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Abstract.  The increasing global trend of antimicrobial resistance (AMR), 
especially in pig production, can pose a threat to human health.  The study 
investigated the prevalence of AMR in Escherichia coli and Salmonella serovars 
from farm pigs in central Thailand.  E. coli and Salmonella serovars from pig stool 
specimens were identified by standard methods, susceptibility to antimicrobials 
by the disk agar diffusion method and pathogenic E. coli virulence genes by 
multiplex PCR.  E. coli isolates harboring astA were the most predominant 
(27%), followed by eaeA (9%).  E. coli isolates with virulence genes were present 
significantly more in pigs with loose stool (70%) than those with normal stool 
(40%) (p-value <0.001).  The overall prevalence of Salmonella sp isolates in pigs 
was 44.3%, with S. Agona serovar predominant (27%).  E. coli and Salmonella 
sp isolates demonstrated predominant resistance to penicillin (71 and 79% 
respectively), followed by tetracycline (67.5 and 73.1%), then streptomycin (52 
and 51%), and sulfonamide (45 and 36%), with multidrug resistance (MDR) 
(≥3 antimicrobial classes) in 66 and 74% E. coli and Salmonella sp isolates, 
respectively.  E. coli harboring a single astA was significantly associated with 
MDR phenotype compared to those without any virulence gene (odds ratio = 
2.16, 95% confidence interval: 1.09-4.29).  In conclusion, the study indicates that 
farm pigs in central Thailand could be potential sources of foodborne MDR E. 
coli and Salmonella sp.  
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INTRODUCTION

Pathogenic Escherichia coli and 
Salmonella spp are zoonotic pathogens, 
which cause foodborne infections of 
major public health concern (Tauxe et 
al, 2010; Tadee et al, 2015).  Bacteria with 
and without antimicrobial resistance 
(AMR) are frequently found in farm 
pigs and porcine production system, 
resulting in infection of both animals 
and humans (Chlebicz and Slizewska, 
2018; Zhang et al, 2019). 

Several pathogenic E. coli strains 
cause diarrhea in farm pigs resulting 
in morbidity and mortality, which 
can lead to significant economic loss 
(Fairbrother et al, 2005; Nagy and Fekete, 
2005).  Pathogenic E. coli strains are 
classified into seven major pathotypes 
based on their virulence factors, 
clinical manifestations of disease, 
epidemiology,  and phylogenetic 
profile, namely, 1) enteropathogenic 
E. coli (EPEC), 2) enterohemorrhagic  
E. coli (EHEC) or Shiga toxin-producing 
E. col i  (STEC) or  verocytotoxin-
producing E. coli, 3) enteroinvasive 
E. coli (EIEC), 4) enteroaggregative  
E. coli (EAEC), 5) enterotoxigenic  

E. coli (ETEC), 6) diffusely adherent  
E. coli (DAEC), and 7) adherent invasive 
E. coli.  Human infections from EIEC, 
atypical  EPEC, ETEC, and STEC 
present in animal reservoirs stem from 
fecal/oral transmission, direct contact 
and/or consumption of contaminated 
recreation/drinking water (Croxen et 
al, 2013). 

Farm pigs constitute reservoirs 
of pathogenic E. coli and Salmonella 
spp that can cause severe illness in 
humans (Mathole et al, 2017; Chlebicz 
and Slizewska et al, 2018).  In addition 
to treating infected-farm animals, 
antibiotics are widely used to prevent 
microbial infection and enhance animal 
growth, resulting in rapid development 
of AMR bacteria that adversely affect 
food safety.  In addition, antimicrobial 
resistance genes can be disseminated to 
other intestinal microorganisms (Lay et 
al, 2012; WHO, 2014). Several virulence 
genes, eg, eae, F4, lt, stx, and stx2, are 
present in diarrheal pigs (Bessone et 
al, 2017).

C u r r e n t l y ,  l a r g e - s c a l e  p i g 
farms for breeding, fattening and 
provision of pork and pork products 
are widely distributed in central 
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Thailand, particularly in suburban 
areas surrounding cities, including 
Bangkok Metropolitan region, owing 
to convenience in transporting pork 
products to the main markets and ready 
access to pig feed (Thanapongtharm et 
al, 2016).  In Pathum Thani Province, 
adjacent to Bangkok, pig commercial 
farming consists of 3 major types 
of pig farming system.  Those are 
finishing systems (66.2%), followed 
by small-holders system (26.5%) and 
breeding systems (7.3%).  About half 
(50.8%) of pig farms in Thailand are 
small scale holdings raising 50-500 pigs 
per farm (Department of Livestock 
Development, 2020).  Moreover, a 
study reported antibiotic use mostly 
in  f inishing farms (68 .5%),  and 
commercial farms (62.1%) (Lekagul et 
al, 2020).  If AMR bacteria are prevalent 
in a pig farm, there is a high chance 
of these bacteria being transmitted to 
other pig farms, those working on the 
farms and ultimately to consumers, 
resulting in outbreaks. 

Data on virulence genes and AMR 
in E. coli  and Salmonella  serovars 
in central Thailand are scarce even 
t h o u g h  t h e r e  h a ve  b e e n  m a n y 
reports in other parts of the country 
(Dawangpa et al, 2022).  Thus, this 
study investigated prevalence of  
E. coli strains and Salmonella serovars, 
presence of virulence genes and their 
antibiograms in farm pigs specifically 
from finishing system in Pathum 
Thani Province, central Thailand 
following the evidence of prominent 

antibiotic use in pig farm as mentioned 
earlier.  The findings can specify 
antibiograms in this area where pig 
farming is overwhelmed to indicate 
the level of risk to human.  A regular 
monitoring based on the findings 
could be performed in order to control 
and prevent the risk in transferring 
affected bacteria from swine to human 
as an ultimate goal.  

MATERIALS AND METHODS

Study sites

The study sites were located in 
Muang Pathum Thani and Klongluang 
Districts, Pathum Thani Province, 
central Thailand, where there is a high 
density of small-scale pig farms (50-500 
pigs per farm) (Thanapongtharm et 
al, 2016).  Pig stool specimens were 
collected in July 2015. 

Sample size calculation

Based on an estimated prevalence 
of 50% (highest value), the required 
sample size to obtain 10 % absolute 
precision and 95 % significance is 
calculated to be 96 samples (Thrusfield, 
2005).  A two-stage cluster sampling 
was performed and the required 
sample size for multi-stage sampling 
is twice the calculated sample size 
using the usual design effect of cluster 
sampling (2.0) (WHO, 2005), resulting 
in a minimum sample size calculation 
of 192 samples within 20 clusters, 
regarded as the minimum number of 
clusters.  Pig fecal samples (n = 10-12) 
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were randomly collected from each 
farm (n = 20) (WFP, 2004).

Samples collection

Pig farms were randomly chosen 
for the study.  Fattening pigs were 
se lec ted  s tudy animals  as  they 
constitute the major source of bacterial 
transmission to humans.  At each farm, 
pigs (n = 2) from pens (n = 5) were 
randomly selected, and each pig was 
handled according to the 3Rs (Fenwick 
et al ,  2009) to reduce stress.  Pig 
defecation were stimulated manually 
(gloved hands) and approximately 
10-20 g of stool were collected per 
animal (which was then marked to 
avoid duplicate stool collection).  Each 
stool sample was placed in a covered 
container, immediately placed on 
ice and transferred to the laboratory 
within 6 hours for bacterial isolation.  
Loose stool is defined as liquid stool 
with no solid form at the time of 
specimen collection.

Study protocols were approved 
by the Institutional Animal Ethics 
Committee, Thammasat University 
(pro ject  no .  008/2558) .   Al l  p ig 
farm owners were provided with 
information regarding the study, and 
prior written informed consent was 
obtained from each farm owner. 

Isolation and identification of E. coli 
and Salmonella sp

Pig fecal samples were directly 
steaked onto MacConkey (MC) agar 
(Nissui, Tokyo, Japan) for isolation 

of E. coli.  Suspected typical colonies 
positive for lactose fermentation on 
MC were picked and further inoculated 
into Triple Sugar Iron and Indole-
Methyl red-Voges Proskauer-Citrate 
(IMViC) solutions for biochemical 
confirmation of E. coli (Adams and 
Moss (2000).  For isolation of Salmonella 
sp, the same samples were placed in 
Buffer-Peptone-Water (BPW) solution 
(Oxoid Ltd,  Basingstoke,  United 
Kingdom) and incubated at 37°C for 
18-24 hours.  Then an aliquot of each 
culture was transferred onto modified 
semi-solid Rappaport Vassiliadis 
(MSRV) agar (Oxoid Ltd, Basingstoke, 
United Kingdom) (Suthienkul et al, 
1995).  For biochemical confirmation, 
the swarming growth on MSRV isolates 
were selected from each individual 
sample  for  fur ther  b iochemical 
identification using the Triple Sugar 
Iron (Oxoid Ltd, Basingstoke, United 
Kingdom),  Lysine-Indole Moti le 
(Oxoid Ltd,  Basingstoke,  United 
Kingdom), and urease tests (Oxoid Ltd, 
Basingstoke, United Kingdom) (Adams 
and Moss, 2000).  Cultures identified 
as Salmonella  were subsequently 
serotyped as described below.  Each  
E. coli and Salmonella isolate was kept 
as stocks in 20 % glycerol at -80°C until 
used.

Salmonella serotyping

S a l m o n e l l a  s e r o g r o u p s  we r e 
determined using polyvalent antisera 
against O and H antigens (Serotest 
Reagent Inc, Bangkok, Thailand).  
Salmonella serovars were confirmed 
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by the WHO National Salmonella and 
Shigella  Center, National Institute 
of Health, Department of Medical 
Sciences at Ministry of Public Health, 
Nonthaburi Province, Thailand.

Pathogenic E. coli virulence genes 
determination  

DNA was isolated from E. coli 
isolate using a boiling method (Peng 
et al, 2013).  In brief, test E. coli isolate 
was grown in Luria-Bertani (LB) broth 
(Difco, Detroit, MI) at 37°C for 18-24 
hours.  Then, one ml aliquot of culture 
was sedimented and pellet washed 
with TE buffer (Takara Bio Inc, Shiga, 
Japan) and then boiled at 100°C for  
10 minutes.  The tube was immediately 
placed on ice for 5 minutes and DNA 
pelleted by centrifugation at 10,000 × g 
for 2 minutes.  DNA was dissolved in 
0.2 ml of TE buffer and stored at -20°C 
until used.

Determination of E. coli virulence 
genes was performed using a multiplex 
PCR method employing 10 sets of 
primers to amplify the following 
virulence genes: DAEC aidA, EAEC 
astA, EHEC eaeA and stx2A, EPEC eaeA 
and paa, and ETEC F4, F5, F41, lt, and 
stp (Table 1).  For detection of eaeA, lt, 
stp, and stx2A, PCR mixture contained 
1X PCR buffer (Promega, Madison, WI),  
2 mM MgCl2, 0.2 mM dNTP mixture,  
0.5 µl of each primer (0.5 mM), 1.25 U 
Taq polymerase (Promega, Madison, 
WI), 10 µl of DNA template, and 
deionized water to make up final 
volume (50 µl).  Thermocycling was 

carried out in a Px2 Hybrid Thermal 
Cycler (Thermo Fisher Scientific, 
Waltham, MA) as follows: 95°C for 
5 minutes; 35 cycles of 95°C for 60 
seconds, 52°C for 60 seconds and 72°C 
for 60 seconds; with a final step of 
72°C for 5 minutes (Pachanon et al, 
2013).  For detection of aidA, astA, F4, 
F5, F41, and paa, the reaction mixture 
contained 10X PCR buffer (Promega, 
Madison, WI),  1 mM dNTPs, 0.4 
pmol of each primer except 0.8 pmol  
each of EAST1-F and EAST1-R, 2.5 U 
of Taq polymerase (Promega, Madison, 
WI),  3 µl of  DNA template,  and 
deionized water to make up final 
volume (50 µl).  Thermocycling was 
carried out as described above but 
with the following conditions: 95°C 
for 5 minutes; 30 cycles of 95°C for 30 
seconds, 57°C for aidA, astA and paa or 
61°C for F4, F5, and F41 for 30 seconds 
and 72°C for 60 seconds; with a final 
step of 72°C for 7 minutes (Lee et al, 
2008; Prapasawat et al, 2017).

Amplicons (Table 1) were separated 
by 2.0% agarose gel-electrophoresis 
and visualized by staining with 
GelRedTM dye (Thermo Fisher Scientific, 
Waltham, MA) and recorded with 
a PrepOneTM system (Embi Tec, San 
Diego, CA).

Antibiogram profiling

Antimicrobia l  suscept ib i l i ty 
wa s  d e t e r m i n e d  u s i n g  a  d i s k 
diffusion method according to the 
Clinical and Laboratory Standards 
Institute’s guidelines (CLSI, 2013), 
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with disks containing the following 
antimicrobials (Becton Dickinson, 
Frankl in  Lakes ,  NJ) :  ampic i l l in  
( A M ,  1 0  µ g ) ,  c h l o r a m p h e n i c o l  
(C, 30 µg), cefotaxime (CTX, 30 µg), 
ceftazidime (CAZ, 30 µg), doxycycline 
(D, 30 µg), gentamicin (GM, 10 µg), 
kanamycin (KAN, 30 µg), nalidixic acid 
(NA, 30 µg), streptomycin (S, 10 µg),  
su l famethoxazole - t r imethopr im  
(SXT, 1.25/23.75 µg), and tetracycline 
(TE, 30 µg).  E. coli ATCC 25922 was 
used as reference strain.  Multidrug 
resistance (MDR) is defined as an 
isolate resistant to three or more 
separate classes of antimicrobials 
(Magiorakos et al, 2012).

Statistical analysis

Prevalence of virulence genes in  
E. coli and Salmonella sp were compared 
using Chi-square or Fisher’s exact 
tests at 5% significance.  Odds ratio of 
virulence gene profile in MDR isolate 
is calculated using R ver. 3.3.0 (R 
Foundation for Statistical Computing, 
Vienna, Austria).

RESULTS

Prevalence of E. coli and Salmonella 
sp in farm pig stool samples

From suspected isolates (n = 1,157) 
from 235 pig stools (189 normal and 
46 loose) randomly collected from 20 
farms in central Thailand, 930 (80.4%) 
isolates were biochemically confirmed 
to be E. coli, a prevalence in stool 
samples of 97% (229/235).  Positivity 

rate of E. coli detection in normal and 
loose stool was 97 (183/189) and 100% 
(46/46) respectively 

Of 394 suspected isolates, 260 
(66.0%) were confirmed to be Salmonella 
sp, a prevalence in stool samples 
of 44% (104/235).  Positivity rate of 
Salmonella sp detection in normal and 
loose stool was 42% (80/189) and 52% 
(24/46) respectively.  Predominant 
Salmonella  serovar was S. Agona, 
followed by S. 4,5,12:i:-, then S. Rissen, 
and S. Anatum (Table 2).  Prevalence of 
S. Agona in loose stool is significantly 
higher compared to that in normal 
stool (p-value <0.01), but the converse 
relationship was observed for the other 
three predominant Salmonella serovars 
(p-value >0.1).

AMR among E. coli and Salmonella 
sp isolates

E. coli and Salmonella sp isolates 
were tested for their resistance to eleven 
antimicrobials from seven classes, the 
majority of E. coli and Salmonella sp 
isolates being resistant to penicillin  
(61-80%), followed by tetracycline group 
(39-75%), then quinolone (nalidixic 
acid)  (29-42%),  chloramphenicol  
(25-62%) and sulfonamide (21-47%), 
with lowest resistance to cephalosporin 
(ceftazidime) (4-29%) (Table 3).  Loose 
stools had, on the whole, higher rates 
of AMR compared to normal stools.  
There is no statistical difference in 
antimicrobial resistance among E. coli 
isolates with and without virulence 
genes in both normal and loose stools. 
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E. coli and Salmonella sp isolates 
demonstrated a similar pattern of drug 
resistance: no resistance, 17 and 14%; 
resistance to one class of antimicrobials, 
8 and 6% (6/104), resistance to two 

classes of antimicrobials, 9 and 6%; 
and MDR, 66 and 74%, respectively 
(Fig 1).

MDR was present in 74% (77/104) 
of Salmonella serovars.  However, MDR 

Table 2

Prevalence of Salmonella serovars from fecal samples of farm pigs, Pathum Thani 
Province, central Thailand (July 2015)

Salmonella serovar Number of Salmonella serovars (%)

Total
(N = 104)

Normal stool 
(N = 80)

Loose stool
(N = 24)

S. Agona 28 (27) 16 (20) 12 (50)

S. 4,5,12:i:- 16 (15) 14 (17.5) 2 (9)

S. Rissen 15 (14) 14 (17.5) 1 (4)

S. Anatum 13 (12) 11 (14) 2 (9)

S. Kentucky 5 (5) 4 (5) 1 (4)

S. Kedougou 4 (4) 4 (5) 0 (0)

S. Give 4 (4) 4 (5) 0 (0)

S. Schwarzenground 4 (4) 3 (4.5) 1 (4)

S. Stanley 3 (3) 3 (4.5) 0 (0)

S. Braenderup 2 (2) 1 (1) 1 (4)

S. Derby 2 (2) 2 (2) 0 (0)

S. 1,3,19 :-:1w 1 (1) 1 (1) 0 (0)

S. 4,3,19:i:- 1 (1) 0 (0) 1 (4)

S. 6,7:-: enz15 1 (1) 0 (0) 1 (4) 

S. Indiana 1 (1)  1 (1) 0 (0)

S. Livingstone 1 (1) 1 (1) 0 (0)

S. Mbandaka 1 (1) 0 (0) 1 (4)

S. Newport 1 (1) 1 (1) 0 (0)

S. Weltevreden 1 (1) 0 (0) 1 (4)
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prevalence of S. Agona, 82% (23/28), is 
not significantly different to the other 
serovars, 71% (54/76) (Table 4).

E. coli carriage of virulence genes

E. coli  isolates (n =  265) were 
analyzed for presence of 10 virulence 
genes using multiplex PCR, results 
i n d i c a t i n g  1 0 8  ( 4 1 % )  i s o l a t e s 
harbored these genes, with 82 (76%),  
23 (21%) and 3 (3%) isolates carrying 

a single gene,  two different and 
three different genes, respectively  
(Table 5).  Among the virulence genes, 
astA was the most prevalent among 
all isolates, 27% (71/265), followed 
by eaeA, 9% (24/265).  E. coli isolates 
that possessed a single astA had a 
significantly higher MDR prevalence 
(79%, 48/61)  than those without 
any virulence gene (63%, 99/157,  
p-value = 0.027) (Table 5). 

Fig 1 - Percent antimicrobial-resistant Escherichia coli (n = 265) and Salmonella sp (n = 104) 
isolates from fecal samples of farm pigs, 
Pathum Thani Province, central Thailand (July 2015)
Note: Antimicrobial susceptibility was determined using a disk diffusion method 
against 11 antibiotics from 7 antimicrobial classes (CLSI, 2013).
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DISCUSSION

The prevalence of E. coli (97%) 
and Salmonel la  sp (44%) in farm 
pig stools from central Thailand 
demonstrated in this study were 
higher than those found elsewhere 
in Thailand with the prevalence of  
E. coli accounting for 48-89% (Hanson 
et al, 2002; Sudatip et al, 2022), and 
2-30% in Salmonella (Hanson et al, 2002; 
Tadee et al, 2014), and even in organic 
farm pigs where the prevalence of 
Salmonella accounted for 33% (Tadee et 
al, 2021).  Variation of the prevalence 
could be accounted by differences 
in type of farming, geographical 
area, environment, and detection 
method (Wales et al, 2011; Gotter et 
al, 2012).  As regards to Salmonella 
serovars, there were differences in 
the predominant serovars detected 
in the present study compared to 
previous studies, namely, S. 4,5,12:i:-, 
S.  Rissen,  and S.  Anatum being 
the main serovars in pig and pork 
products in earlier work (Chuanchuen 
et al, 2008; Tadee et al, 2014), while  
S. Agona was the predominant serovar 
in the present study.  Prevalence of  
S. Agona isolates in pigs with loose 
stool is significantly higher compared 
to that  in  normal  stool  (p-value 
<0.01).  It is worth noting that the 
predominant Salmonella  serovars 
present in farm pigs are generally 
mirrored by those detected in humans 
in the same region and similar period 
of investigation (Bangtrakulnonth et 
al, 2004; Ke et al, 2014).

The predominant virulence astA 
gene in E. coli from farm pig stools in 
the current study is associated with 
EAEC, responsible for persistent 
diarrhea among children as EAEC 
can evade the host immune system 
causing persistent infection, and, 
in addition, astA can be present in 
other diarrheagenic E. coli strains 
(Yatsuyanagi et al, 2003) and be found 
in both cl inical  and non-clinical 
settings (Zhang et al, 2016).  In the 
present study astA was also present 
together  with one or  two other 
virulence genes, posing a potential 
risk of virulent infections in humans 
and animals (Trongjit et al, 2016) and 
dispersion of these highly pathogenic 
microorganisms into the environment, 
as reported in Thailand (Dawangpa 
et al, 2022), Southeast Asia (Lay et al, 
2021) and Canada (Magaña-Lizárraga 
et al, 2022).  The present finding of astA 
presence in normal and loose stools has 
been previously observed (Prapasawat 
et al, 2017).  The present study shows 
that  AMR E. col i  harboring  astA 
was 2-fold more frequent that those 
without any virulence genes.  Further 
investigations on the relationships 
among carriage of virulence genes, 
pathogenicity and AMR phenotypes of 
E. coli from pig stools are warranted. 

As regards E. coli AMR phenotypes, 
our f indings were in agreement 
with a previous report (Strom et al, 
2017) from pig farms in Northeastern 
Thailand, which shows a similar range 
in resistance rates to C (39.1-58%), CAZ 



339

FARM PIG ANTIMICROBIAL RESISTANCE IN THAILAND

Vol 53 No.3  May 2022

(3.7-4.3%) and NA (20.2-30.8%), but 
significantly higher resistance rates 
to AM (69.6-85.2%), S (37.6-76.5%), 
SXT (42-84%), and TE (75.3-86.3%), 
and lower resistance rates to CTX 
(1.2-1.4%) and GM (7.4-11.4%).  Such 
differences may be attributed to 
variations in sample size (Love et 
al, 2015), differences in farm types 
(Strom  et al ,  2017) and extents of 
antimicrobials administration (Burow 
et al, 2014).  A recent study in central 
region of Thailand reported 100% MDR 
E. coli in fattening pigs and piglets, 
particularly 100% resistance to AM and 
TE (Dawangpa et al, 2022). 

Comparison between Salmonella 
sp isolated from pig farms in this 
study with those collected around 
the country by the National Institute 
of Animal Health in Bangkok from 
2003 to 2005 shows similar resistance 
rates to C (25-45.8%), GM (12.5-33.3%) 
and TE (72.5-75%), but overall MDR 
rate is higher (74%) (Chuanchuen et 
al, 2008).  Compared to the present 
study, Salmonella sp isolates from farm 
pigs in northern Thailand from 2011 
to 2013 demonstrate no differences 
in resistance rates to AM (75-80%), C 
(25.0-45.8%), CTX (16.3-41.7%), SXT 
(20.8-41.3%), and TE (72.5-75.0%), but 
lower resistance rate to S (48.8-70.5%) 
and higher resistance rate to NA (28.8-
41.7%) (Tadee et al, 2014).  The reasons 
for these differences are probably 
similar to those described above for E. 
coli.  However, our findings were not 
able to indicate prevalence of MDR 

Salmonella sp isolates in pork samples 
during the period 2014-2017, which 
has been shown to range 29.3-44.0% 
(Wongsrichai et al, 2021).

The study suffered from two major 
limitations.  Firstly, there was a lack 
of information on antimicrobial use in 
the study pig farms and the addition 
of antimicrobials to feed is prohibited 
in the country (Thamlikitkul et al, 
2015). Guidelines for antimicrobial 
use in pig farming are well established 
and described in the Notification 
of the Ministry of Agriculture and 
Cooperatives, which followed the 
most updated law for controlled drugs 
in animals as indicated in the Ministry 
of Public Health’s announcement 
(Ministry of Public Health, 2019).  
Secondly, identification of E. coli 
virulence genes from farm pig stool 
was limited only to 10 main genes and 
their relationship with pathogenicity 
in the host was not investigated, only 
their association with antibiogram 
profiles.

In summary, the study reveals the 
high prevalence of E. coli virulence 
astA and S. Agona serovar in stool 
of farm pigs in central Thailand, 
and finds no association between 
the presence or absence of virulence 
genes and antibiogram profiles in 
E. coli.  Monitoring of antimicrobial 
resistance in farm pig is crucial for 
early detection of resistant strains to 
enable appropriate and timely control 
of foodborne zoonotic pathogens.  
Future research should focus on 
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the development of whole genome 
sequencing to identify all virulence 
genes in commensal and pathogenic 
bacteria and determination their 
importance to human and farm animal 
health.  Routine survey of prevalence 
of antimicrobial resistance and of 
virulence genes in foodborne pathogens 
will contribute to an understanding 
of the dynamics of antimicrobial 
resistance and virulence genes in 
pathogenic bacterial populations to 
enable development of model(s) for 
prediction of possible outbreaks of 
foodborne infections in various regions 
of the country. 
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