It is one of
the species exploited most intensively worldwide
(Koning & Hoeksema 2021), and a number of
studies have investigated the potential for the captive
rearing of this species as a sustainable means of
supplying stock for the aquarium trade (Planas et al.
2021). Seahorse farming is a new industry, which is
still only beginning to deal with its many challenges,
in particular the control of diseases (Wang et al.
2016). In other words, there are still many obstacles
to the successful, large-scale production of
seahorses, in particular related to the understanding
of the many pathogens that affect these fish.

The present study describes the first known
case of an infection caused by Enterobacter
aerogenes in a captive longsnout seahorse,
Hippocampus reidi, but succumbed subsequently to
an infection by Klebsiella pneumoniae. In December
2020, a caseous lesion was identified on the skin of a
captive H. reidi being reared in the Laboratory of
Animal Behavior and Conservation at Santa Ursula
University in Rio de Janeiro, Brazil. The lesion was
located on the right ventral portion of the body,
between the 7th and 9th rings, while a subcutaneous
gas bubble was also found on the left side of the 8th
ring. This individual was being raised together with
another 30 H. reidi and was being fed daily with
live, freshly-caught shrimp (Mysis sp.) or frozen
Artemia salina, supplemented twice a week with the
fauna associated with the bryozoans Amathia
verticillata and Bugula sp.. This extra food was
offered in an attempt to provide a wider range of
nutrients that may have aided the recovery of the
individual. The seahorse aquaculture project was
authorized by the Brazilian government through
license number 46586-8, issued by the Chico
Mendes Institute (ICMBio), and followed the
captive care protocol of the Association for the
Study of Animal Behaviour.

As soon as the caseous lesion appeared on the
skin of the seahorse, it was isolated in a 7-L
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aquarium, which contained two artificial plants. The
quality of the water was verified daily and adjusted
to maintain salinity (25-30 ppt), temperature (21.5—
24.0°C), pH (8.0-8.2), toxic ammonia (< 0.25 ppm),
and nitrite (< 1.00 ppm) levels within adequate
limits.

The lesion was swabbed once, and the sample
was preserved in Stuart’s medium for analysis on the
same day at the SM Clinical Analysis Laboratory.
The sample was seeded directly onto a triplate
covered with MacConkey, chocolate and blood agar
separately (1/3 each) (Laborclin), which was used as
the enriched growth media for the isolation of the
bacterium. The blood agar was composed of 5%
defibrinated sheep’s blood and the medium was
incubated in CO, for 24 hours at 35-37°C. The
species was identified based on the diagnostic
morphological features of the colony.

The antibiogram was assessed using the disk
diffusion method. The samples were diluted to match
the 0.5 McFarland turbidity standard, following the
CLSI protocol (CLSI 2018). The antibiotics were
selected based on the results of the culture.

The initial analysis detected Enterobacter
aerogenes in the tissue of the caseous lesion. This
bacterium was sensitive to some of the antibiotics
tested and resistant to others (Table I). We selected
one of these antibiotics to which E. aerogenes was
sensitive (Ciprofloxacin) to treat the infected
seahorse.

Table I. Sensitivity of Enterobacter aerogenes to the
different antibiotics tested in the present study.

Antibiotic Sensitivity
Amikacin Sensitive
Amoxicillin Clavulanate Resistant
Ampicillin Resistant
Aztreonam Sensitive
Cephalexin Resistant
Cefepime Sensitive
Cefoxitin Resistant
Ceftazidime Sensitive
Ceftiofur Sensitive
Cefovecin Sensitive
Ceftriaxone Sensitive
Ciprofloxacin Sensitive
Enrofloxacin Sensitive
Gentamicin Sensitive
Imipenem Sensitive
Marbofloxacin Sensitive
Meropenem Sensitive
Piperacillin Tazobactam Sensitive
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A seven-day course of antibiotic therapy was
applied twice, with a five-day interval between
treatments. During the treatment, one-eighth of a
500-mg tablet of Ciprofloxacin (Legrand) was added
once a day, to a one-liter tank filled with seawater,
and once it was completely dissolved, the seahorse
was immersed in the water for 60 minutes.
Following this daily bath treatment, a topical
gentamicin-sulfadimidine based healing cream
(®Vetaglos brand in Brazil) was applied to the
lesion. The cream was applied once a day,
continuously, during three months. The lesion
recovered gradually during the course of this
treatment (Fig. 1).

Following its recovery from the ventral
lesions, the seahorse presented an edema on its
prehensile tail with visibly caseous subcutaneous
tissue (Fig. 2). This tissue was swabbed and
analyzed following the procedure described above
(culture in  MacConkey/chocolate/blood agar
[Laborclin] and disk diffusion for the antibiogram)
for the identification of the bacterium and its known
response to different antibiotics.

The culture revealed a mixed infection of
Enterobacter aerogenes and Klebsiella pneumoniae.
As the antibiogram indicated that both these bacteria
are sensitive to Ciprofloxacin (Table II), we used the
same treatment schedule as that applied to the
previous lesion, with daily antibiotic baths being
followed by the application of the healing cream. In
this case, however, the animal did not present any
signs of recovery and died on the second day of the
second course of treatment.

Ciprofloxacin has been used to treat bacterial
infections in a number of different fish species
(Nouws et al. 1988, Kumar et al. 2015, Okoroafor et
al. 2017), although it is important to note certain
specific aspects of the present study. The first
infection was well succeeded using ciprofloxacin.
Although during the treatment of Cyprinus carpio,
for example, Kumar et al. (2015) reported a loss of
appetite, whereas in the present case, the seahorse
continued to feed normally, and responded well to
the full course of treatment. Even so, the secondary
mixed infection was intense, and led to the death of
the individual. El-Gahny et al. (2014) also tested
ciprofloxacin for two weeks in mixed infection of
discus Symphysodon sp. and the results reported
mortality of 50% of the fish, in contrast to those
treated with Metronidazole, which fully recovered.
Grillon et al. (2016) noted that ciprofloxacin is more
effective for some strains, having a less bactericidal
activity than other antibiotics. Re-epithelization was
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satisfactory following the treatment with antibiotics
and the application of the gentamicin-sulfadimidine
based healing cream, which was shown to be an
effective treatment for cutaneous lesions in the
present study. None of the other 30 captive seahorses
housed together with the infected individual treated
in the present study presented any type of skin lesion
that would indicate infection by either Enterobacter
aerogenes or Klebsiella pneumoniae.

Both these bacterial species are known to
cause opportunistic infections (Adeshina et al. 2016,
Cao et al. 2017). Enterobacter is known to be a
pathogen in humans (Kanemitsu et al. 2007) and
other vertebrates, and has been reported infecting
some farmed fish species, such as the catfish
Pangasianodon hypophthalmus (Kumar et al. 2013)
and Ictalurus punctatus (Cao et al. 2017). Cao et al.
(2016) concluded that humans may be infected with
this bacterium by consuming contaminated seafood,
which is a concern for fish farming. Klebsiella
pneumoniae is also an opportunistic, Gram-negative
bacterium, which may cause disease and even death,
if not treated promptly. This bacteria was observed
in Indian Major Carp Labeo rohita and in clownfish,
Amphiprion nigripes, which caused hemorrhages
and ulcers (Gopi et al. 2016, Das et al. 2018) as we
observed in seahorse in this study. Both bacteria are
known to act as pathogens in fish following stressful
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Figure 1. Clinical evolution of the cutaneous lesion
provoked by Enterobacter aerogenes in a captive
longsnout seahorse Hippocampus reidi: (a) caseous lesion
on the right ventral portion of the skin on day 1 of the
treatment; (b) subcutaneous gas bubble on the left 8th ring
on day 1 of the treatment; (c) the caseous lesion shown in
(a) on day 8 of the treatment; (d) the subcutaneous gas
bubble shown in (b) on day 8 of the treatment, and (e) the
seahorse on day 15 of the treatment.
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Figure 2. Secondary infection in the captive longsnout
seahorse, Hippocampus reidi, shown in Figure 1,
showing: (a) the edema on the prehensile tail and (b) the
visibly caseous subcutaneous tissue resulting from the
mixed infection by Enterobacter aerogenes and
Klebsiella pneumoniae.

events, as observed in the nishikigoi (carp) Cyprinus
carpio, when handled inadequately (Oliveira et al.
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2014) and in the clownfish, Amphiprion nigripes
(Gopi et al. 2016). According to Gopi et al. (2016),
the high ammonia level in captivity can cause stress,
affecting the gills and restricting the respiration,
which can improve susceptibility to pathogens, as a
secondary intruder. In this study, the seahorse was
maintained in ammonia below 0.25 ppm, however
could lead to the secondary infection. Other causes
may be related to bacterial infection, such as poor
environmental quality, nutritional deficiency and
overstocking (Sandeep et al. 2016). In the present
study, water quality was weekly evaluated and
stabilized, if not proper. Stocking density (0.04 in
d.L), although proper to seahorses (Fonseca et al.
2015), was above their usual density in nature (0.2
ind.m?), probably intensifying interaction and
competition for partner and food, turning them
susceptible to infection by those stressful
interactions.

Neither of the bacteria recorded in the present
study have been reported previously in seahorses.
Vibrio is the bacterium found most often in captive
seahorses. The species include Vibrio alginolyticus,
which is known to infect H. reidi, Hippocampus
guttulatus, and  Hippocampus  hippocampus
(Balcazar 2010a, Martins et al. 2010), Vibrio
splendidus, recorded in H. guttulatus and H.
hippocampus (Balcéazar et al. 2010b), Vibrio harveyi
and Vibrio vulnificus in Hippocampus kuda (Jiang et
al. 2020, Xie et al. 2020), Vibrio parahaemolyticus
in Hippocampus kelloggi (Yang et al. 2006), Vibrio
fortis in Hippocampus erectus (Wang et al. 2016),
and Vibrio ponticus and Vibrio neptunius, which are
known to cause intestinal disease in Hippocampus
trimaculatus, H. erectus, and Hippocampus
spinosissimus (Li et al. 2015).

Table II. Sensitivity of Enterobacter aerogenes and Klebsiella pneumoniae to different antibiotics.

Antibiotic Enterobacter aerogenes Klebsiella pneumoniae
Amikacin Sensitive Sensitive
Amoxicillin Resistant Sensitive
Clavulanate

Ampicillin Resistant Resistant
Aztreonam - Sensitive
Cephalexin Resistant Resistant
Cefoxitin Resistant Resistant
Ceftazidima Sensitive Sensitive
Cefovecin Sensitive Sensitive
Ceftriaxona Sensitive Sensitive
Ciprofloxacin Sensitive Sensitive
Enrofloxacin Resistant Sensitive
Ertapenem Sensitive Sensitive
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Antibiotic Enterobacter aerogenes Klebsiella pneumoniae

Gentamicin Sensitive Sensitive

Imipenem Sensitive Sensitive

Marbofloxacin Resistant Sensitive

Meropenem Sensitive Sensitive

Piperacillin Sensitive Sensitive

Tazobactam

Tetracycline Resistant Resistant

Tobramicina Resistant Resistant

Table II. Continued from previous page.

The present study is the first to report the
infection of captive H. reidi by E. aerogenes and K.
pneumoniae. This was also the first attempt to treat a
bacterial infection in a fish species using antibiotics
associated with the gentamicin-sulfadimidine based
healing cream. Seahorse farming is intended to
contribute to the conservation of wild populations,
although a number of aspects of this process,
including the prevention of disease and the control
of pathogens, require further research. While
Ciprofloxacin was effective for the treatment of the
E. aerogenes infection, it did not appear to be as
effective against Klebsiella pneumoniae. The healing
cream used here (the Vetaglos brand in Brazil) did
appear to be highly effective for the re-epithelization
of the cutaneous lesions in the seahorse, however.

Acknowledgements

We thank Universidade Santa Ursula for
logistic support; Amanda Vaccani and Gabriela
Cabir6é for collaborating with the seahorse care in
the laboratory. And also Solange Fonseca for the
bacteriological analysis.

Ethics statement

Collection and/or manipulation of fish were
conducted following all applicable ethical
regulations regarding experimentation with animals.

References

Abdel-Latif, HM.R. & Khalifa, E. 2017. Diversity
of Enterobacteriaceae retrieved from diseased
cultured Oreochromis niloticus.
International Journal of Fisheries and
Aquatic Studies, 5: 29-34.

Adeshina, I., Abdrahman, S.A. & Yusuf, A. A. 2016.
Occurrence of Klebsiella Species in Cultured
African Catfish in Oyo State, South-West
Nigeria. Nigerian Veterinary Journal, 37:
24-31.

Balcazar, J.L., Gallo-Bueno, A., Planas, M. &
Pintado, J. 2010a. Isolation of Vibrio

alginolyticus and Vibrio splendidus from
captive-bred  seahorses ~ with  disease
symptoms. Antonie Van Leeuwenhoek,
97(2): 207-210.

Balcazar, J.L., Pintado, J. & Planas, M. 2010b.
Vibrio hippocampi sp. nov., a new species
isolated from wild seahorses (Hippocampus
guttulatus). FEMS Microbiology Letters,
307: 30-34.

Cabello, F.C., Godfrey, H.P., Buschmann, A.H. &
Do6lz, H.J. 2016. Aquaculture is yet another
environmental gateway to the development
and globalization of antimicrobial resistance.
The Lancet Infectious Diseases, 16(7): e127-
el33.

Cao, H,, An, J, Ou, R, Lu, L., Ai, X. & Yang, Y.
2017. Enterobacter aerogenes: an emerging
pathogen for enteritis in farmed channel
catfish Ictalurus punctatus. Israeli. Journal of
Aquaculture, 69: 1370-1377.

Cao, H,, He, S., Li, Y., Yibin, Y. & Ai, X. 2016.
Hafnia alvei: a pathogen causing infectious
intussusception syndrome (IIS) in farmed
channel catfish Ictalurus punctatus. Israeli

Journal of Aquaculture-Bamidgeh,
68: 1305-1311.

CLSI 2018. Performance Standards for
Antimicrobial Disk and Dilution

Susceptibility Test for Bacteria Isolated from
Animals. Wayne, P.A. (Ed.). Clinical and
Laboratory Standards Institute, Pennsylvania,
USA.

Das, A., Acharya, S., Behera, B.K., Paria, P,
Bhowmick, S., Parida, P.K. & Das, B.K. 2018.
Isolation, identification and characterization
of Klebsiella pneumoniae from infected
farmed Indian Major Carp Labeo rohita
(Hamilton 1822) in West Bengal, India.
Aquaculture, 482: 111-116.

El-Ghany, N.A., El-Khatib, N.R., & Salama, S.S.
2014. Causes of mortality in discus fish
(Symphysodon) and trials for treatment.

Pan-American Journal of Aquatic Sciences (2022), 17(2): 145-151



150

Egyptian Journal of Aquatic Research, 4: 1-
12.

Fonseca, T., David, F.S., Ribeiro, F.A.S., Wainberg,
A.A. & Valenti, W.C. 2015. Technical and
economic feasibility of integrating seahorse
culture in shrimp/oyster farms. Aquaculture
Research, 48 (2): 655-664.

Gopi, M., Kumar, T.T.A. & Prakash, S. 2016.
Opportunistic pathogen Klebsiella
pneumoniae isolated from Maldives clownfish
Amphiprion nigripes with hemorrhages at
Agatti Island, Lakshadweep archipelago.
International Journal of Fisheries and
Aquatic Studies, 4: 464-467.

Grillon, A., Schramm, F., Kleinberg, M. & Jehl, F.
2016. Comparative Activity of Ciprofloxacin,

Levofloxacin and Moxifloxacin against
Klebsiella pneumoniae, Pseudomonas
aeruginosa and Stenotrophomonas

maltophilia Assessed by Minimum Inhibitory
Concentrations and Time-Kill Studies. PLoS
ONE, 11(6): e0156690.

IUCN (2021). 2021 TUCN red list of threatened

species - World Wide Web electronic
publication, accessible at
https://www.iucnredlist.org/ (Accessed
12/11/2021).

Jiang, F., Yang, N., Huang, H., Huimin Feng, Yu Li
& Bingbing H. 2020. Short communication:
recovery of Vibrio vulnificus from head
ulceration in seahorse (Hippocampus kuda).
Aquaculture International, 28: 653-660.

Kanemitsu, K., Endo, S., Oda, K., Saito, K.,
Kunishima, H., Hatta, M., Inden, K. & Kaku,
M. 2007. An increased incidence of
Enterobacter cloacae in a cardiovascular
ward. Journal of Hospital Infection, 66:
130-134.

Koning, S. & Hoeksema, B.W. 2021. Diversity of
Seahorse Species (Hippocampus spp.) in the
International Aquarium Trade. Diversity, 13:
187.

Kumar, K., Prasad, K.P., Raman, R.P., Kumar, S. &
Purushothaman, C.S. 2013. Association of
Enterobacter cloacae in the mortality of
Pangasianodon  hypophthalmus  (Sauvage,
1878) reared in culture pond in Bhimavaram,
Andhra Pradesh, India. Indian Journal of
Fish, 60(3): 147-149.

Kumar, R., Swaminathan, T.R., Kumar, R.G,,
Dharmaratnam, A., Basheer, V.S. & Jena, J.K.
2015. Mass mortality in ornamental fish,
Cyprinus carpio koi caused by a bacterial

E. N. F. TAVARES ET AL.

pathogen, Proteus hauseri. Acta Tropica,
149: 128-134.

Li F, Wang K., Huang L.M. & Lin Q. (2015)
Comparison of the intestinal bacterial flora in
healthy and intestinal-diseased seahorses
Hippocampus trimaculatus, H. erectus, and
H. spinosissimus. Journal of the World
Aquaculture Society 46: 263-273.

Lourie, S.A., Foster, S.J., Cooper, EWT. &
Vincent, A.CJ. 2004. A Guide to the
Identification of Seahorses. Project
Seahorse and TRAFFIC North America.
Washington D.C., University of British
Columbia and World Wildlife Fund, 114p.

Martins, M.L., Mourino, J.L.P., Fezer, G.F., Neto,
C.C.B., Garcia, P, Silva, B.C., Jatoba, A. &
Vieira, F.N. 2010. Isolation and experimental
infection with Vibrio alginolyticus in the sea
horse, Hippocampus reidi Ginsburg, 1933
(Osteichthyes:  Syngnathidae) in Brazil.
Brazilian Journal of Biology, 70: 205-2009.

Nouws, J.F., Mevius, D., Vree, T.B., Baakman, M. &
Degen, M. 1988. Pharmacokinetics,
metabolism, and renal clearance of
sulfadiazine, and sulfamethazine and of their
N4-acetyl and hydroxy metabolites in calves
and cows. American Journal of Veterinary
Research, 49(7): 1059-1065.

Obi, C.N. 2017. Brewery Contaminants, Challenges
and Remedies - A Review. The Journal of
Microbiology, 31(1): 3926-3940.

Okoroafor, R.C., Oladele, O.0. & Olufemi, B.E.
2017. Pharmacokinetics of ciprofloxacin in
bath medicated hybrid tilapias using enzyme
linked immunosorbent assay (ELISA).
Journal of Veterinary Science, 15: 11-19.

Oliveira, R.V., Peixoto, P.G., Ribeiro, D. C., Araujo,
M.C., Santos, C.T.B., Hayashi, C., Pedreira,
MM. & Pellii A. 2014. Klebsiella
pneumoniae as a main cause of infection in
nishikigoi ~ Cyprinus carpio (carp) by
inadequate handling. Brazilian Journal of
Veterinary Pathology, 7: 86-88.

Oliveira, R.V.,, Oliveira, M.C. & Pelli, A. 2017.
Disease Infection by Enterobacteriaceae
Family in Fishes: A Review. Journal of
Microbiology and Experimentation, 4 (5):
00128.

Planas, M., Olivotto, 1., Gonzalez, M.J., Laura, R.,
Angeletti, C., Amici, A. & Zarantoniello, M.
2021. Pre-breeding diets in the Seahorse
Hippocampus reidi: How do they affect fatty
acid profiles, energetic status and histological

Pan-American Journal of Aquatic Sciences (2022), 17(2): 145-151



Enterobacteriaceae infection in Seahorse

features in newborn. Frontiers in Marine
Science, 8: 1-618.

Tacconelli, E., Carrara, E., Savoldi, A., Harbarth, S.,
Mendelson, M., Monnet, D. L. & Zorzet, A.
2018. Discovery, research, and development
of new antibiotics: the WHO priority list of
antibiotic-resistant bacteria and tuberculosis.
The Lancet Infectious Diseases, 18(3): 318-
327.

Tsai, Y.H., Kung, H.F.,, Lee, TM., Lin, G.T. &
Hwang, D.F. 2004. Histamine-related
hygienic qualities and bacteria found in
popular commercial scombroid fish fillets in
Taiwan. Journal of Food Protection, 67(2):
407-412.

Wang, X., Zhang, Y., Qin, G., Luo, W., & Lin, Q.
(2016). A novel pathogenic bacteria (Vibrio
fortis) causing enteritis in cultured seahorses,

151

Hippocampus erectus Perry, 1810. Journal of
Fish Diseases, 39(6): 765-769.

Xie, J., Bu, L., Jin, S., Wang, X., Zhao, Q., Zhou, S.
& Xu, Y. 2020. Outbreak of vibriosis caused
by Vibrio harveyi and Vibrio alginolyticus in
farmed seahorse Hippocampus kuda in China.
Aquaculture, 523: 735168.

Yang, H., Yang, W., Cheng, G., Zhao, W. & Zhang,
G. 2006. Study on isolation, identification and
sensitivity to antibiotics of seahorse H.
kellogi. Chinese Journal of Frontier Health
and Quarantine, 29: 232-234.

Zheng, D., Mai, K., Liu, S., Cao, L., Liufu, Z., Xu,
W., Tan, B. & Zhang, W. 2004. Effect of
temperature and salinity on virulence of
Edwardsiella tarda to Japanese flounder,
Paralichthys  olivaceus  (Temminck et
Schlegel). Aquaculture Research, 35: 494-
500.

Received: January 2022
Accepted: April 2022
Published: August 2022

Pan-American Journal of Aquatic Sciences (2022), 17(2): 145-151



