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Decadal trends in antimicrobial susceptibility of Escherichia coli and 
Salmonella spp. in chicken from small-scale farm shops in Kandy 
district, Sri Lanka 

Abstract: E. coli and Salmonella spp. are two important 
foodborne pathogens that rapidly develop antimicrobial 
resistance (AMR) and frequently contaminate animal products, 
particularly chicken meat. In Sri Lankan small scale poultry 
operations, substandard hygienic practices are common. The 
current study reports and compares two consecutive studies 
conducted in 2010-2011 and 2020-2021, which investigated 
AMR E. coli and Salmonella spp. contamination in chicken 
meat sold at small-scale farm shops in the Kandy district, 
Sri Lanka. The first study included 72 chicken meat samples 
collected from 10 out of the 20 divisional secretariat divisions 
(DSDs), while the second study included 37 meat samples from 
the same DSDs, collected 10 years later. Salmonella spp. and 
E. coli were isolated and identified, and AMR profiles were 
obtained using disc diffusion assay and CLSI guidelines. The 
first study reported 100% E. coli contamination in chicken meat, 
but a decade later, the percentage had significantly decreased to 
70.3%. In both studies, E. coli isolates demonstrated resistance 
to more antimicrobials than Salmonella isolates, and the 
proportion of multidrug-resistant (MDR) E. coli isolates (defined 
as resistance to five or more antimicrobials) was higher than 
that of the Salmonella spp. isolates. Significantly lower MDR 
E. coli isolates were detected in the recent study. However, 
tetracycline resistance among E. coli isolates was higher 
compared to the previous study. Despite these improvements, 
the contamination level of chicken meat in small-scale retail 
shops remains concerning. Therefore, it is crucial to promote 
prudent antimicrobial use and ensure proper food processing 
practices at all levels of production in Sri Lanka.

Keywords: Antimicrobials, chicken, E. coli, meat, resistance 
Salmonella spp. 

Introduction

Food safety is a growing public health concern worldwide, 
owing to the rising numbers of foodborne illness (FI) 
cases and the demand to meet food standards to ensure 
consumer safety (Gizaw, 2019). Foodborne illnesses 
cause significant morbidity and mortality, posing a 
noteworthy influence in terms of the cost of medical 
care, resulting in a substantial loss of productive hours 
for the nation (Newman et al., 2015a; 2015b). Even in 
the United States, where the food supply is considered 
one of the safest in the world, 48 million cases of FI occur 
each year (Huffaker & Hartmann, 2021). However, these 
numbers are considered an underestimation, because 
milder cases are often undiagnosed and thus unreported 
(Todd, 2014). The scenario with FI is even worse in 
developing countries, because no proper surveillance 
system is in place and thus reported cases might only be 
the tip of the iceberg (Grace, 2015). Among FI caused 
by known agents, bacteria continue to be a major cause 
of foodborne diseases worldwide (Bintsis, 2017). As a 
result qualitative or quantitative assessments of bacteria 
have been a priority in meeting food safety standards. 
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Escherichia coli (E. coli) and Salmonella spp. are 
major foodborne pathogens that have been prioritized 
in all food safety standards (Abebe et al., 2020). 
According to the Center for Disease Control and 
Prevention (CDC), pathogenic E. coli is one of the top 
five pathogens responsible for domestically acquired FI 
resulting in hospitalization, while Salmonella spp. (non-
typhoidal) is among the top five pathogens resulting 
both hospitalization and death (CDC, 2011). Both these 
pathogens share some common features such as the 
source of infection, pathogenicity, and development of 
resistance against antimicrobials. E. coli and Salmonella 
spp. are found colonized in intestinal tracts of a variety 
of wild and domestic animals, especially farm animals. 
Therefore contaminated food of animal origin has been 
identified as the main source of infection (Heredia & 
García, 2018). Upon infection, these pathogens often 
cause mild to moderate self-limiting enteritis unless it 
is complicated or progresses into an invasive condition 
which may be fatal (Croxen et al., 2013; Marchello 
et al., 2022). Moreover, due to the intensive use of 
antimicrobials in farming, these pathogens demonstrate 
an increased rate of acquired resistance against commonly 
used antimicrobial agents (Frye & Jackson, 2013). 
Additionally, these pathogens carry multidrug resistant 
determinants that can be disseminated via horizontal 
and vertical transfer (Card et al., 2017; Li et al., 2021). 
Further, contaminated poultry meat has identified to 
be an important source of transmitting these pathogens 
(Heredia & García, 2018). 

	 Chicken meat is the most consumed meat variety in Sri 
Lanka and the per capita consumption has significantly 
increased during the past few decades (Alahakoon et al., 
2016). The popularity of chicken meat is primarily due to 
the absence of cultural or religious obstacles, availability 
in retail markets and relatively low cost. Previous studies 
conducted in Sri Lanka have demonstrated substantial 
contamination of chicken eggs and meat with E. coli and 
Salmonella spp. (Kalupahana et al., 2017; Kulasooriya et 
al., 2019). 

	 Different scales of poultry operations function 
within Sri Lanka and their management practices are 
diverse. Even though large-scale companies release 
quality-certified branded chicken meat to the market, 
a considerable fraction of meat consumers prefer 
purchasing fresh chicken meat from small-scale retail 
shops. Generally, the chicken sold in these small-scale 
farm shops is processed in facilities not designed as 
processing plants, where slaughtering and evisceration 
are done manually and mostly on-site. Like in many other 
developing countries, hygienic practices in these small 

scale retail meat shops are often below the standards 
and function with minimum resources. Therefore, the 
potential of meat getting contaminated with foodborne 
pathogens is relatively high. Meat contamination with 
bacteria found in animal guts and the presence of AMR 
strains can be used to assess operational hygiene at both 
the production and processing levels. It was hypothesized 
that substandard processing practices in small scale farm 
shops would increase contamination of chicken meat 
with foodborne E. coli and Salmonella spp.. Additionally, 
these bacteria might exhibit resistance to antimicrobials 
commonly used in veterinary practice. Therefore, two 
investigations were done 10 years apart to reveal the 
level of E. coli and Salmonella spp. contamination in 
chicken meat sold at small scale shops in the Kandy 
district, Sri Lanka and the antimicrobial susceptibility of 
these contaminants.

Materials and methods

Study area and sampling design

The two investigations were done in 2010-2011 and 
2020-2021 in Kandy district, one of the most densely 
populated districts of Sri Lanka. The Kandy district 
consists of 20 divisional secretariat divisions (DSDs). To 
address the variation in population density among DSDs 
(the number of meat retail shops varies accordingly) and 
to increase the precision of the study, the DSDs of Kandy 
district were considered as strata.

	 Only the small scale ‘farm shops’ were sampled to 
avoid selection bias, and to maintain uniformity among 
sampling sites. In Sri Lanka, a ‘farm shop’ is typically 
a small scale retail shop where fresh or frozen and 
thawed poultry carcasses are sold by keeping them in 
display units at 10-15°C. Most of these shops sell only 
poultry products such as whole carcasses, cuts, poultry 
visceral organs, eggs, and the value-added products such 
as sausages, meatballs, etc. However, some farm shops 
may also sell food products from other animals (dried 
fish, canned fish, etc.) and food products of non-animal 
origin. These farm shops are often found in the centre 
of a town and, besides, they can be found scattered in 
certain streets in larger towns.

	 As reliable data on the number of farm shops in each 
DSD was unavailable, the sample size was calculated 
based on an estimated 150 farm shops in the study 
area. Assumptions included a 90% prevalence of E. 
coli contamination in chicken meat, a 95% confidence 
interval, and a 5% margin of error. This resulted in a 
required sample size of 73 farm shops for investigation. 
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It was assumed that population densityis proportional to 
the farm shops available in each DSD. The top five DSDs 
based on the population were selected purposefully and 
the remaining 5 were picked randomly using Minitab 
software. In the 2010-2011 investigation, chicken 
meat samples were collected from 72 small-scale farm 

shops across 10 DSDs (Figure 1). In the 2020-2021 
investigation, efforts were made to collect samples from 
the same geographical locations. However, only 37 farm 
shops could be sampled due to permanent shop closures, 
COVID-19 restrictions, and financial limitations.

Selected divisional secretariat 
divisions

Main population centre
Number of farm shops sampled

 2010-2011 investigation  2020-2021 investigation

Gangawatakorale Kandy 20 5

Udapalatha Gampola 13 5

Akurana Akurana 9 5

Harispattuwa Katugastota 9 5

Pasbagakorale Nawalapitiya 6 5

Yatinuwara Pilimathalawa 3 3

Udunuwara Gelioya 3 *

Pathahewaheta Thalathuoya 3 3

Madadumbara Theldeniya 3 3

Kundasale Kundasale 3 3

Total   72 37

Table 1:	 Number of farm shops sampled from the main population centre of the selected DSDs during each investigation 

*No sampling was done

Sample collection

In Sri Lanka, traditionally, the central market/main 
stall complex is located adjacent to the central bus 
stand. Therefore, sampling was performed in the main 

population centre of each DSD starting from the farm 
shop proximal to the central bus stand and continued 
along the main street until the required sample size was 
fulfilled. The number of farm shops sampled in the main 
centre of each DSD is shown in Table 1. 

 

  

  

  

  
  
  
  
  
  
  
  
  

Only the small scale ‘farm shops’ were sampled to avoid selection bias, and to maintain 

uniformity between sampling sites. In Sri Lanka, a ‘farm shop’ is typically a small scale retail 

shop where fresh or frozen and thawed poultry carcasses are sold by keeping them in display 

units at 10-15°C before sale. Most of these shops sell only poultry products such as whole 

carcass, cuts, poultry visceral organs, eggs, and the value-added products for instance 

sausages, meatballs, etc. However, some farm shops may also sell food products from other 

animals (dried fish, canned fish, etc.) and food products of non-animal origin. These farm 

shops are often found in the centre of a town and, besides, they can be found scattered in 

certain streets in larger towns. 

To make the study economically feasible, the sample size for each study was predetermined, 

and systematic sampling was conducted in the prearranged DSDs. Since no reliable data is 

available on the number of farm shops in each DSD, it was assumed population density is 

proportional to the farm shops available in each DSD. The top five DSDs based on the 

population were selected purposefully and the remaining 5 were picked randomly using 

Minitab software. During the 2010-2011, investigation chicken meat from small scale farm 

shops in 10 DSDs were sampled (Figure 1), and in the 2020-2021 investigation sampling was 

repeated from the same DSDs, except for Udunuwara. 

 

 

 

 

 

 

 

 

 

 

Figure 1: Divisional Secretariat Divisions (DSDs) of Kandy District of Sri Lanka 

sampled during two studies  

 

2.2. Sample collection 

Figure 1:	 Divisional Secretariat Divisions (DSDs) of Kandy district of Sri Lanka sampled during two studies

(The colours used in the map do not indicate any scale or a variable)
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At each farm shop, a chicken leg was purchased as 
the sample assuming that it is the part which has the 
highest possibility of contamination during carcasses 
handling and manual evisceration. The collected samples 
were transported to the Food Microbiology Laboratory 
of the Department of Veterinary Public Health and 
Pharmacology, University of Peradeniya and stored at 
4°C until the isolation and identification of foodborne 
bacteria were done.

Isolation, identification, and confirmation of E. coli 
and Salmonella

The qualitative identification protocols described by 
SLS 516: part 3: 1982 were followed, with certain 
modifications for isolation and identification of E. coli. 
If summarized, 25 g of meat were weighed, blended 
and homogenized with 225 mL of buffered peptone 
water (BPW) (Oxoid, CM0509). The homogenate was 
incubated for 18 - 24 h at 36 °C ± 1°C in a screw-capped 
bottle. A loop full (10 μg) of this enriched homogenate 
was taken and streaked on a MacConkey (MAC) agar 
(Oxoid, CM0007) plate and incubated at 36°C ± 1°C for 
18-24 h. A presumptive E. coli colony (red, non-mucoid 
colonies) was picked and cultured on an Eosin-methylene 
blue (EMB) agar (Oxoid, CM0069) plate, incubating 
for 36°C ± 1°C for 18 - 24 h. A typical E. coli colony 
(purple colour colonies with a green metallic sheen) from 
an EMB plate was sub-cultured on nutrient agar (Oxoid, 
CM0003), incubating at 37°C for 18 - 24 h. Confirmation 
was done by subjecting the isolates to Grams staining and 
a panel of biochemical tests (Catalase test, Triple Sugar 
Iron reaction, Urease test, Citrate test, motility test, and 
Kovacs’ Indole test).

	 For isolation and identification of Salmonella, 
methods described in ISO 6579 were followed. In brief, 
from the sample, 25 g of meat were weighed and blended 
using stomacher for 2 minutes to homogenize with 225 
ml of BPW (Oxoid, CM0509). The homogenate was 
incubated 16 – 20 hours at 36 °C ± 1°C in a screw-capped 
bottle. From this pre-enrichment 0.1 mL was mixed with 
10 mL of Rappaport-Vassiliadis (RV) broth (Oxoid, 
CM0669) and incubated at 41.5°C ± 0.5°C for18 - 24 h. 
A loop full (10 μg) of this selective enrichment was taken 
and streaked on a Xylose Lysine Deoxycholate (XLD) 
agar (Oxoid, CM0469) plate, which was then incubated 
at 36°C ± 1°C for 18 - 24 h. The plate was observed for 
the presence of typical Salmonella spp.colonies (red 
colonies with black centers) and such colonies were sub-
cultured on nutrient agar (Oxoid, CM0003) at 37°C for 
18 - 24 h. Confirmation of recovered Salmonella spp. was 
done by Grams staining, biochemical testing (Catalase 

test, Triple Sugar Iron reaction, Urease test, Citrate test, 
and motility test) and performing an agglutination test 
with polyvalent Salmonella antiserum.

Antimicrobial susceptibility testing

E. coli and Salmonella spp. isolates were subjected 
to disk diffusion assay to identify their antimicrobial 
susceptibility profiles. Guidelines and clinical 
breakpoints given by the Clinical Laboratory Standard 
Institute, 2008, were used to conduct the disk diffusion 
assay and to interpret the results. However, in situations 
where the particular antimicrobial was not listed in the 
publication, breakpoints of the closest antimicrobial 
within the same group were used for interpretation. In 
each investigation the panel of antimicrobials was selected 
based on availability as well as considering whether the 
antimicrobials are repetitively used in poultry medicine 
and in humans. E. coli ATCC 25922 was used as the 
quality control strain. 

	 The antimicrobial panel of both studies included 
ampicillin (10 µg), ciprofloxacin (5 µg), chloramphenicol 
(30 µg), gentamicin (10 µg), streptomycin (10 µg), 
and tetracycline (30 µg). However, amoxicillin (10 
µg), cephalothin (30 µg), enrofloxacin (5 µg), and 
neomycin (10 µg) were only available for the 2010-2011 
investigation, whereas amikacin (30 µg), amoxicillin-
clavulanic acid (30 µg), cefotaxime (30 µg), ceftazidine 
(30 µg), nalidixic acid (30 µg) and trimethoprim-
sulphonamide (25 µg) were only available for the 2020-
2021 investigation. Multidrug resistance was defined as 
resistance to five or more antimicrobials from different 
classes tested in the study.

Data management

Microsoft Excel spreadsheets were used to manage data 
and GraphPad was used to generate figures. Two sample 
proportion analyses were conducted on Minitab statistical 
software where p ≤ 0.05 was considered significant. 

Results and discussion

Contamination of meat with Salmonella spp. and E. 
coli 

The study conducted in 2010-2011 detected E. coli in 
all (100%) meat samples tested and Salmonella spp. in 
34/72 (47.2%) of the meat samples tested (Figure 2a 
and 2b). However, in 2020-2021 investigation, E. coli 
contamination was 70.3% (26/37) and Salmonella spp. 
contamination was 59.45% (22/37) (Figure 2c and 2d). 
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Statistical comparison between the proportions revealed 
that the E. coli contamination observed in the 2020-2021 
investigation is significantly lower (p = 0.00) than that 

of the 2010-2011 study, and the difference observed 
for Salmonella spp. contamination is not statistically 
significant.

Selected 
Divisional 
Secretariat 
Divisions

Main town

2010-2011 2020-2021

E. coli contamination
Salmonella 

contamination
E. coli contamination

Salmonella 
contamination

Proportion Percentage Proportion Percentage Proportion Percentage Proportion Percentage

Gangawatakorale Kandy 20/20 100.0 7/20 35.0  3/5 60.0  3/5 60.0

Udapalatha Gampola 13/13 100.0 8/13 61.5  3/5 60.0  2/5 40.0

Akurana Akurana 9/9 100.0 4/9 44.4  3/5 60.0  2/5 40.0

Harispattuwa Katugastota 9/9 100.0 3/9 33.3  4/5 80.0  3/5 60.0

Pasbagakorale Nawalapitiya 6/6 100.0 5/6 83.3  4/5 80.0  2/5 40.0

Yatinuwara Pilimathalawa 3/3 100.0 0/3 0.0 3/3 100.0  2/3 66.6

Udunuwara Gelioya 3/3 100.0 3/3 100.0

Pathahewaheta Thalathuoya 3/3 100.0 0/3 0.0 3/3 100.0  2/3 66.6

Madadumbara Theldeniya 3/3 100.0 2/3 66.7  1/3 33.3 3/3 100.0

Kundasale Kundasale 3/3 100.0 2/3 66.7  2/3 66.6 3/3 100.0

Table 2:	 E. coli and Salmonella contamination in meat by DSD

 

 
Figure 2: a) E. coli contamination in chicken meat detected in 2010 to 2011, b) Salmonella 
contamination in chicken meat detected in 2010 to 2011, c) E. coli contamination in chicken 
meat detected in 2020 to 2021, and d) Salmonella contamination in chicken meat detected in 
2020 to 2021. 

 

Table 2 shows the contamination found in meat samples by DSD in each investigation. 

Despite the fact that the data were collected a decade apart, meat sold in all of the farm shops 

investigated is tainted with both E. coli and Salmonella, or with either of these pathogens. 

Figure 2:	 a) E. coli contamination in chicken meat detected in 2010 - 2011, b) Salmonella spp. contamination 
in chicken meat detected in 2010 - 2011, c) E. coli contamination in chicken meat detected in 2020 
- 2021, and d) Salmonella spp. contamination in chicken meat detected in 2020 - 2021.
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resistance (8.3%) resistance against chloramphenicol 
(Figure 3). The percentages of E. coli isolates exhibited 
resistance against ampicillin, amoxicillin, cephalothin, 
streptomycin, and tetracycline (30 μg) are 90.3%, 83.3%, 
80.5%, 77.8%, and 61.1% respectively. 

	 E. coli isolated during the 2010-2011 investigation 
also demonstrated higher levels of resistance to the 
panel of antimicrobials tested than Salmonella spp. 
isolated during the same period. The highest percentage 
of resistance (69.2%) was observed in E. coli against 
ampicillin and tetracycline. Furthermore, 61.5% of the E. 
coli isolates tested were resistance to the trimethoprim-
sulphonamide combination.

 

Figure 3: Antimicrobial resistance observed in chicken meat contaminant E. coli from 

the 2010-2011 study and the 2020-2021 study. 

 

In the 2020-2021 investigation, 54.5 % of the Salmonella isolates tested positive for 

tetracycline resistance, while 40.9 % and 27.2 % tested positive for ampicillin and nalidixic 

acid resistance, respectively. Antimicrobials such as amikacin, amoxicillin-clavulanic acid, 

cefotaxime, ceftazidine, chloramphenicol, gentamycin, and trimethoprim-sulphonamide were 

effective against more than 90% of the Salmonella isolated during this study. 

Figure 3:	 Antimicrobial resistance observed in chicken meat contaminant E. coli from the 2010-2011 study and the 
2020-2021 study.

Table 2 shows the contamination of meat samples by 
DSD in each investigation. Despite the fact that the data 
were collected a decade apart, meat sold in all of the farm 
shops investigated is tainted with E. coli and Salmonella 
spp.

Antimicrobial susceptibility profiles of the isolates

E. coli isolates of the investigation conducted in 2010-
2011 showed a markedly higher level of resistance 
against the panel of antimicrobials tested than those of 
Salmonella spp. isolated from the same investigation. E. 
coli isolates reported the highest percentage of resistance 
(97.2%) against neomycin and the least percentage of 
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When resistance to antimicrobials common to both 
investigations was considered, E. coli isolates from 
the 2020-2021 study exhibited a significantly lower 
proportion of resistance to ampicillin (p = 0.01) and 
streptomycin (p = 0.00) than E. coli isolates from the 
previous study.

	 More than 40% of the Salmonella spp. isolates 
from the 2010-2011 study were resistant to neomycin 
(55.8%), streptomycin (35.3%), ampicillin (41.2%), 
and amoxicillin (41.2%) (Figure 4). Furthermore, only 
a small percentage of Salmonella spp. isolates from 
the same study were resistant to tetracycline (20.6%), 

enrofloxacin (20.6%), cephalothin (11.8%), gentamycin 
(8.8%), chloramphenicol (5.9%), and ciprofloxacin 
(2.9 %).

	 In the 2020-2021 investigation, 54.5% of the 
Salmonella spp. isolates tested positive for tetracycline 
resistance, while 40.9% and 27.2% tested positive for 
ampicillin and nalidixic acid resistance, respectively. 
Antimicrobials such as amikacin, amoxicillin-clavulanic 
acid, cefotaxime, ceftazidine, chloramphenicol, 
gentamycin, and trimethoprim-sulphonamide were 
effective against more than 90% of the Salmonella spp. 
isolated during this study.

 

The proportion of Salmonella isolates recovered with tetracycline resistance during the 2020-

2021 study is significantly higher (p = 0.01) than in the previous study. Furthermore, the 

proportion of Salmonella isolated in the 2020-2021 study with streptomycin resistance was 

significantly lower (p = 0.01) than in the previous study. 

 

Figure 4: Antimicrobial resistance observed in chicken meat contaminant Salmonella 

isolates from the 2010-2011 study and the 2020-2021 study. 

Geographic areas with the highest number of resistant isolates were identified based on the 

assumption that these farm shops receive birds for slaughter or carcasses for sale from the 

same DSD. Tables 3 and 4 show the percentage of E. coli and Salmonella isolates that 

Figure 4:	 Antimicrobial resistance observed in chicken meat contaminant Salmonella spp. isolates from the 2010-2011 
study and the 2020-2021 study.
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The proportion of Salmonella spp. isolates recovered 
with tetracycline resistance during the 2020-2021 
study is significantly higher (p = 0.01) than in the previous 
study. Furthermore, the proportion of Salmonella spp. 
isolated in the 2020-2021 study with streptomycin 
resistance was significantly lower (p = 0.01) than in the 
previous study.

	 Geographic areas with the highest number of resistant 
isolates were identified based on the assumption that 
these farm shops receive birds for slaughter or carcasses 
for sale from the same DSD. Tables 3 and 4 show the 
percentage of E. coli and Salmonella spp. isolates that 
showed resistance to the selected panel of antimicrobials 
by DSDs in the 2010-2011 study and the 2020-2021 
study, respectively.

	 In the 2010-2011 study, more than 50% of the E. 
coli isolates from the Akurana, Harispattuwa, and 
Pasbagekorale DSDs were resistant to 8/10 of the 
antimicrobials tested. Furthermore, over 50% of the 
E. coli isolates from Pathahewaheta and Kundasale were 

resistant to 7/10 antimicrobials tested, while more than 
50% of the E. coli isolates from the Gangawatakorale, 
Udapalatha, and Yatinuwara DSDs were resistant to 6/10 
antimicrobials in the panel. Salmonella spp. isolates from 
the same study were mostly susceptible to the majority 
of antimicrobials tested, however more than half of 
the Salmonella spp. isolates from Akurana DSDs were 
reported to be resistant to 5/10 antimicrobials used in the 
study.

	 During the 2020-2021 investigation, more than 
half of the E. coli isolated from the Madadumbara and 
Pathahewaheta DSDs were resistant to 8/12 and 6/12 
antimicrobials tested, respectively. Furthermore, more 
than half of the Salmonella spp. isolated from the 
Akurana DSD were resistant to 6/12 of the antimicrobials 
tested.

Multidrug resistance (MDR) 

Fifty-six E. coli isolates (77.8%) from the 2010-2011 
investigation met the MDR criteria (see Figure 5). 

Figure 5:	 Numbers of chicken meat contaminant E. coli with multiple drug resistance in the 2010-2011 study and 
the 2020-2021 study.

 

 

Figure 5: Numbers of chicken meat contaminant E. coli with multiple drug resistance in 

the 2010-2011 study and the 2020-2021 study. 

When the two studies are compared, there is a significant reduction (p = 0.00) in the 

proportions of MDR E. coli isolates in the 2020-2021 study compared to the previous one. 

Even though the proportion of MDR Salmonella detected in the 2020-2021 study was lower 

than in the previous study, the difference was not statistically significant. 

2. Discussion  

Food-borne illnesses in Sri Lanka have historically received less research attention compared 

to other infectious diseases (Sandipani et al., 2020). There is either no or very limited 

epidemiological data on animal-origin foodborne pathogens and their antimicrobial resistance 

profiles. In such a context, this study reveals the potential risk of acquiring AMR E. coli and 

Salmonella through consumption of contaminated chicken meat sold at small scale farm 

shops, as well as trends in AMR profiles following a decade. 
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In particular, 13 isolates (18%) were resistant to five 
antimicrobials, while 15 (20.8%) were resistant to 
all six antimicrobials tested in this study. Resistance 
to seven and eight antimicrobials was found in nine 
(12.5%) and 13 (18%) E. coli isolates, respectively. 
Furthermore, six E. coli isolates (8.3%) were resistant 
to 9/10 antimicrobials in the panel. Only five (14.7%) 
of the Salmonella spp. isolates studied in 2010 - 2011 
had MDR profiles. Salmonella spp. isolates were twice 
as susceptible to all antimicrobials tested (10 isolates, 
29.4%).

	 Only seven E. coli isolates (26.9%) from the 2020-2021 
investigation were identified as MDR isolates (Figure 5). 
One (3.8%) was resistant to 8/12 antimicrobials tested, 
while two (7.7%) were resistant to 7/12 antimicrobials in 
the panel. Another E. coli isolate (3.8%) was resistant to 
6/12 antimicrobials tested, while the remainder (11.5%) 
was resistant to 5/12 antimicrobials tested. Only one 
Salmonella spp. isolate (4.5%) from Akurana DSD 
showed MRD during the same investigation, and this 
isolate was resistant to 5/12 antimicrobials tested in the 
study.

	 When the two studies are compared, there is a 
significant reduction (p = 0.00) in the proportions of 
MDR E. coli isolates in the 2020-2021 study compared 
to the previous one. Even though the proportion of MDR 
Salmonella spp. detected in the 2020-2021 study was 
lower than in the previous study, the difference was not 
statistically significant.

	 Food-borne illnesses in Sri Lanka have historically 
received less research attention compared to other 
infectious diseases (Sandipani et al., 2020). There is 
either no or very limited epidemiological data on animal-
origin foodborne pathogens and their antimicrobial 
resistance profiles. In such a context, this study reveals the 
potential risk of acquiring AMR E. coli and Salmonella 
spp. through consumption of contaminated chicken meat 
sold at small scale farm shops, as well as trends in AMR 
profiles following a decade.

	 The number of farm shops operating in each population 
centre in Kandy district was greater than we anticipated; 
however, the operational hygiene of all farm shops is 
substandard as the following unsanitary practices were 
observed: the same person issuing all available animal 
products with bare hands, repetitive freezing and thawing 
of meat, the lack of a functional cooler, fly access to 
meat, and visually unclean meat. All of these unsanitary 
practices have been shown to promote foodborne bacteria 

contamination, multiplication, and spread. For instance, 
Todd et al. (2009) clearly demonstrated how workers 
contributed to the spread of E. coli and Salmonella 
spp. through unsanitary meat handling. According to 
Mohammed et al. (2021), repeated freezing and thawing 
increases microbial counts in chicken meat (Mohammed 
et al., 2021). Casanova et al. (2021) demonstrated the 
importance of maintaining a cold chain for poultry 
meat in order to reduce the multiplication of foodborne 
bacteria. According to Barreiro et al. (2013), flies can 
transmit foodborne pathogens along with their associated 
toxin or resistance, and bacteria in the enterobacteriacea 
group are the most common pathogen transmitted by 
flies.

	 Substandard slaughtering and handling hygiene in 
meat retail shops has been reported in many developing 
countries, including India (Balakrishnan et al., 2018; 
Vaidya et al., 2016), Pakistan (Mallhi et al., 2019; Zakki 
et al., 2017), Bangladesh (Uddin et al., 2019) and Nepal 
(Bantawa et al., 2018; Khanal & Poudel, 2017). One 
major reason for this poor operational hygiene is the 
willingness of consumers with low to medium incomes 
to buy these meats despite their sanitary status. These 
customers appear to prefer low-cost fresh meat over 
expensive branded frozen meat. As a result, retailers 
believe that it is unnecessary to invest in additional 
labour and money to upgrade their outlets because it has 
no effect on demand. Other possible explanations include 
lack of resources, lack of awareness on about foodborne 
pathogens, and false sense of security about the cooking 
method etc., and so on. Therefore, identifying these 
issues and enacting the necessary regulations to ensure 
food safety is critical at this time (Kurugala, 2022)

	 According to the current study, E. coli contamination 
of chicken meat sold in these stores has decreased 
significantly over the past 10 years. However, because the 
sample size in the second investigation is smaller than in 
the first, it should be interpreted with caution. According 
to recent research, E. coli contamination of chicken 
meat was 4.8% in Nepal (Shrestha et al., 2017), 43.5% 
in Pakistan (Zainab et al., 2022), 85% in Bangladesh 
(Islam et al., 2018), and 91% in India (Hussain et al., 
2017). E. coli is a marker of faecal contamination (Ekici 
& Dümen, 2019), and therefore cross contamination 
during evisceration or handling, or due to fly sitting, 
may have contributed to the high E. coli contamination. 
E. coli detection in meat is of little value, and most food 
standards recommend enumeration of E. coli to ensure 
that the numbers are within acceptable limits. However, 
contamination of chicken meat with AMR/MDR E. coli 
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or E. coli pathotypes (diarrheogenic E. coli, ExPEC or 
APEC that becomes ExPEC later in life) has always been 
a serious concern (Díaz-Jiménez et al., 2021; Rahman et 
al., 2020; Seo & Lee, 2018).

	 In both studies reported here, E. coli isolates had 
a higher level of AMR than Salmonella spp. isolates. 
Tetracycline resistance has increased significantly over 
the years, and in both studies, more than 60% of the 
isolates were ampicillin resistant. Differences in the 
antimicrobial panel used in the two studies made a fair 
comparison difficult, however the observed trends are 
consistent with a previous study conducted in Sri Lanka 
(Kulasooriya et al., 2019). Even studies from other 
South Asian regions report markedly high resistance in 
E. coli for tetracycline (Hussain et al., 2017; Islam et al., 
2018; Zainab et al., 2022) and ampicillin (Islam et al., 
2018; Shrestha et al., 2017). The first study disclosed 
77.8 % MDR E. coli isolates as contaminants, while 
the second study revealed it as 26.9%. This significant 
reduction in MDR could be attributed to the difference 
of the antimicrobial disks used in each study. If the same 
antimicrobial panel was tested in each of these studies, 
the results could have been different. Despite the fact 
that the criterion for defining MDR has been different in 
this study, 100% MDR E. coli have been found in recent 
investigations in Bangladesh (Parvin et al., 2020) and 
Pakistan (Zainab et al., 2022). Further, the most recent 
percentages of MDR E. coli in contaminated chicken 
meat in India and Nepal have been 80% and 68%, 
respectively (Hussain et al., 2017; Shrestha et al., 2017). 
This highlights the potential risk of acquiring MDR 
E. coli from chicken meat. Therefore, urgent action is 
required, particularly in developing countries, to reduce 
contamination and acquisition of foodborne MDR E. coli 
via chicken meat.

	 The first study found 47.2% Salmonella spp. 
contamination in chicken meat, while the second study 
found a statistically insignificant increase (59.45%) in 
the Salmonella spp. contamination. Both studies showed 
higher Salmonella spp. contamination than values 
previously reported in Sri Lanka (8.9% and 11.6%) 
Jayaweera et al. (2020). According to Jayaweera et al. 
(2021), the majority of these contaminated chicken meats 
harbour a number of virulence related pathogenicity 
islands. Given that the prevalence of Salmonella spp. 
in broiler birds in Sri Lanka is 9% (Kottawatta et al., 
2014), spilled gut content may not be the only source 
of contamination. According to Alwis et al. (2014), 
meat contact surfaces and utensils in Sri Lankan retail 
shops are highly contaminated with Salmonella spp.. 

Because unsanitary conditions promote Salmonella 
spp. colonization and biofilm formation (Merino et al., 
2019), not only careless evisceration but also operational 
hygiene appear to have a significant impact on Salmonella 
contamination of meat. Salmonella contamination in 
chicken meat has been reported to be 70%, 40%, 33%, 
and 26.2% in Bangladesh (Islam et al., 2018), India 
(Sharma et al., 2019), Pakistan (Samad et al., 2018), and 
Nepal (Shrestha et al., 2017), respectively.

	 Salmonella spp. isolates recovered from both studies 
were susceptible to the majority of antimicrobials 
tested, which is consistent with Jayaweera et al., (2020). 
However, 58% of the Salmonella spp. in the first study 
were resistant to neomycin, while 54% of the Salmonella 
spp. in the second study were resistant to tetracycline. 
According to recent regional reports, tetracycline 
resistance among Salmonella spp. isolates recovered 
from chicken meat is 85.7% in Bangladesh and 100% in 
India (Islam et al., 2018; Sharma et al., 2019). Salmonella 
spp. isolates with MDR profiles were 14.7% in 2010-
2011 and 4.5% in 2020-2021 studies, respectively. These 
MDR Salmonella spp. percentages are lower than the 
MDR Salmonella spp. percentages isolated from chicken 
meat in Nepal (85.2%) and India (100%) (Sharma et al., 
2019; Shrestha et al., 2017). Nonetheless, it should be 
noted that the criteria used to define MDR differ among 
studies.

	 The AMR E. coli and Salmonella spp. isolates from 
these two studies did not show any prominent spatial 
clustering. The spatial variation in AMR profiles is 
attributed to the level of antimicrobials used within a 
region, the number of farms located in each region, the 
degree of environmental contamination with resistant 
bacteria, the extent of husbandry/other practices 
favouring resistance dissemination and socio-economic 
factors, etc. (Galvin et al., 2013). 

	 The findings of this study underscore the significant 
risk of harvest and post-harvest cross-contamination of 
chicken meat sold at small-scale farm shops in Kandy 
district, as well as the persistent risk of consumers being 
exposed to AMR E. coli and Salmonella spp.. This 
situation highlights the urgent need for interventions 
to limit the emergence and spread of MDR bacteria in 
animal-origin food products in Sri Lanka. Establishing 
a national surveillance system to monitor antimicrobial 
usage in food animals and detect emerging antimicrobial 
resistance in bacteria from these animals is crucial. 
Additionally, promoting antimicrobial stewardship 
among veterinarians is essential.
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It is also important to mandate the registration of meat 
retail shops with relevant authorities to ensure traceability 
in the event of a FI outbreak. Implementing a regular 
quality monitoring and grading system for meat retail 
shops is necessary. Moreover, awareness programmes 
targeting both retailers and consumers should be 
conducted to reduce cross-contamination and the spread 
of AMR foodborne pathogens.

Conclusion

Chicken meat sold in small-scale shops in Kandy district 
is frequently contaminated with E. coli and Salmonella 
spp.. Although E. coli contamination has decreased 
over the past decade, Salmonella spp. colonization 
in meat has increased. Antimicrobial resistance and 
multidrug resistance are prevalent among E. coli isolates 
contaminating chicken meat, with a higher frequency 
compared to Salmonella spp.. Resistance to tetracycline 
is commonly observed in both E. coli and Salmonella 
spp. found in chicken meat. These findings highlight the 
urgent need to implement measures to reduce bacterial 
contamination in chicken meat and to address the rise of 
antimicrobial resistance in farming environments.

References

Abebe, E., Gugsa, G., & Ahmed, M. (2020). Review on 
major food‐borne zoonotic bacterial pathogens. Journal 
of Tropical Medicine, 2020(1), 4674235. https://doi.
org/10.1155/2020/4674235

Alahakoon, A. U., Jo, C., & Jayasena, D. D. (2016). An 
overview of meat industry in Sri Lanka: A comprehensive 
review. Korean Journal for Food Science of Animal 
Resources, 36(2), 137–144. https://doi.org/10.5851/
kosfa.2016.36.2.137

Alwis, U. S., Mudannayake, D. C., Jayasena, D. D., & 
Ubeyarathna, K. J. (2014). Evaluation of Salmonella cross 
contamination at retail chicken meat outlets in Kandy, Sri 
Lanka. Korean Journal of Agricultural Science, 41(1), 35-
40. http://dx.doi.org/10.7744/cnujas.2014.41.1.035

Balakrishnan, S., Sangeetha, A., & Dhanalakshmi, M. 
(2018). Prevalence of Salmonella in chicken meat and 
its slaughtering place from local markets in Orathanadu, 
Thanjavur district, Tamil Nadu. Journal of Entomology 
and Zoology studies, 6(2), 2468-2471. https://www.
entomoljournal.com/2018/6(2)pdf

Bantawa, K., Rai, K., Subba Limbu, D., & Khanal, H. (2018). 
Food-borne bacterial pathogens in marketed raw meat of 
Dharan, eastern Nepal. BMC Research Notes, 11, 618, 1-5. 
https://doi.org/10.1186/s13104-018-3722-x

Barreiro, C., Albano, H., Silva, J., & Teixeira, P. (2013). Role 
of flies as vectors of foodborne pathogens in rural areas. 
International Scholarly Research Notices, 2013(1), 718780. 

http://dx.doi.org/10.1155/2013/718780
Bintsis, T. (2017). Foodborne pathogens. AIMS 

Microbiology, 3(3), 529–563. https://doi.org/10.3934/
microbiol.2017.3.529

Card, R. M., Cawthraw, S. A., Nunez-Garcia, J., Ellis, R. J., 
Kay, G., Pallen, M. J., Woodward, M. J., & Anjum, M. F. 
(2017). An in vitro chicken gut model demonstrates transfer 
of a multidrug resistance plasmid from Salmonella to 
commensal Escherichia coli. MBio, 8(4), 10-1128. https://
doi.org/10.1128/mBio.00777-17 

Casanova, C. F., Souza, M. A. D., Fisher, B., Colet, R., 
Marchesi, C. M., Zeni, J., Cansian, R. L., Backes, G. T., & 
Steffens, C. (2021). Bacterial growth in chicken breast fillet 
submitted to temperature abuse conditions. Food Science 
and Technology, 42, e47920. https://doi.org/10.1590/
fst.47920

CDC (2011). Estimates of foodborne illness in the United States. 
Center for Disease Control and Prevention (CDC). https://
www.cdc.gov/foodborneburden/estimates-overview.html

Croxen, M. A., Law, R. J., Scholz, R., Keeney, K. M., 
Wlodarska, M., & Finlay, B. B. (2013). Recent advances 
in understanding enteric pathogenic Escherichia coli. 
Clinical Microbiology Reviews, 26(4), 822–880. https://
doi.org/10.1128/CMR.00022-13

Diaz-Jimenez, D., García-Meniño, I., Herrera, A., Leston, L., & 
Mora, A. (2021). Microbiological risk assessment of Turkey 
and chicken meat for consumer: Significant differences 
regarding multidrug resistance, mcr or presence of hybrid 
aEPEC/ExPEC pathotypes of E. coli. Food Control, 123(8), 
107713. http://dx.doi.org/10.1016/j.foodcont.2020.107713

Ekici, G., & Dümen, E. (2019). Escherichia coli and food 
safety. In The universe of Escherichia coli. IntechOpen. 
https://doi.org/10.5772/intechopen.82375

Frye, J. G., & Jackson, C. R. (2013). Genetic mechanisms of 
antimicrobial resistance identified in Salmonella enterica, 
Escherichia coli, and Enteroccocus spp. isolated from US 
food animals. Frontiers in Microbiology, 4, 135. https://doi.
org/10.3389/fmicb.2013.00135

Galvin, S., Bergin, N., Hennessy, R., Hanahoe, B., Murphy, 
A. W., Cormican, M., & Vellinga, A. (2013). Exploratory 
spatial mapping of the occurrence of antimicrobial 
resistance in E. coli in the community. Antibiotics, 2(3), 
328-338. https://doi.org/10.3390/antibiotics2030328

Gizaw, Z. (2019). Public health risks related to food safety 
issues in the food market: a systematic literature review. 
Environmental Health and Preventive Medicine, 24, 68, 1-
21. https://doi.org/10.1186/s12199-019-0825-5

Grace, D. (2015). Food safety in low and middle income 
countries. International Journal of Environmental 
Research and Public Health, 12(9), 10490-10507. https://
doi.org/10.3390/ijerph120910490

Heredia, N., & García, S. (2018). Animals as sources of food-
borne pathogens: A review. Animal Nutrition, 4(3), 250-
255. https://doi.org/10.1016/j.aninu.2018.04.006

Huffaker, R., & Hartmann, M. (2021). Reconstructing dynamics 
of foodborne disease outbreaks in the US cattle market 
from monitoring data. Plos One, 16(1), e0245867. https://



432		  DS Thilakarathne et al.

December 2024	 Journal of the National Science Foundation of Sri Lanka 52(4)

doi.org/10.1371/journal.pone.0245867
Hussain, A., Shaik, S., Ranjan, A., Nandanwar, N., Tiwari, S. 

K., Majid, M., Baddam, R., Qureshi, I. A., Semmler, T., 
Wieler, L. H., Islam, M. A., Chakravortty, D., & Ahmed, 
N. (2017). Risk of transmission of antimicrobial resistant 
Escherichia coli from commercial broiler and free-range 
retail chicken in India. Frontiers in Microbiology, 8, 2120. 
https://doi.org/10.3389/fmicb.2017.02120

Islam, M. K., Kabir, S. L., Haque, A. Z., Sarker, Y. A., & Sikder, 
M. H. (2018). Molecular detection and characterization of 
Escherichia coli, Salmonella spp. and Campylobacter spp. 
isolated from broiler meat in Jamalpur, Tangail, Netrokona 
and Kishoreganj districts of Bangladesh. African Journal 
of Microbiology Research, 12(32), 761-770. http://doi.
org/10.5897/AJMR2018.8945

Jayaweera, T. S. P., Ruwandeepika, H. A. D., Deekshit, V. K., 
Vidanarachchi, J. K., Kodithuwakku, S. P., Karunasagar, 
I., & Cyril, H. W. (2020). Isolation and Identification of 
Salmonella spp. from Broiler Chicken Meat in Sri Lanka 
and their Antibiotic Resistance. Journal of Agricultural 
Sciences (Sri Lanka), 15(3), 395-410. http://doi.
org/10.4038/jas.v15i3.9031

Jayaweera, T. S. P., Ruwandeepika, H. A. D., Deekshit, V. K., 
Vidanarachchi, J. K., Kodithuwakku, S. P., Karunasagar, 
I., & Cyril, H. W. (2021). Prevalence of Salmonella 
pathogenisity island (SPI1, SPI2, SPI3 and SPI5) genes 
in Salmonella species isolated from fresh Broiler Chicken 
Meat in Sri Lanka. Journal of Agricultural Sciences 
(Sri Lanka), 16(2), 333-351. http://doi.org/10.4038/jas.
v16i2.9339

Kalupahana, R. S., Rajapaksa, D. I. G., Fernando, P. S., 
Thilakarathne, D. S., & Abeynayake, P. (2017). Occurrence 
and characterization of nontyphoidal Salmonella in 
retail table eggs in Kandy district of Sri Lanka. Food 
Control, 72(Part B), 244-248. https://doi.org/10.1016/
j.foodcont.2016.04.024

Khanal, G., & Poudel, S. (2017). Factors associated with 
meat safety knowledge and practices among butchers of 
Ratnanagar municipality, Chitwan, Nepal: a cross-sectional 
study. Asia Pacific Journal of Public Health, 29(8), 683-
691. https://doi.org/10.1177/1010539517743850

Kottawatta, K. S. A., Bandara, J. M. K. V., Thilakarathne, D. 
S., Rajapaksha, D. I. G., Abeynayake, P., & Kalupahana, 
R. S. (2014). Occurrence of motile salmonella in broiler 
flocks and antimicrobial susceptibility patterns of isolates. 
Proceedings of the Peradeniya Univ. International 
Research Sessions, Sri Lanka, 18, 187. http://dlib.pdn.
ac.lk/handle/1/4728

Kulasooriya, G. D. B. N., Amarasiri, M. K. U. T., Abeykoon, 
A. M. H., & Kalupahana, R. S. (2019). Salmonella, 
Campylobacter and Escherichia coli in raw chicken meat, 
chicken products and cooked chicken in retail markets in 
Kandy, Sri Lanka. Sri Lanka Veterinary Journal, 66(1), 19-
26. http://doi.org/10.4038/slvj.v66i1.33

Kurugala, G. C. S. (2022). Consumers’ consciousness on quality 
of meat, while purchasing from meat outlets in Kaduwela 
Municipal Council area: Conciencia de los consumidores 

sobre la calidad de la carne cuando compran en los puntos 
de venta de carne en el área del Consejo Municipal de 
Kaduwela. South Florida Journal of Environmental and 
Animal Science, 2(2), 152-161. https://doi.org/10.53499/
sfjeasv2n2-012

Li, Z., Shi, L., Wang, B., Wei, X., Zhang, J., Guo, T., Kong, 
J., Wang, M., & Xu, H. (2021). In vitro assessment of 
antimicrobial resistance dissemination dynamics during 
multidrug-resistant-bacterium invasion events by using 
a continuous-culture device. Applied and Environmental 
Microbiology, 87(6), e02659-20. https://doi.org/10.1128/
AEM.02659-20

Mallhi, I. Y., Sohaib, M., Khan, A. U., Nawaz, M., & Abdullah. 
(2019). Evaluating food safety knowledge, practices, and 
microbial profile of meat in abattoirs and butchery shops 
in Lahore, Pakistan. Journal of Food Safety, 39(2), e12612. 
https://doi.org/10.1111/jfs.12612

Marchello, C. S., Birkhold, M., Crump, J. A., Martin, L. B., 
Ansah, M. O., Breghi, G., Canals, R., Fiorino, F., Gordon, 
M. A., Kim, J. H., Hamaluba, M., Hanumunthadu, B., 
Jacobs, J., Kariuki, S., Malvolti, S., Mantel, C., Marks, 
F., Medaglini, D., Mogasale, V., … & Tack, B. (2022). 
Complications and mortality of non-typhoidal salmonella 
invasive disease: a global systematic review and meta-
analysis. The Lancet Infectious Diseases, 22(5), 692-705. 
https://doi.org/10.1016/S1473-3099(21)00615-0

Merino, L., Procura, F., Trejo, F. M., Bueno, D. J., & Golowczyc, 
M. A. (2019). Biofilm formation by Salmonella sp. in 
the poultry industry: Detection, control and eradication 
strategies. Food Research International, 119, 530-540. 
https://doi.org/10.1016/j.foodres.2017.11.024

Mohammed, H. H. H., He, L., Nawaz, A., Jin, G., Huang, X., 
Ma, M., Abdegadir, W. S., Elgasim, E. A., & Khalifa, I. 
(2021). Effect of frozen and refrozen storage of beef and 
chicken meats on inoculated microorganisms and meat 
quality. Meat Science, 175, 108453. https://doi.org/10.1016/
j.meatsci.2021.108453

Newman, K. L., Leon, J. S., Rebolledo, P. A., & Scallan, E. 
(2015a). The impact of socioeconomic status on foodborne 
illness in high-income countries: A systematic review. 
Epidemiology and Infection, 143(12), 2473-2485. https://
doi.org/10.1017/S0950268814003847

Newman, K. L., Leon, J. S., & Newman, L. S. (2015b). 
Estimating occupational illness, injury, and mortality in 
food production in the United States: A farm-to-table 
analysis. Journal of Occupational and Environmental 
Medicine, 57(7), 718–725. https://doi.org/10.1097/
JOM.0000000000000476

Parvin, M. S., Talukder, S., Ali, M. Y., Chowdhury, E. H., 
Rahman, M. T., & Islam, M. T. (2020). Antimicrobial 
resistance pattern of Escherichia coli isolated from frozen 
chicken meat in Bangladesh. Pathogens, 9(6), 420. http://
dx.doi.org/10.3390/pathogens9060420

Rahman, M. M., Husna, A., Elshabrawy, H. A., Alam, J., Runa, 
N. Y., Badruzzaman, A. T. M., Banu, N. A., Mamun M. A., 
Paul, B., Das, S., Rahman, M. M., Mahbub-E-Elahi, A. 
T. M., Khairalla, A. S. & Ashour, H. M. (2020). Isolation 



Decadal trends in antimicrobial susceptibility of E. coli and Salmonella spp.		  433

Journal of the National Science Foundation of Sri Lanka 52(4)	 December 2024

and molecular characterization of multidrug-resistant 
Escherichia coli from chicken meat. Scientific Reports, 
10(1), 21999. https://doi.org/10.1038/s41598-020-78367-2

Samad, A., Abbas, F., Tanveer, Z., Ahmad, Z., Ahmad, I., 
Patching, S. G., Nawaz, N., Asmat, T. M., Raziq, A., 
Asadullah, Sheikh, I. S., Naeem, M., Pokryshko, O., & 
Mustafa, Z. M. (2018). Prevalence of Salmonella spp. in 
chicken meat from Quetta retail outlets and typing through 
multiplex PCR. Romanian Biotechnological Letters, 24(2), 
271-9. http://dx.doi.org/10.25083/rbl/24.2/271.279

Sandipani, H. A. D. C. L., Dharmarathna, E. K. G. P. U., 
Wimaladharma, S. T. C. I. & Abeyrathne, E. D. N. S. 
(2020). A food risk assessment model based on HACCP for 
small scale restaurants. Journal of Agriculture and Value 
Addition, 3(2): 41˗55. https://www.uwu.ac.lk(2021)java-
3(2)41-55.pdf

Seo, K. W., & Lee, Y. J. (2018). Prevalence and characterization 
of β-lactamases genes and class 1 integrons in multidrug-
resistant Escherichia coli isolates from chicken meat in 
Korea. Microbial Drug Resistance, 24(10), 1599-1606. 
https://doi.org/10.1089/mdr.2018.0019

Sharma, J., Kumar, D., Hussain, S., Pathak, A., Shukla, M., 
Kumar, V. P., Anisha, P. N., Rautela, R., Upadhyay, A. K., 
& Singh, S. P. (2019). Prevalence, antimicrobial resistance 
and virulence genes characterization of nontyphoidal 
Salmonella isolated from retail chicken meat shops in 
Northern India. Food Control, 102, 104-111. https://doi.
org/10.1016/j.foodcont.2019.01.021

Shrestha, A., Bajracharya, A. M., Subedi, H., Turha, R. S., 
Kafle, S., Sharma, S., Neupane, S., & Chaudhary, D. K. 
(2017). Multi-drug resistance and extended spectrum beta 
lactamase producing Gram negative bacteria from chicken 
meat in Bharatpur Metropolitan, Nepal. BMC Research 

Notes, 10, 1-5. https://doi.org/10.1186/s13104-017-2917-x
Todd E. C. D. (2014). Foodborne diseases: Overview of 

biological hazards and foodborne diseases. Encyclopedia 
of Food Safety, 221–242. https://doi.org/10.1016/B978-0-
12-378612-8.00071-8

Todd, E. C. D., Greig, J. D., Bartleson, C. A., & Michaels, B. S. 
(2009). Outbreaks where food workers have been implicated 
in the spread of foodborne disease. Part 6. Transmission and 
survival of pathogens in the food processing and preparation 
environment. Journal of Food Protection, 72(1), 202-219. 
https://doi.org/10.4315/0362-028x-72.1.202

Uddin, J., Hossain, K., Hossain, S., Saha, K., Jubyda, F. T., 
Haque, R., Billah, B., Talukder, A. A., Parvez, A. K., & Dey, 
S. K. (2019). Bacteriological assessments of foodborne 
pathogens in poultry meat at different super shops in 
Dhaka, Bangladesh. Italian Journal of Food Safety, 8(1), 
6720. https://doi.org/10.4081/ijfs.2019.6720

Vaidya, D. N., Ghugare, P. S., & Kutty, M. (2016). Prevalence 
of pathogens in raw chicken sold at retail poultry shops in 
Pune city, India. Journal of Global Biosciences, 5(4), 3970-
3975. 

Zainab, L., Ibrar, K., Sadiq, A., Hamid, A. K., Ullah, M., & 
Noor, R. (2022). Extended spectrum beta lactamases-
producing Escherichia coli in retail chicken meat from 
Khyber Pakhtunkhwa, Pakistan. Saudi Journal of 
Biological Sciences, 29(6), 103280. https://doi.org/10.1016/
j.sjbs.2022.103280

Zakki, S. A., Qureshi, R., Hussain, A., Ghias, W., Sharif, M., 
& Ansari, F. (2017). Microbial quality evaluation and 
prevalence of bacteria and fungus in different varieties 
of chicken meat in Lahore. Journal of Pharmaceutical 
Sciences, 5(1), 30-37. https://www.researchgate.net/
publication/316512251


