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Abstract

Pathogenic Escherichia coli (E. coli) is a significant foodborne pathogen that poses a serious global public health risk.
These pathogenic strains of E. coli can be found in various environments such as soil, water, livestock, livestock products,
and humans. This review aims to evaluate the role of livestock and the environment as potential sources and reservoirs of
pathogenic E. coli in Malaysia over the past two decades. A systematic search was conducted on PubMed, Scopus, Web
of Science, and Google Scholar databases using standardized keywords (Escherichia coli, Livestock, Abattoir workers,
Farm workers, and Malaysia) to identify relevant original research articles published between 2001 and 2023 and our
systematic review protocol was published in Prospero (Registration number: CRD42023433199). A total of 20 eligible
articles were included in this review. The prevalence of multi-drug resistant E. coli among livestock production system and
the environment, ranged from 4% to 100%. E. coli strains isolated from livestock production systems and environment in
Malaysia exhibited high potential for pathogenicity, with diverse enterotoxins, genes associated with antimicrobial resistance,
and virulence factors. Phylogroup B and D were noted among the E. coli isolates indicating that the strains in Malaysia are
highly virulent and extra-intestinal. High levels of resistance to antimicrobials particularly ESBL and colistin which are last
resort antimicrobials were noted. Butchering or processing of livestock, contamination of plants via contaminated waterways
or livestock manure are the main sources and reservoir for E. coli to spread in Malaysia. Continued surveillance, monitoring
and a comprehensive 'One Health' approach are recommended to effectively prevent and control livestock drug-resistant .
coli strains throughout the country.
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INTRODUCTION

Foodborne illnesses resulting from the consumption of contaminated
food are significant public health concerns worldwide (Simjee, 2007).
Escherichia coli (E. coli)holds a unique position in the microbial world as
it can cause life-threatening illnesses in animals and humans while also
comprising a significant portion of the autochthonous microbiota in various
hosts (Santos et al., 2020). This bacterium possesses remarkable adaptability,
allowing it to persist for extended periods without growth and survive in diverse
ecological niches. Such adaptability is attributed, in part, to the acquisition of
virulence genes through horizontal transfer of pathogenicity factors, plasmids,
bacteriophages, and transposons (Johnson and Russo, 2018).

E. coli can be classified into two distinct categories: pathogenic and
non-pathogenic strains. Commensal strains of E. coli, which are harmless,
aid in preventing the growth of harmful bacteria, synthesize vitamins, and
constitute the normal microflora of the intestine (Beauchamp and Sofos, 2010).
The pathogenic strains of E. coli can be further divided into two main groups:
those causing diarrhea, also known as intestinal E. coli, and those causing extra-
intestinal infections. Six distinct classes of pathogenic diarrhea-genic E. coli
have been identified based on their epidemiological and clinical characteristics,
specific virulence factors, enterotoxin production, and adherence phenotypes.
These classes include entero-pathogenic E. coli (EPEC), entero-aggregative E.
coli (EAEC), entero-hemorrhagic E. coli (EHEC) or Shiga toxin-producing E.
coli (STEC), entero-invasive E. coli (EIEC), entero-toxigenic E. coli (ETEC),
and diffuse-adhering E. coli (DAEC) (von Mentzer et al., 2014; Baumann et
al., 2018).

Livestock products are significant sources of protein in Malaysia.
However, due to potential contamination during the various stages of handling
from farm to table, these products can serve as vehicles for the transmission
of foodborne pathogens (Yusuf et al., 2020). E. coli is a dangerous pathogen
and one of the leading contributors to global foodborne illnesses (Aklilu et al.,
2021). Food poisoning caused by entero-toxigenic strains of . coli producing
enterotoxins is a common colibacillosis-related foodborne illness (Devan et al.,
2022). Examining the presence of this pathogen in livestock production systems
is crucial to ensuring food safety and protecting public health. Therefore, the
objective of this literature review was to determine the prevalence of pathogenic
and antimicrobial resistant . coli from livestock and to evaluate the potential
of livestock production systems and environment in Malaysia as sources and
reservoirs of pathogenic E. coli that may cause several infections in humans.

MATERIALS AND METHODS

Information sources and search strategies

According to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement, this systematic review was carried
out and reported (Moher et al., 2015). However, a search protocol was designed
and registered on the International Prospective Register of Systematic Reviews
(registration number: CRD42023433199). This registration guaranteed that no
other systematic review on the same topic in Malaysia is registered.
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To find relevant papers published between 1 January 2001 and
May 2023, systematic searches of PubMed, Scopus, Web of Science and Google
Scholar databases were conducted. Boolean operators (AND, OR) were used
to find studies using the keywords: Prevalence, Occurrence, Epidemiology,
Escherichia coli, Livestock, Poultry, Meat, Dairy cattle, Cattle, Goat, Birds,
Pigs, Swine, Pork, Abattoir, Slaughterhouse, Abattoir workers, Farm workers,
and Malaysia in the titles, abstracts. Additional studies were looked for in the
identified studies reference lists for possible inclusion in the review.

Eligibility criteria

To determine eligibility, the titles and abstracts of the identified studies
were screened and evaluated using the following inclusion criteria: any study
design except for experimental studies, English language, full-text journal
articles published between 2001 and 2023, and studies conducted in Malaysia.
Studies were excluded if they did not mention the sample source of the isolates
or if E. coli was not specifically mentioned as one of the isolates.

Study quality

The quality and reporting bias of the eligible studies were assessed
using the McMaster critical evaluation methods for quantitative and qualitative
studies. The evaluation considered the year of the study, study purpose, study
design, study location, animal type, sample type, and the method of detection
(Ducat and Kumar, 2015). This was done by two independent reviewers and
discrepancies were resolved through discussion.

Data extraction process

Whenever possible, the following details were extracted from the
studies: authors, study design, study location, proportion of E. coli isolates,
sample type, detection method used, and information on virulence genes,
resistance genes, antimicrobial susceptibility profiles, and genotypes of the E.
coli 1solates. These factors were considered important in the data extraction
process. Two independent reviewers were employed for this stage and
discrepancies were settled by employment of a third independent reviewer
through discussion.

RESULTS

Characteristics of eligible studies

For the purposes of this review, a total of twenty publications (Figure
1) from Malaysia were found pertinent. All of the articles (twenty) reported
studies from either livestock, livestock products, or environmental source.
Most of the studies reported more than one source of sample, and sampling
location.
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Figure 1 Flow diagram of the study selection process for inclusion in the review
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Distribution of percentage prevalence E coli among different

States in Malaysia

Twenty studies were considered for this systematic review across all
the thirteen States in Malaysia (Figure 2). Geographic distribution of E. coli
occurrence in Malaysia was conducted in this review. Two studies reported
peninsular Malaysia as their sampling location. Kelantan state has the highest
number of studies been conducted (seven), followed by Selangor (six), three
studies were reported in Pinang, two studies each were reported in Teranganu
and Perak while only one study was reported in Sabah and Sarawak States
of Malaysia with varying prevalence, virulence factors and antimicrobial
resistance (Table 1). Notably, not all of the States reported virulence factor and
antimicrobial resistance.
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Prevalence of E. coli among livestock, livestock products, and

its environment in Malaysia

Amongst the twenty studies that met the inclusion criteria and sampled,
most of the studies involved more than one sample type and some included
more than one sampling location (State). Twelve studies reported E. coli in
poultry, eight studies reported E. coli in cattle, six studies reported E. coli in the
environment while pig, sheep & goat were reported only once (Table 1). The
prevalence of E. coli amongst livestock, livestock products and environment
sampled varied across different sample type. The overall prevalence of E. coli
ranged from 4% to 100% among all the studies reviewed with poultry prevalence
ranging between 18.3% to 100%, cattle prevalence ranging between 4% to
100%, environmental prevalence ranging between 18.3% to 85% while pigs,
sheep and goat had a prevalence of 67.5% and 4% respectively (Table 1). Most
of the studies reported relatively low to moderately high prevalence rates of E.
coli ranging from 18.3% to 67.5% (Table 1). One of the studies did not report
prevalence rate of E. coli as part of its findings. Most of the studies conducted
were in Cattle, poultry and environment. Conversely, the prevalence rates of E.
coli among livestock samples vary even among the livestock species considered
from the studies conducted in Malaysia. Notably, most studies used more than
one method to identify and detect E. coli among the isolates (Table 1).

Virulence factors and antimicrobial resistant genes

Genes to several virulence factors including the entero-invasive,
entero-pathogenic, entero-haemorrhagic and entero-toxigenic were reported in
a number of the reviewed studies (Table 1). The Stx/, Stx2 & eaeA, Rfb0157,
flicH, VT1, VT2, LT, ST are part of the virulent genes reported in a number of
studies reviewed (Table 1). Also, several resistant genes including the colistin
and carbapenem genes were also reported in a number of studies reviewed.
None of the reviewed studies reported both virulence and resistant genes, while
some did not report either of the genes (Table 1).

Antimicrobial resistance profile

Thirteen studies from this review reported susceptibility profile to E.
coli, although some of these studies did not report the individual susceptibility
results of E. coli isolates against the respective antibiotics tested (Table 2). There
is a high resistance to almost all antimicrobials tested with much emphasis on
tetracycline, ampicillin and amoxicillin Clavulanic by the E. coli isolates from
this review ranging approximately between 60-96%. Seven studies reported
susceptibility profile of E. coli to tetracycline, six studies reported susceptibility
profile to ampicillin and chloramphenicol, five studies reported susceptibility
to amoxicillin/clavulanic acid, three studies reported susceptibility profile to
imepenem, ofloxacin, ceftazadime, kanamycin, gentamicin and ampicillin/
sulbactam, only two studies reported susceptibility results against erythromycin
and cefotaxime (Table 2). Even though none of the studies in this systematic
review showed 100% susceptibility of antimicrobials considered to be E. coli,
a study showed 97% and 99% susceptibility to gentamicin and cefotaxime
respectively (Table 2).
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Genotypes of pathogenic E. coli isolates from livestock, livestock

products and environment

From this review, nine studies reported at least one genotypic
characteristic of pathogenic E. coli isolates (Table 3). All the nine studies used
PCR as a method genotypic characterization of pathogenic E. coli isolates.
E. coli O157:H7 was detected in all the nine studies. One study reported
O139:H1, O130:H26, and O168:H21 E. coli serotype. Multi-locus sequence
typing (MLST) was conducted in two studies and sequence types were
reported namely, ST117, ST155, ST69 and ST410, ST155 respectively (Table
3). In addition, RAPD was conducted in two studies, PFGE typing was also
conducted in three studies, REP-PCR typing was conducted in two studies and
phylotyping was conducted also conducted in three studies (Table 3).
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DISCUSSION

The objective of this systematic review was to examine the potential
sources and reservoirs of pathogenic E. coli in the livestock production systems
in Malaysia over the past twenty years. A comprehensive search yielded
numerous articles, out of which 20 studies were deemed eligible for inclusion in
this review. These 20 studies were conducted in various states across Malaysia,
with a majority of them focusing on the Kelantan region in the northeast and
the Selangor region in the central part of the Malaysian peninsula.

According to this review, the occurrence of E. coli from livestock,
livestock products, and the environment in Malaysia varied between 4% and
100%. The prevalence rates reported in different states of Malaysia were
relatively low, with ranges as follows: Kelantan (4% to 51.8%), Selangor (4%
to 100%), Pinang (4% to 51.8%), Terengganu (4% to 51.8%), Perak (4% to
67.5%), Kedah (4% to 33.5%), Sabah (9.8%), and Sarawak (9.8%). Only one
study in Selangor reported a prevalence rate of 100% among the reviewed
studies. These rates of E. coli prevalence among livestock and the environment
in Malaysia were lower than those reported in other parts of the world, such as
Nigeria (50.9%), South Africa (67.5%), and Zambia (98.67%) (Mainda et al.,
2015; Tanih et al., 2015; Aliyu et al., 2021).

It is worth noting that most of the studies included in this review reported
a low occurrence of E. coli, generally below 10%, with the highest average
being 51.8%. This disparity may be attributed to the under-researched nature of
E. coli in Malaysia. Moreover, the reviewed studies mostly had small sample
sizes. However, a few studies recorded E. coli rates above 40%. Surveillance
of zoonotic pathogenic E. coli has been implemented in hospitals, where it has
been found to cause serious infections (33%) in humans (Nazmul et al., 2008).
This emphasizes the importance of ongoing surveillance for these strains in
Malaysia, in case they emerge in hospital environments and further complicate
the treatment of infections in healthcare settings with limited resources. More
studies involving large commercial livestock farms should be conducted in
Malaysia, especially considering the rapid growth of the livestock industry.
The studies analyzed in this review employed multiple tests to identify and
detect E. coli in the isolates. This suggests that there have been improvements in
laboratory diagnostic capabilities in Malaysia, possibly through collaborations.
This is significant because misidentification of E. coli has been reported in
the past. The use of multiple methods ensures more rigorous speciation and
identification of E. coli. The reviewed studies in Malaysia revealed a high
occurrence of E. coli in livestock feces and environmental samples. Animal
feces are recognized as the primary source of pathogenic E. coli. The close
proximity between livestock and their environment facilitates the transmission
ofpathogenic bacteria among animals and between animals and the environment
(Gaddafi et al., 2022).

In this review, six studies reported a high prevalence of E. coli in
environmental samples across peninsular Malaysia. Animal waste, sewage from
farming operations, manure/slurries used as fertilizers or for silage preparation,
and livestock grazing contribute to the infection and reinfection of livestock.
The presence of E. coli in the soil promotes its spread among livestock, and its
presence in the environment poses a risk of human infections (Mohamed et al.,
2022).
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Interestingly, the studies included in this review also reported the prevalence
of E. coli in livestock and livestock products. Pathogenic bacteria can be found
in the meat of infected animals or can contaminate carcasses through improper
slaughtering and processing. Unhygienic practices by farm workers can lead
to the contamination of milk during milking. Ingesting raw or undercooked
contaminated beef, consuming unpasteurized milk, or drinking untreated water
can result in infections caused by pathogenic bacteria, particularly E. coli
(Yusuf et al., 2020).

The reviewed studies identified several antimicrobial resistant and
virulent genes in E. coli isolates from livestock, livestock products, and the
environment. Notably, the most commonly isolated E. coli virulent genes were
Stxl, Stx2, eaeA, Rfb0157, flicH, VT1, VT2, LT, and ST. The presence of these
genes suggests that E. coli isolates from livestock, livestock products, and
the environment in Malaysia pose a significant risk as a cause of foodborne
infections, especially for consumers of these products. The detection of genes
such as Stx/, Stx2, Rfb0157, and flicH indicates the presence of shiga-toxin-
producing E. coli serotype O157:H7, which can cause severe illness in humans.
These serotypes are responsible for foodborne infections in both livestock and
humans and are referred to as zoonotic E. coli. The detection of Shiga-like
toxins is a valuable tool for identifying entero-hemorrhagic E. coli strains
(Vieira, 2010; Mohamed et al., 2022).

Carbapenem and colistin resistance genes in E. coli were detected in six
studies, and their prevalence rates were relatively high. Genes such as mcr-1,
blaTEM-52, blaNDM, and blaOXA-48 are commonly found in communities
where these antibiotics are indiscriminately used. The presence of carbapenem
and colistin resistance genes increases the likelihood of multidrug-resistant
E. coli being transmitted between humans, livestock, and the environment
in Malaysia. Malaysia was among the first countries to report the emergence
of the colistin gene in Entero-bacteriaceae, primarily from livestock and
environmental samples, according to the National Surveillance of Antimicrobial
Resistance reports (Hsu et al., 2017; Devan et al., 2022). Colistin is considered
a last-resort antibiotic for treating life-threatening infections, particularly
in the face of global B-lactam and carbapenem resistance. The emergence
of resistance to colistin has raised widespread concerns, leading the World
Health Organization (WHO) to designate it as the "Highest Priority Critically
Important Antimicrobial" (Organization, 2018).

ESBL-resistant E. coli is among the most common causes of bloodstream
infections, community and hospital-acquired urinary tract infections, and
foodborne infections, with associated increased mortality rates, hospitalization
costs, prolonged hospital stays, and a limited range of treatment options. Several
studies have consistently highlighted the role of livestock and its products in the
transmission of multidrug-resistant bacteria among the human population and
the environment, posing challenges to food safety and environmental health.
Improper handling of livestock during slaughtering, dressing, processing, and
retailing has been identified as a major pathway for the horizontal transfer
of ESBL-EC, contributing to its global dissemination. ESBL-EC has been
reported as a significant concern in the Malaysian healthcare setting, with
research demonstrating the potential role of livestock meat as a major reservoir
for human exposure to ESBL-EC. The interspecies transmission of these
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bacteria poses challenges for the treatment and prevention of infections. The
findings of this review indicate that E. coli isolates associated with livestock in
Malaysia are potentially virulent and can cause infections in humans once they
enter the human host.

In this review, we observed that the resistance patterns of E. coli
isolates against a panel of 15 antimicrobials were generally similar across
the states where the studies were conducted (Sarawak, Sabah, Selangor,
Perak, Kedah, Kelantan, Terengganu, and Pahang). However, there were
significant differences in the antimicrobial resistance profiles between these
states. These variations in resistance profiles can be attributed to geographic-
specific mis-use on certain classes of antimicrobials (carbapenem, tetracycline,
chloramphenicol and cephalosporin). There was a high prevalence of E. coli
resistance to tetracycline, ampicillin, chloramphenicol, and sulfamethoxazole/
trimethoprim, which was consistent across all the states in this review. This
resistance pattern reflects the widespread use of these antimicrobials in livestock
operations and other agricultural activities (Tang et al., 2017). It is worth noting
that most of these antimicrobials are also used in human medicine, particularly
tetracycline, chloramphenicol, sulfamethoxazole/trimethoprim, and ampicillin.
These findings align with a report by (Gaddafi et al., 2021) that found a similar
antimicrobial resistance profile in pigs and farm attendants in Nigeria.

The increasing cases of antimicrobial resistance in humans have been
linked, in part, to the transmission of pathogens from animals to humans. This
review showed that E. coli isolated from livestock, livestock products, and
environmental sources in Malaysia exhibited multidrug resistance to commonly
used antimicrobials in both animals and humans. Furthermore, the majority of
the isolated E. coli strains had a Multiple Antimicrobial Resistance (MAR)
index greater than 0.2. E. coli is the predominant bacterium associated with
bacterial infections in livestock, causing significant health problems, increased
mortality, reduced production, and higher costs for disease prevention and
treatment. A wide range of antimicrobials is commonly used in livestock
production, primarily administered orally, to prevent and treat diseases and
enhance growth and productivity (Gaddafi et al., 2022).

Notably, only two of the reviewed studies reported the presence of
medically important MLST sequence types, namely ST117, ST69, and ST155,
in livestock. Both ST117 and ST155 were found in ESBL-producing E. coli
strains from the community in Malaysia (Dwiyanto et al., 2022), and they have
also been reported in humans, food animals, and retail meat sources in Europe
(Manges, 2016). This evidence suggests that livestock serve as reservoirs for
the zoonotic transmission of pathogenic E. coli in Malaysia. Another report
highlighted the presence of phylotype B and class I and II integrons in livestock
and environmental samples in Malaysia, indicating that livestock and the
environment can be sources of human infection with pathogenic E. coli strains
(Ghaderpour et al., 2015; Aklilu et al., 2022). Therefore, concerted efforts and
measures must be implemented to control the spread of these strains.

The current review has few limitations including the fact that only four
recognized online databases were searched, and only articles written in English
were included, which could have resulted in the omission of relevant studies
or publications for this review. Furthermore, there is a lack of data on the risk
factors associated with the carriage of zoonotic E. coli from livestock to humans
in Malaysia. None of the studies included in this review reported sampling
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of both livestock, environmental samples, and humans. However, individuals
who have direct contact with livestock, particularly cattle, pigs, and poultry,
have been identified as being at a higher risk of colonization or infection with
pathogenic E. coli (Elmi et al., 2020).

CONCLUSIONS

Thisreview examined 20 studies focusedon E. coliinlivestock production
systems and the environment in Malaysia. The collective findings from these
studies reveal the presence of potentially highly virulent strains of multi-drug-
resistant E. coli in livestock, livestock products, and the environment. These
strains can be transmitted to individuals at high risk who have frequent contact
with animals. Adopting an integrated 'One Health' approach is necessary to
address zoonotic E. coli and ensure effective prevention and control measures
against E. coli infections, as well as to combat antimicrobial resistance in both
animals and humans. Close monitoring and strict regulation of antimicrobial
usage in Malaysia's livestock production systems are essential, particularly due
to the potential for colistin resistance caused by improper use of colistin sulfate
in the poultry industry. This study may serve as a model for investigating the
role of human, animal, and environmental factors in the contamination of multi-
drug-resistant E. coli and other relevant microbes in relation to food safety.
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