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The Yersinia genus encompasses 2 enteropatho-
genic species, Y. enterocolitica and Y. pseudo-

tuberculosis (1,2). Those bacteria are the cause of 
foodborne infections that range from mild enteri-
tis, especially in children, to systemic infections in 
the elderly or patients with underlying disorders 
(3). Enteric yersiniosis is the third most frequently 
reported zoonosis in Europe, mainly caused by Y. 
enterocolitica infections (4). Isolates can be classified 
into nonpathogenic genotypes (1Aa and 1Ab) and 11 
other pathogenic genotypes (2).

In France, genomic surveillance based on a Y. en-
terocolitica core genome multilocus sequence typing 
(cgMLST) scheme was useful in identifying geneti-
cally closely related isolates and initiating an epide-
miologic investigation with public health authorities 
to identify a common source of infection (5). Epidemi-
ologic information on enteric yersinioses is scarce in 
the Americas. We studied Yersinia isolates from Costa 
Rica to evaluate their circulation in the country and to 
characterize them at the genomic level. 

We analyzed 78 isolates collected during 2003–
2023; all were of clinical origin except 1 veterinary 
isolate (Appendix 1, https://wwwnc.cdc.gov/EID/
article/31/4/24-0963-App1.pdf). Genomic char-
acterization based on a Yersinia 500-gene cgMLST 
enabled us to identify all isolates as pathogenic Y. 
enterocolitica: 2 isolates belonged to genotype 2/3-5a 
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Data on enteric yersinioses in Central America are lim-
ited. Genomic characterization of 78 Yersinia entero-
colitica isolates from Costa Rica indicated persistent 
infection-source circulation between animal reservoirs 
and humans, as well as unusual antimicrobial resistance 
levels. Our study highlights the importance of genomic 
surveillance to monitor Yersinia-caused infections in  
Costa Rica.
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and the 76 others to genotype 4. All patients (n = 
77) experienced enteric infections; we only identi-
fied pathogenic isolates. Epidemiologic records of 
the 77 clinical isolates showed that the sex ratio was 
1:1 as expected in other countries (4). Most (76%) of 
the isolates were collected from patients <20 years 
of age; 20% were from adults 21–60 years of age. We 
observed a slight (4%) increase in patients >61 years 
of age. Most (97%) isolates came from feces, indicat-
ing that patients had a digestive form of infection, 
whereas 3% of the isolates were collected from blood 
(Appendix 2 Table, https://wwwnc.cdc.gov/EID/
article/31/4/24-0963-App2.xlsx). Overall, the epi-
demiology of Y. enterocolitica isolates circulating in 
Costa Rica was similar to that of other countries (4).

Geographic distribution of the isolates showed 
that the 78 isolates were distributed in the 7 provinces  

of Costa Rica; 60 (77%) isolates were from the Gran 
Area Metropolitana, a densely populated region 
around San Jose, the capital city (Figure). Phyloge-
netic reconstruction of the 76 genotype 4 isolates 
revealed 4 distinct bacterial subgroups (Figure). 
No geographic association was found between 
subgroups or provinces. We conducted a genomic 
comparison of isolates on the basis of a Y. entero-
colitica 1,727-gene cgMLST and subsequent clus-
tering of isolates with a 5-mismatch threshold; we 
found that 51/76 isolates belonged to 9 clusters of 
>2 isolates (Table; Appendix 1 Figure). We identi-
fied 3 clusters with isolates collected over a long 
period: cluster 6122 for 10 years, cluster 6127 for 
13 years, and cluster 6124 for 8 years. Those peri-
ods suggest persistence of the source of contami-
nation. We found that cluster 3151 is composed  
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Figure. Phylogenetic tree of 76 Yersinia enterocolitica genotype 4 isolates collected in Costa Rica, 2003–2023. The tree was 
reconstructed with IQ-TREE2 (http://www.iqtree.org) after alignment of the 1,727 genes of the cgMLST Y. enterocolitica. Columns 
show information on province (1), category (2), origin (3), antimicrobial resistance by drug (4–10), and by gene (11–18). Map (inset) 
shows cases by province. AMC, amoxicillin/clavulanic acid; AMO, amoxicillin; cgMLST, core genome multilocus sequence typing; CXN, 
cefalexin; FOX, cefoxitin; NAL, nalidixic acid; TET, tetracycline; TIC, ticarcillin.

 
Table. Epidemiologic characteristics of cgMLST clusters of Yersinia enterocolitica isolates, Costa Rica* 

cgMLST cluster 
No. isolates from 

Costa Rica No. isolates in cluster Category Country Isolation dates 
6122 27 27 Clinical Costa Rica 2004–2014 
6127 8 8 Clinical Costa Rica 2006–2019 
6180 3 3 Clinical Costa Rica 2014–2016 
3151 3 3 Clinical, veterinary Costa Rica 2018–2022 
6124 2 2 Clinical Costa Rica 2005–2013 
6149 2 2 Clinical Costa Rica 2007–2008 
6164 2 2 Clinical Costa Rica 2008–2011 
6212 2 2 Clinical Costa Rica 2012–2015 
5652 2 3 Clinical Costa Rica and France 2015–2023 
*Clinical isolates are from human samples. cgMLST, core genome multilocus sequence typing. 

 

https://wwwnc.cdc.gov/EID/article/31/4/24-0963-App2.xlsx
https://wwwnc.cdc.gov/EID/article/31/4/24-0963-App2.xlsx
http://www.cdc.gov/eid
http://www.iqtree.org


of mixed clinical and veterinary isolates, suggest-
ing circulation between the animal reservoir and 
humans (Table; Appendix 2 Table). Of note, cluster 
5652 is composed of 2 isolates from Costa Rica and 
1 from France. Epidemiologic records of the France 
isolate showed that the patient was returning from 
Costa Rica at the time of sampling, suggesting that 
he was infected during his trip.

Among the 76 genotype 4 isolates, antimicro-
bial susceptibility testing revealed unusually high 
levels of resistance to cefoxitin (7.9%), nalidixic acid 
(23.7%), and tetracycline (9.2%) (Figure; Appendix 
Table) (6). Nalidixic acid resistance was associated 
with mutations in the quinolone resistance–deter-
mining region of the gyrA gene; we identified the 
previously described S83R mutation (7) in 15 iso-
lates and D87G mutation in 3 isolates. Cefoxitin re-
sistance in 6 isolates was associated with a G751A 
mutation of the ampC gene, identical to the muta-
tion present in the naturally cefoxitin-resistant gen-
otype 2/3-5a. Those 6 isolates are in the upper part 
of the tree, suggesting the mutation was acquired 
during emergence of the branch (Figure). In 6/7 
tetracycline-resistant isolates, resistance was asso-
ciated with acquisition of the tetC gene located on 
a 13.7 kb plasmid circulating in other enterobacte-
ria. Those 6 isolates are on the upper branch of the 
tree, suggesting that plasmid acquisition occurred 
during emergence of the branch (Figure). The other 
tetracycline-resistant isolate was associated with 
the tetA gene, together with aph(3′)-Ib and aph(6)-
Id, floR, and sul2, located on an 81.2 kb multidrug-
resistant plasmid (Figure). The presence of those 
genes was phenotypically associated with resis-
tance to tetracycline, streptomycin, chlorampheni-
col, and sulfonamides.

In summary, this study brings insights into the 
distribution of enteropathogenic Yersinia species cir-
culating in Costa Rica. Diversity is low because most 
of the Y. enterocolitica isolates belonged to biotype 4. 
Many closely related isolates were identified within 
a long timeframe, sometimes between human clini-
cal and veterinary isolates, suggesting a persistence 
of the source of infection and the circulation between 
the reservoir and humans. Implementation of rou-
tine genomic surveillance in Costa Rica could help to 
monitor the circulation of closely related Yersinia iso-
lates and initiate epidemiologic investigation to im-
plement control measures in the event of an outbreak.

Acknowledgments
We thank the national network of bacteriology laboratories 
of Costa Rica for their participation in the surveillance of 
enteropathogenic agents. 

This project received funding from Institut Pasteur (Paris, 
France) and the LabEx Integrative Biology of Emerging 
Infectious Diseases (grant no. ANR LBX-62 IBEID).

About the Author 
Dr. Savin is a microbiologist and deputy director of the 
Yersinia National Reference Laboratory, Institut Pasteur, 
Paris. His research interests include biological diagnosis, 
genomics, evolution, and epidemiology of Yersiniae.

References
  1. Le Guern AS, Savin C, Angermeier H, Brémont S,  

Clermont D, Mühle E, et al. Yersinia artesiana sp. nov., 
Yersinia proxima sp. nov., Yersinia alsatica sp. nov., Yersina 
vastinensis sp. nov., Yersinia thracica sp. nov. and Yersinia  
occitanica sp. nov., isolated from humans and animals.  
Int J Syst Evol Microbiol. 2020;70:5363–72. https://doi.org/ 
10.1099/ijsem.0.004417

  2. Savin C, Criscuolo A, Guglielmini J, Le Guern AS, Carniel E, 
Pizarro-Cerdá J, et al. Genus-wide Yersinia core-genome  
multilocus sequence typing for species identification and 
strain characterization. Microb Genom. 2019;5:e000301. 
https://doi.org/10.1099/mgen.0.000301

  3. Cover TL, Aber RC. Yersinia enterocolitica. N Engl 
J Med. 1989;321:16–24. https://doi.org/10.1056/
NEJM198907063210104

  4. European Food Safety Authority; European Centre for 
Disease Prevention and Control. The European Union One 
Health 2022 zoonoses report. EFSA J. 2023;21:e8442.  
https://doi.org/10.2903/j.efsa.2023.8442

  5. Le Guern AS, Savin C, Chereau F, Tessier S, Guglielmini J, 
Brémont S, et al. A novel cgMLST for genomic surveillance  
of Yersinia enterocolitica infections in France allowed the 
detection and investigation of outbreaks in 2017–2021.  
Microbiol Spectr. 2024;12:e0050424. https://doi.org/10.1128/
spectrum.00504-24

  6. Abdel-Haq NM, Papadopol R, Asmar BI, Brown WJ.  
Antibiotic susceptibilities of Yersinia enterocolitica  
recovered from children over a 12-year period. Int J  
Antimicrob Agents. 2006;27:449–52. https://doi.org/10.1016/ 
j.ijantimicag.2005.12.008

  7. Capilla S, Ruiz J, Goñi P, Castillo J, Rubio MC,  
Jiménez de Anta MT, et al. Characterization of the  
molecular mechanisms of quinolone resistance in Yersinia 
enterocolitica O:3 clinical isolates. J Antimicrob Chemother. 
2004;53:1068–71. https://doi.org/10.1093/jac/dkh225

Address for correspondence: Cyril Savin and  
Javier Pizarro-Cerdá, Unité de Recherche Yersinia, Institut 
Pasteur, 28 rue du Dr Roux, 75724 Paris Cedex 15, France; e-mail: 
cyril.savin@pasteur.fr and javier.pizarro-cerda@pasteur.fr

860 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 31, No. 4, April 2025

RESEARCH LETTERS

https://doi.org/10.1099/ijsem.0.004417
https://doi.org/10.1099/ijsem.0.004417
https://doi.org/10.1099/mgen.0.000301
https://doi.org/10.1056/NEJM198907063210104
https://doi.org/10.1056/NEJM198907063210104
https://doi.org/10.2903/j.efsa.2023.8442
https://doi.org/10.1128/spectrum.00504-24
https://doi.org/10.1128/spectrum.00504-24
https://doi.org/10.1016/j.ijantimicag.2005.12.008
https://doi.org/10.1016/j.ijantimicag.2005.12.008
https://doi.org/10.1093/jac/dkh225
mailto:cyril.savin@pasteur.fr
mailto:javier.pizarro-cerda@pasteur.fr
http://www.cdc.gov/eid

