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ABSTRACT  
 

A study to determine the occurrence of Yersinia enterocolitica and Citrobacter freundii, two potential human pathogens in the throats of tropical pigs of Grenada origin 
and the antimicrobial pattern of the isolates was carried out. During a period of 30 days (15 September 2017 to 15 October 2017), throat swabs from a total of 97 

weaned pigs were sampled to isolate and characterize Y. enterocolitica by serotyping and resistance testing, and to isolates C. freundii. Of the pigs tested, four (4.1%) 

pigs were positive for Y. enterocolitica. The four Yersinia-positive pigs included one (2.4%) of 41 male pigs and three (5.4%) of 56 female pigs. There were no 
significant differences between the proportions of Yersinia-positive male and female pigs (p = 0.8437). Of these four Yersinia-positive pigs, two were mixed with C. 

freundii, one had slight contamination, and the other was pure. All belonged to serotype 0:9.  There were 31 pigs positive for C. freundii, and all showed mixed growth. 

Antimicrobial susceptibility tests against 14 drugs indicated that all isolates of Y. enterocolitica were susceptible to third-generation cephalosporins and 
fluoroquinolones, two classes of antimicrobials recommended for the treatment of Y. enterocolitica infection in humans.   
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INTRODUCTION 

 

Enteropathogenic Y. enterocolitica is a zoonotic pathogen, causing human 
disease worldwide with symptoms ranging from gastroenteritis to severe 

complications of mesenteric lymphadenitis, liver abscesses and postinfectious 

extraintestinal sequelae (Batzilla et al., 2011; Valentin-Weigand et al., 2014). It 

has also been isolated from cases of diarrhea in dogs in Canada (Hariharan and 

Bryenton, 1990). Recently, an unusual increase of Y. enterocolitica in humans 

occurred in Creuse, central France (Martin et al., 2015). Human infections are 
directly or indirectly derived from animal sources and may be contracted through 

the ingestion of contaminated food (Oxoid 2018). Pigs are considered to be the 

major reservoir of this pathogen. They may carry this organism in throats, tonsils, 
tongues, and to a lesser extent in feces (Hariharan et al., 1995; Schiemann and 

Fleming, 1981; Singh et al., 2003). Although the re-emergence and importance 

of this organism in temperate areas of the world is well documented as indicated 
by recent publications (Arrausi-Subiza et al., 2016; Bonardi et al., 2014; 

Fondrevez et al., 2014; Van Damme et al., 2015; von Altrock et al., 2015), 

there is very little information from tropical and subtropical countries. There is 
no data on the occurrence or properties of this pathogen in animals, including 

swine raised in the Caribbean. It is known that C. freundii an opportunistic 

human pathogen, may have a colony morphology resembling Y. enterocolitica on 
the selective medium used for isolation of Y. enterocolitica (Oxoid Ltd, 2018).  

Published information on C. freundii, in pigs is minimal, although it is known 

that some strains can cause gastroenteritis and hemolytic uremic syndrome 

(Tschape et al., 1995). The objectives of this study were to determine the 

carriage rates of Y. enterocolitica in pigs raised for food, and to characterize the 

isolates with regard to serotype and antimicrobial susceptibility. We also 
ascertained the occurrence of C. freundii in the throats of the pigs studied. 

This study will help determine the possible role of tropical pigs as reservoirs of 
human pathogenic Y. enterocolitica strains and identify drugs which are likely to 

be effective for treatment, in the event of disease in humans originating from 

pigs. Slaughter procedures and storage of meat may need modifications to 
prevent contamination of meat and subsequent multiplication of this 

psychrophilic organism which can multiply in refrigeration temperatures.  

 

MATERIAL AND METHODS 

 

Study design and sample collection 

 

This study had the approval of the St. George’s University Institutional Animal 

Care and Use Committee (IACUC 16007-R). Young weaned pigs of 
approximately 16 weeks of age were randomly selected from pig farms in 

Grenada. For each sampled pig, the gender and age were recorded. All sampling 

was done in a period of 30 days (15 September 2017 to 15 October 2017). Long 

guarded body cavity culture swabs (Santa Cruz Animal Health, Dallas, Texas) 

designed for collection throat samples from animals were used.  

 

Isolation and identification of Yersinia enterocolitica and Citrobacter freundii 

 

For the isolation of Y. enterocolitica and C. freundii, each swab was placed in a 

tube containing 5 ml of peptone sorbitol bile broth (Sigma-Aldrich, St. Louis, 

USA). The tube was vortexed, and 1 ml of the suspension was added to 9 ml of 

Irgasan-Ticarcillin-potassium Chlorate (ITC) broth (Bio-Rad, Marnes La 
Coquette, France), and incubated for 48 h at 25°C. Then, 10 µl of the culture was 

streaked on Cefsulodin-Irgasan-Novobiocin (CIN) agar plates (Yersinia selective 

agar base and supplement (Oxoid, Basingstoke, UK), and incubated at 30°C for 
24 hours. Suspected Y. enterocolitica and C. freundii colonies were identified 

using the API20E (Analytical Profile Index; BioM6rieux, Hazelwood, MO) 

bacterial identification strips.  

 

Serotyping of Yersinia enterocolitica 
 
For the serotyping of the Y. enterocolitica, the Y. enterocolitica serotyping kit 

(Denka Seiken Co. Ltd., Tokyo, Japan), which contained one polyvalent 

antiserum (groups O1 and O2), and 4 types of monovalent antisera for groups 
O3, O5, O8, and O9) was used.  

 

Antimicrobial susceptibility test 

 

Antimicrobial susceptibility tests was done using the standard disk diffusion 

method on Mueller Hinton agar (Difco/BD) following recommendation of the 
Clinical and Laboratory Standard Institute (CLSI, 2015). All the Y. 

enterocolitica were tested for susceptibility to 14 antimicrobials. The 
antimicrobial disks used were: amoxicillin-clavulanic acid (AmC-30), ampicillin 

(Am-10), aztreonam (ATM-30), ceftriaxone (CRO 30), ceftazidime (CAZ-30), 

cefoxitin (FOX-30),  cephalothin (CF-30), chloramphenicol (C-30), ciprofloxacin 
(CIP-5), gentamicin (GM-10), imipenem IPM-10), trimethoprim-

sulfamethoxazole (SXT-1.25/23.75), streptomycin (S-10), and tetracycline (TE-

30). The inhibition zone sizes were interpreted based on CLSI guidelines. 
Escherichia coli ATCC 25922 was used as quality control strain (Eguale et al., 

2015). 

 

Statistical analysis 

 

An online data analysis software: http://www.openepi.com/Menu/OE_Menu.htm 
was used for all the statistical analysis. The OpenEpi-Two by Two table (chi-

squared (χ2) analysis) was used to compare the differences in the proportions of 

female vs male pigs. The level of statistical significance was set at alpha equal to 
0.05 (α = 0.05). A value of P < 0.05 was considered statistically significant. 
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RESULTS AND DISCUSSION 

 

Ninety seven weaned pigs were sampled. By gender, they comprised of 41 

(42.3%) male pigs, and the remaining 56 (57.7%) were females.  Throat swabs 

from four (4.1%) pigs were positive for Y. enterocolitica. The four Yersinia-
positive pigs included one (2.4%) of 41 male pigs and three (5.4%) of 56 female 

pigs. There were no significant differences between the proportions of Yersinia-

positive male and female pigs (p = 0.8437). Of these four Yersinia-positive pigs, 
two were mixed with C. freundii, one had slight contamination, and the other was 

pure. All belonged to serotype 0:9.  There were 31 pigs positive for C. freundii, 

and all showed mixed growth. The other isolates included species of no 
pathogenic significance or poor identifications according to API strips. The 

United States Centers for Disease Control and Prevention (CDC, 2016) estimates 

Y. enterocolitica causes almost 117,000 illnesses, with 35 deaths in the U.S. 
every year. Raw or undercooked pork contaminated with Y. enterocolitica is the 

most common source of human infection worldwide. Y. enterocolitica strains 

found in pigs and pork are indistinguishable from strains found in humans,  
further supporting the association between yersiniosis and consumption of pork 

(Fredriksson-Ahomaa and Korkeala, 2003). There are over 70 serotypes of Y. 

pathogenic serotypes of y. enterocolitica. Most human infections involve 
serotypes O:3, O:5, O:8, and O:9 (Schriefer and Petersen, 2011). Although, O:3 

is the leading serotype, human infections due to Y. enterocolitica, serotype 09 

have been reported from the UK (Wale et al., 1991) Germany (Luedde et al., 

2004), Japan (Moriki et al., 2010), and Poland (Kamińska and Sadkowska-

Todys, 2016). Children are more prone to infection, and serotypes O3 and O:9 

predominated in the Netherlands (Hoogkamp-Korstanje and Stolk-Engelaar, 

1995). In Poland, of 244 cases in 2014, 5.2% were due to O:9 serotype 

(Kamińska and Sadkowska-Todys, 2016). 

Although only 4% of the pigs in the present study were positive for Y. 

enterocolitica, the fact that all belonged to the same serotype O:9 is noteworthy. 
This is in contrast to a study conducted by one of the authors on slaughter hogs in 

Canada (Hariharan, et al., 1995), where majority of the isolates from the tonsils 

belonged  to  serotype O:3. The isolation method used in the present study was 
similar to that used in the Canadian study.  The low isolation rates in natural 

samples may be due to the limited sensitivity of cultural methods (Fredriksson-

Ahomaa and Korkeala, 2003). On the other hand it may be noted that studies on 
tropical pigs are lacking, and it is impossible to make comparisons at present. 

Citrobacter spp. are opportunistic pathogens that are commensal inhabitants of 

the intestines on humans and animals. C. freundii is a potential foodborne 
pathogen which has been implicated in human gastroenteritis, hemolytic uremic 

syndrome, and pigs could be a source (Bai et al., 2012; Liu et al., 2017; Nimri et 

al., 2014; Tschape, et al., 1995). 
Table 1. shows the antimicrobial susceptibility (mean zone diameters and 

interpretation) of four Y. enterocolitica serotype O:9 isolates and control strain 

Escherichia coli. Antimicrobial drugs traditionally used to treat human infection, 
includes cotrimoxazole, doxycycline and chloramphenicol (Stolk-Engelaar et 

al., 1995). Our isolates were susceptible to these drugs, although one isolate 

showed only intermediate susceptibility to tetracycline. Strains resistant to 
ampicillin and cephalothin like ours have been found in slaughter pigs in other 

parts of the world (Terentjeva and Berzins, 2010). All four strains in our study 

were susceptible to third-generation cephalosporins and fluoroquinolones 
(ciprofloxacin), two classes of drugs recommended for Y. enterocolitica infection 

in humans (von Altrock, et al., 2015). 

 

 

Table 1 Antimicrobial susceptibility of four Yersinia enterocolitica serotype O:9 isolates and control strain Escherichia coli  

Antimicrobial drug and disk potency Pig # 25 Pig # 31 Pig # 32 

Pig # 36 

 

 

Control strain: E. 

coli ATCC 25922 

 

 Amoxicillin/clavulanic acid (AMC-30) 9 (R) 14 (I) 12 (R) 20 (S) 20 (S) 

Ampicillin ((AM-10) 0 (R) 10 (R) 0 (R) 12 (R) 21 (S) 

Aztreonam (ATM-30) 35 (S) 40 (S) 39 (S) 25 (S) 32 (S) 

Ceftriaxone (CRO-30) 37 (S) 39 (S) 39 (S) 27 (S) 33 (S) 

Ceftazidime (CAZ-30) 35 (S) 37 (S) 39 (S) 30 (S) 26 (S) 

Cefoxitin (FOX-30) 14 (R) 16 (I) 16 (I) 27 (S) 33 (S) 

Cephalothin (CF-30) 0 (R) 0 (R) 0 (R) 14 (R) 17 (I) 

Chloramphenicol (C-30) 30 (S) 35 (S) 34 (S) 25 (S) 25 (S) 

Ciprofloxacin (CIP-5) 39 (S) 39 (S) 43 (S) 31 (S) 33 (S) 

Gentamicin (GM-10) 27 (S) 31 (S) 31 (S) 23 (S) 20 (S) 

Imipenem (IPM-10) 34 (S) 39 (S) 41 (S) 25 (S) 30 (S) 

Trimethoprim-sulfamethoxazole (SXT-

1.25/23.75) 
31 (S) 34 (S) 36 (S) 24 (S) 22 (S) 

Streptomycin (S-10) 25 (S) 27 (S) 25 (S) 17 (S) 17 (S) 

Tetracycline (TE-30) 19 (S) 27 (S) 27 (S) 18 (I) 21 (S) 

 

CONCLUSION 

 

Our study showed that presently, tropical pigs of Grenada origin are not major 
reservoirs for the pathogenic Y. enterocolitica serotype O:9, we estimated the 

occurrence rate in the throats of pigs in Grenada to be 4.1%. This current study 
also showed that tropical pigs harbor C. freundii another potential pathogen that 

has been associated with human gastroenteritis.  Antimicrobial resistance profiles 

indicated that all isolates of Y. enterocolitica were susceptible to third-generation 
cephalosporins and fluoroquinolones, two classes of antimicrobials recommended 

for the treatment of Y. enterocolitica infection in humans.  

 

Acknowledgements: The authors are thankful to the Board of Trustees of St. 

George’s University for providing funds for the research. 

 

REFERENCES 

 

ARRAUSI-SUBIZA, M., GERRIKAGOITIA, X., ALVAREZ, V., IBABE, J. C., 
& BARRAL, M. 2016. Prevalence of Yersinia enterocolitica and Yersinia 

pseudotuberculosis in wild boars in the Basque Country, northern Spain. Acta Vet 

Scand, 58, 4.  
BAI, L., XIA, S., LAN, R., LIU, L., YE, C., WANG, Y., JIN, D., CUI, Z., JING, 

H., XIONG, Y., BAI, X., SUN, H., ZHANG, J., WANG, L., & XU, J. 2012. 

Isolation and characterization of cytotoxic, aggregative Citrobacter freundii. 

PLoS One, 7(3), e33054.  

BATZILLA, J., ANTONENKA, U., HÖPER, D., HEESEMANN, J., & RAKIN, 
A. 2011. Yersinia enterocolitica palearctica serobiotype O:3/4 - a successful 

group of emerging zoonotic pathogens. BMC Genomics, 12(1), 348.  
BONARDI, S., ALPIGIANI, I., PONGOLINI, S., MORGANTI, M., 

TAGLIABUE, S., BACCI, C., & BRINDANI, F. 2014. Detection, enumeration 

and characterization of Yersinia enterocolitica 4/O:3 in pig tonsils at slaughter in 
Northern Italy. Int J Food Microbiol, 177, 9-15.  

CDC, 2016. Yersinia enterocolitica (Yersiniosis). 

https://www.cdc.gov/yersinia/index.html (accessed 10/16/2018). 
CLSI. (2015). Performance standards for antimicrobial disk and dilution 

susceptibility tests for bacteria isolated from animals; document VET01-S2 (3rd 

ed.). Wayne, PA: Second information supplement, Clinical and Laboratory 
Standards Institute. 

EGUALE, T., GEBREYES, W. A., ASRAT, D., ALEMAYEHU, H., GUNN, J. 

S., & ENGIDAWORK, E. 2015. Non-typhoidal Salmonella serotypes, 
antimicrobial resistance and co-infection with parasites among patients with 

diarrhea and other gastrointestinal complaints in Addis Ababa, Ethiopia. BMC 

Infect Dis, 15, 497.  
FONDREVEZ, M., MINVIELLE, B., LABBE, A., HOUDAYER, C., ROSE, N., 

ESNAULT, E., & DENIS, M. 2014. Prevalence of pathogenic Yersinia 

https://www.cdc.gov/yersinia/index.html


Amadi et al. in Bacterial Empire 

 

 

48  

enterocolitica in slaughter-aged pigs during a one-year survey, 2010-2011, 

France. Int J Food Microbiol, 174, 56-62.  
FREDRIKSSON-AHOMAA, M., & KORKEALA, H. 2003. Low occurrence of 

pathogenic Yersinia enterocolitica in clinical, food, and environmental samples: a 

methodological problem. Clin Microbiol Rev, 16(2), 220-229.  
HARIHARAN, H., & BRYENTON, J. 1990. Prince Edward Island. Isolation of 

Yersinia spp. from cases of diarrhea. Can Vet J, 31(11), 779.  

HARIHARAN, H., GILES, J. S., HEANEY, S. B., LECLERC, S. M., & 
SCHURMAN, R. D. 1995. Isolation, serotypes, and virulence-associated 

properties of Yersinia enterocolitica from the tonsils of slaughter hogs. Can J Vet 

Res, 59(3), 161-166.  
HOOGKAMP-KORSTANJE, J. A., & STOLK-ENGELAAR, V. M. 1995. 

Yersinia enterocolitica infection in children. Pediatr Infect Dis J, 14(9), 771- 

775.  
KAMIŃSKA, S., & SADKOWSKA-TODYS, M. 2016. Yersiniosis in Poland in 

2014. Przegl Epidemiol. , 70(3), 367-374.  

LIU, L., LAN, R., WANG, Y., ZHANG, Y., & XU, J. 2017. Antimicrobial 
resistance and cytotoxicity of Citrobacter spp. in Maanshan Anhui Province, 

China. Front Microbiol, 8, 1357 

LUEDDE, T., TACKE, F., CHAVAN, A., LANGER, F., KLEMPNAUER, J., & 
MANNS, M. P. 2004. Yersinia infection mimicking recurrence of gastrointestinal 

stromal tumor. Scand J Gastroenterol, 39(6), 609-612.  

MARTIN, L., CABANEL, N., LESOILLE, C., MÉNARD, T., & CARNIEL, E. 
2015. Investigation of an unusual increase in human yersinioses in Creuse, 

France. International Journal of Infectious Diseases, 34, 76-78.  

MORIKI, S., NOBATA, A., SHIBATA, H., NAGAI, A., MINAMI, N., 
TAKETANI, T., & FUKUSHIMA, H. 2010. Familial outbreak of Yersinia 

enterocolitica serotype O9 biotype 2. J Infect Chemother, 16(1), 56-58.  
NIMRI, L., ABU AL-DAHAB, F., & BATCHOUN, R. 2014. Foodborne 

bacterial pathogens recovered from contaminated shawarma meat in northern 

Jordan. J Infect Dev Ctries, 8(11), 1407-1414.  
OXOID LIMITED, 2018. Yersinia selective agar base CM0653 and Yersinia 

selective supplement SR0109. 

http://www.oxoid.com/UK/blue/prod_detail/prod_detail.asp?pr=CM0653&c=UK
&lang=EN (Accessed 10/22/2018). 

SCHIEMANN, D. A., & FLEMING, C. A. 1981. Yersinia enterocolitica isolated 

from throats of swine in eastern and western Canada. Can J Microbiol, 27(12), 
1326-1333.  

SCHRIEFER, M. E., PETERSEN, J. M. 2011. Yersinia. Manual of Clinical 

Microbiology 10th edition Volume. ASM Press, Washington DC. Pp 627-638. 
SINGH, I., BHATNAGAR, S., & VIRDI, J. S. 2003. Isolation and 

characterization of Yersinia enterocolitica from diarrhoeic human subjects and 

other sources. Current Science, 84(10), 1353-1355.  
STOLK-ENGELAAR, V. M., MEIS, J. F., MULDER, J. A., LOEFFEN, F. L., & 

HOOGKAMP-KORSTANJE, J. A. 1995. In-vitro antimicrobial susceptibility of 

Yersinia enterocolitica isolates from stools of patients in The Netherlands from 
1982-1991. J Antimicrob Chemother, 36(5), 839-843.  

TERENTJEVA, M., & BERZINS, A. 2010. Prevalence and antimicrobial 

resistance of Yersinia enterocolitica and Yersinia pseudotuberculosis in slaughter 
pigs in Latvia. J Food Prot, 73(7), 1335-1338.  

TSCHAPE, H., PRAGER, R., STRECKEL, W., FRUTH, A., TIETZE, E., & 

BÖHME, G. 1995. Verotoxinogenic Citrobacter freundii associated with severe 
gastroenteritis and cases of haemolytic uraemic syndrome in a nursery school: 

green butter as the infection source. Epidemiology and infection, 114(3), 441-

450.  
VALENTIN-WEIGAND, P., HEESEMANN, J., & DERSCH, P. 2014. Unique 

virulence properties of Yersinia enterocolitica O:3 – An emerging zoonotic 

pathogen using pigs as preferred reservoir host. International Journal of Medical 
Microbiology, 304(7), 824-834.  

VAN DAMME, I., BERKVENS, D., VANANTWERPEN, G., BARÉ, J., HOUF, 

K., WAUTERS, G., & DE ZUTTER, L. 2015. Contamination of freshly 
slaughtered pig carcasses with enteropathogenic Yersinia spp.: Distribution, 

quantification and identification of risk factors. International Journal of Food 

Microbiology, 204, 33-40.  
VON ALTROCK, A., SEINIGE, D., & KEHRENBERG, C. 2015. Yersinia 

enterocolitica Isolates from Wild Boars Hunted in Lower Saxony, Germany. 

Appl Environ Microbiol, 81(14), 4835-4840.  
WALE, M. C. J., LIDDICOAT, A. J., & PETHER, J. V. S. 1991. Yersinia 

enterocolitica biotype 2 serotype O9 septicaemia in a previously fit man, raw 

goats' milk having been the apparent vehicle of infection: A cautionary tale. 

Journal of Infection, 23(1), 69-72. 

 


