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A B S T R A C T   

On January 2020, an outbreak of acute mortality was detected in the capybara (Hydrochoerus hydrochaeris) 
population kept in the Cordoba Zoo Conservation Center (CZCC) in Spain. Morbidity and mortality rates were 
71%, and the fatality rate was 100%. Macroscopic examination revealed multifocal nodular lesions with fibri-
nonecrotic exudate in lungs and mesenteric lymph nodes. Microscopic lesions were characterized as severe acute 
fibrinopurulent bronchopneumonia and generalized vascular changes. Cultures and biochemical analyses yielded 
Yersinia pseudotuberculosis (YPT). This species was confirmed by both PCR and MALDI-TOF. This report describes 
the first outbreak of fatal YPT infection in zoo animals in Spain and confirms that capybaras are highly sus-
ceptible to this pathogen, which could be of animal health, conservation, and public health concern. Future 
studies are warranted to determine potential sources of YTP infection in zoos to prevent future cases in sus-
ceptible species, including humans.   

1. Introduction 

Yersinia pseudotuberculosis (YPT) is a small, gram-negative aerobic 
coccobacillus belonging to the family Yersineaceae [1,2]. This bacte-
rium, together with Yersinia enterocolitica, is the causative agent of 
enteric yersiniosis, a worldwide zoonotic disease that affects a wide 
variety of wild and domestic mammalian and avian species [3]. In 
humans, YPT generally causes self-limiting gastrointestinal tract infec-
tion [4,5]. However, spread has been documented, with abscess-forming 
mesenteric lymphadenitis and extraintestinal infections that can result 
in serious complications and even death, particularly in immunocom-
promised individuals and children [4,6]. 

Yersiniosis has also been frequently detected in different free-living, 
farm and pet species [5,7,8]. Most cases have been reported in captive 
zoo animals, with artiodactyls, birds, non-human primates, and rodents 
being species particularly susceptible to YPT infection [1,3,9–11]. In this 
context, YPT could represent a major obstacle to species preservation 

when it infects endangered species in captivity [5,11]. In the present 
study, we report a fatal outbreak of yersiniosis caused by YPT in the 
capybara (Hydrochoerus hydrochaeris) population of the Cordoba Zoo 
Conservation Center (CZCC, southern Spain). 

2. Material and methods 

In January 2020, five capybaras (one adult female, two subadult 
males and two young animals) kept in the CZCC died within three days 
of each other. Two of them (the adult female and one subadult male) 
were sent to the Faculty of Veterinary Science of the University of 
Cordoba for post-mortem examination and laboratory analysis. After 
necropsy, tissue samples from the lungs, heart, liver, spleen, small and 
large intestine, kidney, ovary and uterus were collected from each ani-
mal. Samples were fixed in 10% neutral phosphate-buffered formalin for 
24 h, routinely embedded in paraffin wax and processed using standard 
hematoxylin and eosin (HE), Fraser-Lendrum (FL) and Gram staining 
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procedures to analyze the histopathological lesions. 
In parallel, fresh samples from the same tissues were collected for 

bacteriological examination, using Gram and Ziehl-Neelsen stains and 
following routine procedures. Tissue samples in which bacteria were 
observed (lungs and mesenteric lymph nodes) were then cultured on 
blood agar base supplemented with 5% sterile defibrinated sheep blood, 
MacConkey agar, Columbia blood agar and mannitol salt agar at 37 ◦C 
for 24–48 h under aerobic conditions. Gram staining was also performed 
on colonies growing on culture media. Bacterial isolates were bio-
chemically characterized using the commercial API® 20E system (API® 
bioMerieux, Marcy I′Etoile, France), according to the manufacturer’s 
instructions. Bacterial isolates were analyzed by matrix-assisted laser 
desorption/ionization time-of-flight mass spectrometry (MALDI-TOF), 
using the MBT Smart MALDI Biotyper benchtop mass spectrometer 
(Bruker Daltonics, Bremen, Germany), as described [12]. Bacterial DNA 
extraction was performed using the QIAamp DNA Minikit (Qiagen Ltd., 
Manchester, UK), following the manufacturer’s instructions. The 5′ end 
of the 16 S rRNA gene was amplified using the universal primers E8F 
(5′-AGAGTTTGATCCTGGCTCAG-3′) and E533R (5′-TTACCGCGGCTGC 
TGGCA-3′), targeting the first 500 pb of the gene [13]. The PCR product 
was sequenced using the AbiPrism 3130xl Genetic Analyzer (Applied 
Biosystems, Inc.). Sequences were compared with those stored in Gen-
Bank using BLAST alignment software (http://www.ncbi.nlm.nih. 
gov/blast) and BIBI (a bioinformatics bacterial identification tool; 
http://pbil.univ-lyon1.fr/bibi). Homology rates of > 99.0% with refer-
ence strains were required to accept identification to species level [12]. 

Antimicrobial susceptibility of the isolates was determined by the 
Clinical and Laboratory Standards Institute (CLSI) disc diffusion method 
[14] using Neo-Sensitabs™ (Rosco Diagnostica, Taastrup, Denmark) 
with CLSI potency and interpretation zones according to manufacturer’s 
instructions and CLSI guidelines. Isolates were streaked onto 
Mueller-Hinton agar (Difco, Madrid, Spain) to form a bacterial lawn, and 
the plates were incubated at 37 ◦C for 24 h. The diameter of the bacterial 
growth inhibition zone was measured and categorized as resistant or 
susceptible. A panel of 10 antimicrobial agents was tested, including: 
Ampicillin (10 µg), amoxycillin/clavulanic acid (30 µg), lincomycin (10 
µg), florfenicol (30 µg), sulfamethoxazole/trimethoprim (25 µg), doxy-
cycline (30 µg), ceftiofur (30 µg), enrofloxacin (5 µg), oxytetracycline 
(30 µg) and gentamicin (10 µg). 

3. Results and discussion 

To the best of the authors’ knowledge, this is the first report on 
mortality due to infection with YPT in captive zoo animals in Spain. Five 
of seven capybaras were affected during the outbreak (71% morbidity 
and mortality rate, 100% fatality rate). An adult female died suddenly 
without any appreciable clinical signs and the other four individuals 
(two subadult males and two young animals) displayed anorexia and 
apathy. Despite treatment with a combination of marbofloxacin (20 mg/ 
kg body weight [B.W.] IM) and meloxicam (0.2 mg/kg B.W. SC), all died 
within 24–48 h after the first clinical signs were observed. Two adult 
males were not clinically affected during the outbreak but were also 
preventively treated and separated from the rest of the animals. To date, 
no further cases of yersiniosis have been detected in other sympatric 
species in the CZCC. 

At necropsy, the animals were found to be in good body condition. 
Both specimens showed bloody pleural effusion and ascites. Multifocal 
whitish-yellow nodular lesions, ranging from a few millimeters to 
several centimeters in size, with fibrinonecrotic exudate, were observed 
in the lungs and mesenteric lymph nodes. The raised lesions were sur-
rounded by a hyperemic halo and no connective tissue capsule was 
observed (Fig. 1). The lungs, liver, spleen and kidneys were enlarged by 
congestion and fibrin deposits were noted on the surface of the 
abdominal viscera. 

Microscopic examination revealed that the lung was the most 
affected organ, showing severe acute fibrinopurulent 

bronchopneumonia characterized by large multifocal areas of necrosis 
with severe infiltration of neutrophils, large clusters of gram-negative 
coccobacilli and extensive fibrin deposits (Fig. 2A-D). As for vascular 
alterations, severe multifocal hemorrhages, generalized congestion and 
edema were observed in several organs. 

Bacteriological culture on blood and MacConkey agar yielded 
abundant growth of small pure colonies of uniform morphology from the 
lungs and mesenteric lymph nodes of the two animals. Gram staining 
revealed gram-negative coccobacilli and all isolates were identified as 
YPT with 99.8% probability, based on the biochemical profile following 
API® 20E enzyme reaction readings. Identification of the isolates as YPT 
was confirmed by MALDI-TOF as highly probable species identification 
(score value > 2.0; range: 2.3–2.5, mean: 2.4). DNA sequencing analysis 
also showed > 99.0% homology between the amplified 16 S rRNA gene 
fragment of the isolates and YTP reference sequences for this gene 
deposited in GenBank and the BIBI database. 

Post-mortem and laboratory findings, together with the sudden 
deaths of the five animals, are consistent with acute/subacute septic 
infection caused by YPT. The macroscopic and histopathologic findings 
observed in the capybaras are consistent with those previously reported 
in this species [10], as well as other ungulate [15], bird [1] and 
non-human primate species [9] infected with this bacterium. 

YPT is transmitted mainly by the fecal-oral route by ingestion of food 
or water contaminated with feces from infected birds and rodents, which 
are considered to be the main natural reservoirs of this pathogen [1,16, 
17]. In connection with this, previous studies of feral pigeons (Columba 
livia var. domestica) and free-living rats (Rattus spp.) conducted at the 
affected zoo showed that they were potential reservoirs for different 
zoonotic pathogens [18,19]. While it was not possible to determine the 
origin of the present outbreak, these pest species may also play a role in 
the epidemiology of YPT, as has been previously suggested in zoo ani-
mals [3,10,17]. Nevertheless, further studies are warranted to identify 
YTP reservoirs in this urban zoo. 

The YPT isolates were susceptible to amoxycillin/clavulanic acid, 
florfenicol, sulfamethoxazole/trimethoprim, doxycycline, ceftiofur, 
enrofloxacin, oxytetracycline and gentamicin but resistant to ampicillin 
and lincomycin. Although it was not possible to determine in-vitro 
sensitivity to marbofloxacin, which was used to treat the animals, 
there was evidence of sensitivity to enrofloxacin, another fluo-
roquinolone. In this regard, fluoroquinolones have been shown to be an 
effective first-choice antibiotic when YPT infection is suspected [3] and 
could explain why the two asymptomatic capybaras preventively treated 
with marbofloxacin were not affected during the outbreak. 

Fig. 1. Lungs showing raised multifocal nodular lesions embedded in the pa-
renchyma with fibrinonecrotic exudate. Nodules are whitish-yellow in color 
and surrounded by a hyperemic halo. 
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Since YPT is mainly isolated from wild animals [16], professionals in 
close contact with wildlife, such as veterinarians, zookeepers, and 
wildlife managers, may be at increased risk of exposure to YPT. It should 
also be noted that, in certain regions of southern America, capybara 
farming for meat consumption is common practice [20] and could be a 
further source of zoonotic infection. Furthermore, the risk of zoonotic 
infection caused by YTP associated with keeping capybaras as exotic 
pets, which has increased in countries such as the United States during 
the last decade, cannot be ruled out. 

In conclusion, the present study confirms that capybaras are highly 
susceptible to YPT infection. The results obtained could be of concern for 
public health and zoo conservation. Control measures, including 
adequate food and drinking water hygiene precautions and effective 
rodent and bird pest control programs, should be maintained and/or 
reinforced to minimize the risk of YPT exposure in susceptible species, 
including humans. Future studies to evaluate the presence of YPT 
virulence genes and to determine potential sources of infection are 
warranted to better characterize new outbreaks of this bacterium in zoo 
animals. 
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M. Rodríguez-Créixems, E. Bouza, Improvement of matrix-assisted laser 
desorption/ionization time-of-flight mass spectrometry identification of difficult- 
to-identify bacteria and its impact in the workflow of a clinical microbiology 
laboratory, Diagn. Microbiol. Infect. Dis. 79 (2014) 1–6, https://doi.org/10.1016/ 
j.diagmicrobio.2014.01.021. 

[13] G.C. Baker, J.J. Smith, D.A. Cowan, Review and re-analysis of domain-specific 16S 
primers, J. Microbiol. Methods 55 (2003) 541–555, https://doi.org/10.1016/j. 
mimet.2003.08.009. 

[14] Clinical and Laboratory Standards Institute, Performance Standards for 
Antimicrobial Susceptibility Testing; Twenty-Sixth Informational Supplement 
M100-S26, CLSI Publication, Wayne, Pennsylvania, United States, 2016. 

[15] G.B. Baskin, R.J. Montali, M. Bush, T.J. Quan, E. Smith, Yersiniosis in captive 
exotic mammals, J. Am. Vet. Med. Assoc. 171 (1977) 908–912. 

[16] A.-S. Le Guern, L. Martin, C. Savin, E. Carniel, Yersiniosis in France: overview and 
potential sources of infection, Int. J. Infect Dis. 46 (2016) 1–7, https://doi.org/ 
10.1016/j.ijid.2016.03.008. 

[17] K. Hahn, I.B. Veiga, M. Schediwy, D. Wiederkehr, M. Meniri, M. Schneeberger, P. 
R. den Broek, C. Gurtner, N.J. Fasel, S. Kittl, M. Fredriksson-Ahomaa, S. Schmitt, 
N. Stokar-Regenscheit, Yersinia pseudotuberculosis serotype O:1 infection in a 
captive Seba’s short tailed-fruit bat (Carollia perspicillata) colony in Switzerland, 
BMC Vet. Res. 17 (2021) 92, https://doi.org/10.1186/s12917-021-02796-y. 

[18] D. Cano-Terriza, R. Guerra, S. Lecollinet, M. Cerdà-Cuéllar, O. Cabezón, S. Almería, 
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