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Abstract

Background: Listeriosis is a disease that occurs in immunocompromised people, caused by a zoonotic bacterium, Listeria
monocytogenes. The significance of its prevalence in raw meat lies in its potential to cause illness if the meat is undercooked, fails to
reach the recommended internal temperature, or through cross-contamination. Aims: This study aims to assess the presence of L.
monocytogenes in fresh chicken, fish, and frozen/ready-to-eat (RTE) meat sourced from the retail markets of two major cities in
Pakistan. Methods: The identification was done by biochemical and molecular methods targeting two genes of Listeria Pathogenicity
Island (LIP-1) i.e., prfa and hly genes by PCR and was sequence analyzed, isolates sequences were submitted to NCBI GenBank to
get accession number (ON859912, ON933793, ON933794, ON933795, ON933790, ON933791, and ON933792). The antibiotic
resistance of these isolates was confirmed against seven antibiotics using the Disk Diffusion Method. Results: The antibiotic
susceptibility profile of these isolates shows that most of the isolates were resistant to Vancomycin (43.2%), Gentamycin (37.8%),
and Erythromycin (18.9%). Conclusion: The study reveals a significant presence of L. monocytogenes in meat samples, accompanied
by antibiotic resistance to commonly used antibiotics for listeriosis in Pakistan. This alarming situation poses serious hazards to
public health.
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Introduction from many other foodborne pathogens, L.
monocytogenes exhibits the unique ability to replicate
and thrive in low temperatures (Goh et al., 2012). It can
endure  extended  periods under  challenging
environmental conditions and create biofilms on food-

As per the World Health Organization (WHO)
guidelines 2007-2015, foodborne diseases contribute to
one-third of deaths in children under the age of five,

resulting in an annual toll of 420,000 fatalities. Listeria
monocytogenes is one such major zoonotic food-borne
pathogens of the 21st century. It is a Gram-positive,
microaerophilic, intracellular pathogen that causes
listeriosis  in  immuno-compromised  individuals
(Meghdadi et al., 2019) with a fatality rate of 20-30%
(Moreno et al., 2014). In humans, listeriosis manifests
with symptoms like encephalitis, septicemia, and
meningitis.  Furthermore, listeriosis may induce
gastroenteric symptoms in humans and lead to stillbirths
or spontaneous abortions in pregnant women. In animals,
it can be linked to clinical listeriosis, marked by
symptoms such as abortion, encephalitis, and septicemia
(Matle et al., 2020). Studies have confirmed its presence
in foods such as meat, milk, cheese, fish, fruits, and
vegetables (O’Grady et al., 2009). Distinguishing itself
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processing equipment (Kayode and Okoh, 2022). The
average mortality of L. monocytogenes is higher than
other foodborne pathogens like Campylobacter species.
(0.02-0.1%), Salmonella enteritidis (0.38%), and Vibrio
spp. (0.005-0.01%) in terms of disease severity (Swetha
et al., 2012). Its pathogenicity is linked with two key
virulence factors; hly A and prfA genes encode
listeriolysin O (LLO) and transcriptional proteins for
virulence genes, respectively. These virulence genes are
responsible for listeriosis upon consumption of
contaminated food (Elsayed et al., 2022).

After the isolation of the first multi-drug resistant
(MDR) strain in 1988, the L. monocytogenes antibiotic
resistance profile has constantly increased in different
environmental and food sources (Wieczorek and Osek,
2017). Several studies from different countries showed
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that the prevalence of antibiotic resistance in L.
monocytogenes varied from 0.6% to 59% based on the
sources from which they were isolated (Shamloo et al.,
2019). These antibiotic resistance levels are influenced
due to geographical differences and selective pressure
due to the irrational use of antibiotics in agriculture,
humans, and cattle (Elsayed et al., 2022).

A concerning situation is unfolding in Pakistan due to
the emergence of this pathogen that poses significant
health risks to a population where strict adherence to
hygiene procedures is lacking. It is also increasingly
developing resistance to treatment, and the overuse of
antibiotics is exacerbating this issue. In Pakistan, several
studies on the isolation and identification of L.
monocytogenes from dairy, meat products, and other
foods have been conducted (Chandio et al., 2007; Samad
et al., 2020; Zafar et al., 2020), but none of the literature
shows the isolation, and antibiotic profiling of L.
monocytogenes from the meat found in markets of
Rawalpindi and Lahore. Considering these factors, the
study aimed to assess the microbiological quality, with a
specific focus on L. monocytogenes, in various meat
varieties available in the markets of said cities. The
objectives included isolating and identifying the
bacterium using molecular techniques and profiling
antibiotic resistance to gauge the resistance levels in
isolates sourced from different outlets.

Materials and Methods

Collection of samples

A total of 287 samples including fresh fish (n=126),
fresh chicken (n=142), and frozen and processed chicken
meat (n=19) were gathered from September 2021 to
March 2022 from different retail markets in Lahore and
Rawalpindi. The meat samples were only collected from
healthy-looking animals. The samples (25 gm) were
taken aseptically in sterilized PBS solution and
transported to the laboratory immediately for further
processing.

Reference strain

L. monocytogenes ATCC culture (ATCC 13932) was
obtained as the reference strain for isolating and
identifying the bacterium.

Isolation of L. monocytogenes

Bacterial isolation was done according to the
guidelines given by the Drug Administration
Bacteriological Analytical Manual (March 2017) and
U.S Food. The samples were firstly enriched in Listeria

Enrichment Broth containing Enrichment Supplement
(SR0O141 OXOID, UK) and incubated at 37°C for 48 h.
After the incubation, a loop full culture was streaked on
PALCAM agar (CMO0877 OXOID, UK) -containing
PALCAM  (Polymyxin-Acriflavine-Lithium-Chloride-
Ceftazidime-Aesculin-Mannitol) selective supplement
(SR0O150 OXOID, UK) was incubated at 37°C for 48 h.
Grey-green colored colonies with black halo zones were
purified from the plate and further identified by Gram
Staining, Catalase, VP (Voges Proskauer), and CAMP
tests.

Molecular characterization

PCR was wused to confirm suspected L.
monocytogenes isolates using a molecular technique.
Using the QIAamp DNA Mini Kit (Qiagen, Cat# 51306,
USA), DNA was extracted from purified cultures
following the manufacturer’s instructions. Until further
processing, the extracted DNA was stored at -20°C. Two
genes were targeted for molecular identification, a
Listeriolysin Positive regulatory protein prfa and a
Listeriolysin O hly gene (Jung et al., 2013) which are
part of Listeria Pathogenicity Island called LIP-1. Primer
sequences and the expected base pair size of both genes
are listed in Table 1.

12.5 pL of Dream Taq Green PCR master mix, 8.5
uL of nuclease-free water, 1 uL of forward primer, 1 pL
of reverse primer, and 2 uL of extracted genomic DNA
were mixed to make 25 pL total volume of each reaction.
Positive and negative controls were also used for test
validity. Thermal cycler “T100” (BioRad, USA) was
used under the following thermal conditions: an initial
denaturation for 7 min at 95°C, 35 X cycles of
denaturation for 45 s at 94°C, annealing for 45 s at 50°C
for prfa and 49°C for 45 s for the hly gene, extension at
72°C for 45 s, and a final extension at 72°C for 10 min.
The PCR product was resolved on a 1.2% agarose gel
containing ethidium bromide at 100 V for 30 min. Gel
was visualized by Bio-Rad in a Gel Documentation
System.

Phylogenetic analysis

PCR-positive isolates (selected isolated) were
sequenced via base-Asia Singapore by single pass
genome analyzer. The results were analyzed using
BioEdit and MEGAX Softwares and sequences were
searched at NCBI server using BLAST suite. Amino acid
codes for sequences were obtained using the EXPASY
online tool. Sequences of these isolates were submitted
to NCBI Banklt and accession numbers were obtained.
The phylogenetic tree of the peptide chain release factor

Table 1: Primers sequences of prfa and hly gene for identification of L. monocytogenes

Primer sequence (5°-37) Target genes

F: AACCAATGGGATCCACAAG prfa
R: ATTCTGCTAACAGCTGAGC

F: CAAACTGAAGCAAAGGATGCA hly
R: CAAACTGAAGCAAAGGATGCA

Species Expected amplicon size (bp)
Listeria monocytogenes 479 bp
496 bp
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Table 2: Details of antibiotic resistance genes for the confirmation of resistance in L. monocytogenes isolates

Antibiotic Gene Primer sequence Target size Reference

Tetracycline tet(M) F: GTAGCGACAATAGGTAATAGT 360 bp Duran et al. (2012)
R: GTAGTGACAATAAACCTCCTA

Erythromycin msr(A) F: GCAAATGGTGTAGGTAAGACAACT 400 bp Schlegelova et al. (2008)
R: ATCATGTGATGTAAACAAAAT

Vancomycin vanA F: CATGGCAAGTCAGGTGAAGA 233 bp AbdulRazzaq et al. (2022)
R: CCGGCTTAACAAAAACAGGA

protein of isolates and their homologs were constructed
using the Neighbor-Joining method at a bootstrap value
of 100 by using MEGAX software.

Antibiotic susceptibility

The antibiotic susceptibility was tested using the Disk
Diffusion method against seven antibiotics including
Ampicillin (10 pg), Tetracycline (30 pg), Erythromycin
(15 pg), Chloramphenicol (30 pg), Gentamicin (10 pg),
Vancomycin (30 pg) and Trimethoprim (1.25 pg). Fresh
bacterial inoculum isolates were prepared by mixing
purified colonies into sterile normal saline. The inoculum
was standardized to McFarland standard 0.5 and a
uniform bacterial lawn of this culture was made on
Muller-Hinton (MH) agar plates. Antibiotic disks were
applied on these plates followed by incubation for 24 h at
37°C. Zone of inhibition (ZOI) was calculated in
millimeters and compared with Clinical Laboratory
Standards Institute (CLSI) 2017 to categorize the isolates
as sensitive, resistant, and intermediate (Doumith et al.,
2004).

Antibiotic resistance via molecular identification
All the isolates of L. monocytogenes either exhibiting
susceptibility or resistance against antibiotics were
molecularly screened for three different genes
responsible for resistance. The details are given in Table
2. A combination that reacts to make 25 uL, 12.5 pL of
Dream Taq Green PCR master mix, 8.5 uL of nuclease-
free water, 1 uL of forward primer, 1 uL of reverse
primer, and 2 pL of extracted genomic DNA were
mixed. Positive and negative controls were also used for
test validity. The positive controls (DNA) were acquired
from the reference laboratory whereas negative controls
had no template DNA. Thermal cycler “T100” (BioRad,
USA) was used to carry out the PCR reaction. The
conditions of the thermocycler were according to the
literature, for tet (K) (Duran et al., 2012), msr (A)
(Schlegelova et al., 2008), and van A (AbdulRazzaq et
al., 2022) were consulted. The PCR product was
resolved on a 1% agarose gel containing ethidium
bromide at 90 V for 40 min and visualization was
performed by Bio-Rad in a Gel Documentation System.

Results

Isolation of Listeria monocytogenes
Out of 287 samples, 44 were biochemically positive
for L. monocytogenes. Molecular identification
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confirmed 37 isolates as L. monocytogenes out of 44
(84.09%). These 37 isolates were positive for both prfa
and hly genes. The distribution of L. monocytogenes in
meat samples was 12.89% based on molecular detection.
Figure 1 presents L. monocytogenes prevalence in
different types of meat samples. The pathogen is most
prevalent in fresh fish meat (19%) followed by frozen
and processed meat (15.7%), and fresh chicken meat
(9.5%).

Frozen/Processed Chicken 15.70%
]
=
= )
s Fresh Chicken 9.50%
S
°©
@
=
= Fresh Fish 19%

0% 5% 10% 15% 20%
Prevalence

Fig. 1: Listeria monocytogenes prevalence in different kinds of
meat

Phylogenetic analysis

The accession numbers of isolates of L.
monocytogenes from chicken meat submitted sequences
are 2CHN-RWP-NL-F (accession number; ON859912),
10-CHN-RWP-NL-F (accession number; ON933793),
32-CHN-RWP-NL-F (accession number; ON933794),
and 35-CHN-RWP-NL-F (accession number;
ONO933795). The accession numbers of L.
monocytogenes isolated from fish meat are 5-FISH-
RWP-NL-F (accession number; ON933790), 9-FISH-
RWP-NL-F (accession number; ON933791), 17-FISH-
LHR-NL-F (accession number; ON933792). The release
date is December 30, 2022 (Fig. 2).

Antibiotic susceptibility profile

L. monocytogenes antibiotic resistance profile was
determined by disk diffusion assay. Antibiotic zones
were grouped as sensitive (S), intermediate (I), and
resistant (R) according to CLSI (2017) and EUCAST
(European Committee on Antimicrobial Susceptibility
Testing 2017). The antibiotic susceptibility profile of L.
monocytogenes revealed that the highest resistance was
found against Vancomycin (43.2%) followed by 37.8%
for Gentamicin, 18.9% for Erythromycin and 10.8% for
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Trimethoprim and Tetracycline. All isolates were found
sensitive to chloramphenicol (Table 3).

Table 3: Antibiotic susceptibility profile of L. monocytogenes
isolates

Antibiotic Sensitive Intermediate Resistant
(%) (%) (%)
Ampicillin 35 (94.59%) 0 (0%) 2 (5.4%)
Vancomycin 21 (56.7%) 0 (0%) 16 (43.24%)
Gentamicin 18 (48.64%) 5(13.5%) 14 (37.83%)
Tetracycline 30 (83.78%) 2 (5.4%) 5 (10.81%)
Erythromycin 10 (27.02%) 20 (54.05%) 7 (18.91%)
Chloramphenicol 31 (83.7%) 6 (16.21%) 0 (0%)
Trimethoprim 33 (89.1%) 0 (0%) 4 (10.81%)

5 WDW32846.1:1-167 Listeria monocytogenes
2 A 10-CHN-RWP-NL-F (ON933793)
A 32-CHN-RWP-NL-F (ON933794)
E § WET51930.1:1-167 Listeria monocytogenes

A 35-CHN-RWP-NL-F (ON933795)
5 A O-FISHRWP-NL-F (ON933791)
A 5-FISH-RWP-NL-F (ON933790)

95 A 1TFISHLHR-NL-F (ON933792)
WET51931.1:1-167 Listeria monocytogenes
n EKZ4543842.1:65-239 Listeria monocytogenes
H WP 185635561.1:65-239 Listeria ivanovii

HAK1223277 1:37-211 Listeria monocytogenes

WP 069029448 1:65-239 Listeria monocytogenes
EAL05632.1:65-239 Listeria monocytogenes serotype 1/2a str. F6854
MCP7064492.1:24-198 Listeria monocytogenes
EFR83443.1:16-190 Listeria monocytogenes FSL F2-208
WP 070238359.1:65-239 Listeria monacytogenes
EHL2556835.1:65-239 Listeria monocytogenes

2 EKZ1651971.1:65-239 Listeria monocytogenes

2 EHL2506810.1:65-239 Listeria monocytogenes
HBL8262799.1:31-205 Listeria monocytogenes
EIP9785733.1:1-175 Listeria monacytogenes

1 EIR9714035.1:65-239 Listeria monocytogenes

b

Fig. 2: Phylogenetic tree of the peptide chain release factor
protein of L. monocytogenes isolates. The isolates are shown as
black-cloured arrowheads

a
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Fig. 3: Results of molecular screening of the isolates for
antibiotic resistance genes on agarose gel under UV. (a) Van A
gene- shows the presence of L (100 bp ladder), P (positive
control), 233 bp band for L. monocytogenes isolates, and N
(negative control), (b) ret(M) gene, represents L, P, and 360 bp
band size in bacterial isolates with N, and (¢) msr (A) gene,
shows L, P, and bands of 400 bp in bacterial isolates

Antibiotic resistance via molecular identification

The isolates exhibiting resistance  against
Vancomycin, Tetracycline, and Erythromycin were
confirmed via molecular characterization. Of all the

bacterial isolates, 13 isolates were found to be positive
for the VanA gene, and 10 isolates were positive for the
tet(M) gene. Similarly, of all the L. monocytogenes
isolates 16 were found to be positive for the msr(A) gene
(Figs. 3a-c).

Discussion

L. monocytogenes is a food-borne pathogen of public
health significance due to its great fatality rate. Several
outbreak investigations suggest its transmission via food
contact with contaminated surfaces, packing processes,
and unhygienic processing units. To our knowledge, this
is the first report on the isolation and antibiotic
susceptibility analysis of L. monocytogenes from three
different kinds of meat samples taken from retail markets
in Lahore and Rawalpindi. Fresh fish and chicken
samples were collected from various markets of both
cities, whereas frozen meat was purchased from
superstores of Lahore.

In Pakistan, L. monocytogenes is found to be
prevalent in poultry (Garcia et al., 2003), milk and dairy
products (Chandio et al., 2007), and raw vegetables
(Samad et al., 2020). In this study, this pathogen was
isolated from 12.8% of the samples. These findings are
closely related to a study that demonstrated a 12.3%
prevalence from food samples in Ireland (O’Grady ef al.,
2009), another study reported a 13.7% prevalence of the
pathogen in raw meat from retail markets of Belgium
(Uyttendaele et al., 2009). A study in Bangkok reported
15.6% L. monocytogenes prevalence in raw meat
products which is very close to our findings
(Indrawattana et al., 2011). All these studies signify our
findings on the prevalence of L. monocytogenes in meat.

Multiple studies have reported the high prevalence of
L. monocytogenes in fish and its products as compared to
other food items (Skowron et al., 2019; Zakrzewski et
al., 2023). In our study, 19% of the pathogenic isolates
were also from fresh fish meat samples. Based on data
from the European Food Safety Authority (EFSA) in
2016, fish and fishery products were the most commonly
associated sources of L. monocytogenes infections
(Authority, 2017) which signifies the role played by
seafood in the transmission of this food-borne pathogen.
The reason could be that Listeria spp. is part of the
indigenous microflora in surface water, which can
contaminate the fish swimming in that water (Jami et al.,
2014).

The rising popularity of lightly preserved and ready-
to-eat (RTE) food products has led to an elevated
occurrence of L. monocytogenes, posing a notable public
health risk (Jami et al., 2014). In our study findings,
15.7% of the bacterial isolates were from frozen and
processed meat samples, which is alarming. Its
prevalence in frozen meat samples was reported to be
17.5% by a study conducted in Faisalabad which is very
close to our results (Mahmood et al., 2003). Another
study has also reported the presence of said pathogen
(26%) in frozen cooked shrimp, cooked crabmeat, and
raw seafood (Kataoka et al., 2017). The entry of L.

IJVR, 2025, Vol. 26, No. 1, Ser. No. 90, Pages 34-40



38

Iranian Journal of Veterinary Research, Shiraz University

monocytogenes into the food production chain is mainly
facilitated through cross-contamination in manufacturing
plants. Also, the high prevalence in frozen meat is
associated with the nature of the bacterium to grow and
survive at lower temperatures for a long time (Jami ez al.,
2014). The food industry is alarmed by L.
monocytogenes’ capacity to acclimate to refrigerated
conditions and its capability to create biofilms
(Hoffmann et al., 2015).

Poultry is considered a cheap source of proteins
owing to which it is the most consumed form of meat
around the globe, which also makes poultry a vital
element in the transmission of several food-borne
pathogens. In this study, 9.5% of the L. monocytogenes
isolates were from fresh chicken meat samples. The
reduced presence of the pathogen in fresh chicken meat
can be ascribed to the practice in Pakistan where poultry
meat is not refrigerated after slaughter. At room
temperature, the competitive flora on the meat inhibits
significant growth of the bacterium (Oliveira et al.,
2018). Numerous other studies have also documented the
presence of L. monocytogenes in poultry meat, showing
varying levels of prevalence (Mahmood et al., 2003;
Kalorey er al., 2005; Indrawattana et al., 2011).
Variations in the prevalence of the bacterium across
different countries may stem from distinct slaughtering
practices, insufficient training of handlers, the absence of
modern techniques, and the adoption of unhygienic
measures in those regions (Sohaib and Jamil, 2017).

The isolation of L. monocytogenes from fresh meat
samples suggests inadequate hygienic conditions, lack of
training, and potential cross-contamination at retail
shops. It is rendered inactive through processes like
pasteurization and thorough cooking thus preventing the
spread of pathogens through raw meat. However, this
bacterium is frequently detected in food processing
plants, where it can establish residency within the
facilities and develop biofilms on surfaces used in the
processing and ends up in frozen/RTE food (Matle et al.,
2020). Hence, it is imperative to provide training for
meat handlers to ensure the maintenance of hygienic
conditions in processing units and retail shops
(Hoffmann et al., 2015).

The sole recourse for treating listeriosis is antibiotics,
yet the antimicrobial resistance exhibited by L.
monocytogenes is recognized as a significant health
concern, posing challenges for the management of
outbreaks and human illnesses. The resistance of L.
monocytogenes to various antibiotics, coupled with
limited available data in Pakistan, presents a challenging
situation for its control. Results of this study show that
43%, 37%, 18%, and 10% of isolates were resistant to
vancomycin, gentamicin, erythromycin, tetracycline, and
trimethoprim, respectively. In contrast to current data, a
Zambian study of 2022 documented the highest
resistance  percentages to  Tetracycline  (30%),
Clindamycin (61%), and Erythromycin (13%) (Mpundu
et al., 2022). Disparities in the antibiotic susceptibility
patterns among L. monocytogenes isolates from various
countries could be attributed to factors such as poultry
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and livestock management, agricultural practices (Yan et
al., 2010), inappropriate or excessive antibiotic usage,
and variations in strains influenced by geographical
factors (Abdollahzadeh et al., 2016).

L. monocytogenes antibiotic resistance is acquired
and transferred by plasmids and transposons (Osaili et
al., 2011). Exposure to pH, cold, and salt stress could
enhance this resistance properties. The capacity of
Listeria spp. to form biofilms, express efflux pump and
carry mobile genetic elements are among the primary
known factors contributing to antibiotic resistance

(Olaimat et al., 2018). To provide additional
confirmation, molecular characterization of three
antibiotic resistance genes was also conducted.

Tetracycline resistance is conferred by the tet(M) gene,
which is carried by mobile genetic elements. This gene
was identified in ten bacterial isolates. Literature has also
reported the presence of tet(M) in L. monocytogenes
isolates (Ji et al., 2023). vanA gene is responsible for
vancomycin resistance and is generally located on a
plasmid (Al-Brefkani, 2023). Results of this study show
that 13 bacterial isolates were positive for this gene. The
presence of vanA in L. monocytogenes is also reported by
other studies (Fugaban et al., 2021; Al-Brefkani, 2023).
Another gene, msr(A) which is responsible for providing
resistance against erythromycin was also screened.
Results showed that 16 of the isolates were positive for
this gene. Studies have also reported the presence of the
msr(A) gene (Swetha et al., 2021). This antibiotic
resistance pattern is concerning, and the resistance
against multiple classes of antibiotics indicates multi-
drug resistance (MDR), making it even more perilous.
Addressing antibiotic resistance in food requires
coordinated efforts from government bodies, regulatory
agencies, the food industry, healthcare professionals,
farmers, consumers, and international organizations to
ensure responsible antibiotic use and promote public
awareness (Bgtner et al., 2010).

In the current study, the antibiotic susceptibility
profile of the bacterial isolates revealed that most isolates
were sensitive to different antibiotics; Ampicillin
(94.5%), Tetracycline (83.7%), Chloramphenicol
(83.7%) and Trimethoprim (89.1%). This sensitivity
pattern of Ampicillin, Tetracycline, Chloramphenicol,
and Trimethoprim follows the studies of Du et al. (2017)
and Osaili et al. (2011) who demonstrated a sensitivity of
81%, 88.2%, 100%, and 100%, respectively. Our
findings show Ampicillin and Tetracycline to be most
effective against controlling this pathogen which is also
supported by others (Swaminathan and Gerner-Smidt,
2007; Shamloo et al., 2019).

In conclusion, the findings underscore the importance
of conducting broader-scale screening to gain a nuanced
understanding of L. monocytogenes prevalence in
Pakistan’s meat market. These insights not only enhance
our comprehension of the current scenario but also
provide a foundation for developing targeted strategies to
mitigate the risks associated with L. monocytogenes and
antibiotic resistance in the food supply chain.
Furthermore, the genotyping of isolates and molecular



Iranian Journal of Veterinary Research, Shiraz University

39

characterization of other resistance-related genes are
crucial steps for accurately assessing the potential threat
posed by antibiotic resistance. Future research and

surveillance efforts should continue to explore
innovative approaches for effective control and
prevention.
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