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A B S T R A C T   

Rattus spp. may acquire and disseminate antimicrobial resistant bacteria or antimicrobial resistance (AMR) 
genes. We conducted a scoping review to synthesize available research findings on AMR in Rattus spp. and to 
describe the size and scope of available literature on AMR epidemiology in Rattus spp. The review was performed 
according to Preferred Reporting Items for Systematic Reviews and Meta-Analysis extension for Scoping Reviews 
(PRISMA-ScR). The search focused on scientific peer-reviewed publications focusing on AMR in peridomestic 
Rattus spp. The review was limited to publications in English available in PubMed, Web of Science and Scopus 
between 2000 and 2021. The results were summarized descriptively. Thirty-four studies conducted in twenty-one 
countries were included in this scoping review. Twelve bacterial species with AMR were identified with 
Escherichia coli and Staphylococcus aureus being the two most commonly reported. The resistant bacteria were 
isolated from species of peridomestic Rattus spp. in which R. norvegicus and R. rattus were the two most 
commonly studied. Rats were also found to carry multi-drug resistant (MDR) bacteria including extended- 
spectrum beta (β)-lactamase (ESBL), methicillin-resistant Staphylococcus aureus (MRSA), colistin-resistant 
Enterobacteriaceae (CoRE), and vancomycin-resistant Enterococci (VRE). This scoping review suggests that 
peridomestic Rattus spp. can carry multiple antimicrobial resistant bacteria, indicating their potential to serve as 
reservoirs and spreaders of AMR thus posing a threat to human and animal health.   

1. Introduction 

Antimicrobial resistance (AMR) creates significant challenges in 
treating bacterial infections in both animals and humans. The rise and 
spread of antimicrobial resistant microbes, in the past several decades 
pose a serious threat to global health [1,2]. Antimicrobial resistance 
increases morbidity and mortality, and has a significant impact on the 
treatment duration and costs [3]. It was estimated that infections with 
antimicrobial resistant bacteria claimed the lives of a million people 
worldwide in 2019 and this number was predicted to become 10 times 
higher by 2050 [4]. The epidemiology of AMR is complex and still not 
entirely understood. While several studies have focused on AMR in 

humans and domestic animals, little is known about the potential role of 
wildlife in the maintenance and transmission of AMR [5]. Peridomestic 
animals, such as various species of rodents and birds, could be partic-
ularly of interest as they may serve as reservoirs and spreaders of 
resistant bacteria that they uptake from their environment [1]. 

Cosmopolitan rattus species, such as brown rats (R. norvegicus) and 
black rats (R. rattus) are well adapted to living alongside people in a 
variety of rural and urban habitats [6]. They are known carriers of 
several zoonotic pathogens including Yersinia pestis, the etiologic agent 
of the plague, and Leptospira interrogans, the causative agent of lepto-
spirosis [7]. Several studies have demonstrated that rats can carry 
antimicrobial resistant bacteria. These include extended-spectrum beta 
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(β)-lactamases (ESBL) [8] and methicillin-resistant Staphylococcus 
aureus (MRSA) [9,10]. As rats live in close association with people, they 
could potentially carry human-derived antimicrobial resistant bacteria 
and further disseminate these in the environment and to other people or 
animals. 

The majority of resistant bacteria carried by peridomestic rats is 
considered to be of anthropogenic origin [11,12]. Misuse and overuse of 
antimicrobial agents in both human and veterinary healthcare promote 
the evolution of AMR among different bacteria [13]. For example, 
inappropriate disposal of antimicrobial products leads to the contami-
nation of antimicrobial residues in the environment and results in 
further selective pressure [11]. Wastewater from residential areas, 
sewage effluent from hospitals, farm animal slurry and manure 
(including aquaculture) are sources of antimicrobial resistant bacteria 
and AMR genes, which are disseminated in the environment and can be 
acquired by rats [1,2,14]. 

The objective of this scoping literature review is to consolidate and 
describe the published research on AMR in peridomestic Rattus spp. as 
well as to resolve areas of interest and knowledge gaps on the potential 
role of rats in the complex epidemiology of AMR. Specifically, this re-
view aims to: 1) identify the species and frequency of antimicrobial 
resistant bacteria carried by peridomestic rats globally; and 2) describe 
the phenotypic and/or molecular profile of AMR in these bacteria. 

2. Materials and methods 

2.1. Literature sources and search strategies 

A systematic search of the literature was conducted according to the 
Preferred Reporting Items for Systematic Reviews and Meta-Analysis 
extension for Scoping Reviews (PRISMA-ScR) [15]. We searched for 
scientific peer-reviewed publications available in the following elec-
tronic databases: PubMed, Web of Science and Scopus. Gray literature 
was not included in this scoping review because there is no standard 
method for performing gray literature search [16]. In order to obtain the 
most recent epidemiological data, searches were limited to studies in 
English that were published from January 1st, 2000 to July 2nd, 2021, 
because the number of studies about AMR in wildlife began to increase 
just over a decade ago [17]. Moreover, molecular methods for AMR 
identification and characterization, such as DNA sequencing, became 
widely available using standard protocols after 2000 [18]. The search 
included medical subject headings (MeSH) and keywords from three 
domains: “AMR”, “rat”, and “bacteria”, present in the title and/or the 
abstract. The combination of terms from the three domains is shown in 
Table S1. 

2.2. Inclusion and exclusion criteria 

An article was included if it fulfilled the following criteria: 1) pre-
sented primary research (observational study) on AMR in bacteria; 2) 
the study population included peridomestic Rattus spp. caught in their 
natural habitats; 3) described the methods used to characterize the AMR 
phenotype or genotype; and 4) reported the presence of AMR in bacteria 
from rats. 

An article was excluded if: 1) it was an experimental study or a re-
view; 2) the study population was laboratory, captive, or transgenic rats; 
or 3) it used bacterial isolates derived from other independent studies. 

2.3. Study selection 

Every document retrieved from the bibliographic databases was 
uploaded to rayyan.ai [19]. Duplicates were removed, and the remain-
ing articles were screened by two reviewers following a two-step 
approach. In the first step, the titles and abstracts were screened based 
on the exclusion criteria. Publications were excluded through mutual 
agreement. The second step included a full-text review for the eligibility 

of publications based on the inclusion criteria. The process of study se-
lection is presented in Fig. 1. 

2.4. Data extraction 

Data from the articles included for the final analysis were extracted 
into a spreadsheet using Microsoft Excel [20] with 22 pre-determined 
variables (i.e., rat species, sample types, bacterial species, and 
methods for detecting AMR (Table S2). Data extraction and results 
verification were done by the first author. 

The extracted data of antimicrobial resistant bacteria were grouped 
into two broad categories, including drug-resistant (DR), which was 
defined as being resistant to one or two antimicrobial classes, and 
multidrug resistant (MDR) for those bacteria resistant to at least one 
antimicrobial in three or more antimicrobial classes [21]. In this review, 
MDR was divided into specific and non-specific MDR. The term “specific 
MDR” was applied to ESBL, MRSA, Vancomycin-resistant Enterococcus 
(VRE), Colistin-resistant Enterobacteriaceae (CoRE), Fluoroquinolones- 
resistant Enterobacteriaceae (FQRE), and Methicillin-resistant 
S. pseudintermedius (MRSP). All remaining MDR were defined as “non- 
specific”. The results for DR and MDR bacteria are presented separately. 
In this review, the term “rats” is used collectively for all Rattus spp. when 
the species are not specified. 

3. Results 

The initial literature search identified a total of 2413 records of 
which 69 articles were included for full-text review. An additional 35 
articles were removed because they did not meet the inclusion criteria; 
e.g., Rattus spp. were not in the study population or bacterial isolates 
originated from other studies. As a result, 34 articles were included in 
the scoping review (Fig. 1). 

Most studies on AMR in peridomestic rats were published after 2011 
(31/34 articles) [6,9–12,22–47]. The countries of the selected studies 
are presented in Fig. 2. Rattus norvegicus or brown rats were the most 
commonly studied Rattus spp. (30/34) [6,9–12,23–30,32–36,38–45, 
47–50], followed by R. rattus or black rats (15/34) [6,10,11,25– 
27,31,33–36,40,46,47,49]. Four studies reported other rat species, 
including R. tanezumi (Asian house rat), R. argentiventer (ricefield rat), R. 
exulans (Polynesian rat), R. andanamensis (Indochinese forest rat), R. 
losea (lesser ricefield rat), and R. nitidus (Himalayan rat) (Table 1). 

3.1. Rat sampling and antimicrobial resistance testing 

Rat collection was performed using live traps in more than half of the 
studies (22/34) [6,9,10,22–30,32,35,36,40,41,45–48,50] while kill 
trapping was used in only four studies [12,25,39,49]. Rats in four studies 
were collected as part of pest control programs [33,34,38] or rodent- 
borne pathogen surveillance systems [50]. Four studies did not 
mention how rats were collected [11,31,37,40]. Most of the rats were 
collected from areas inhabited by humans, such as city centers (down-
towns), touristic areas, and around hospitals, markets, ports, treatment 
plants, and garbage sites. Seven studies specifically reported livestock 
farms, such as pig and chicken farms, as the rat collection sites (Table 1). 

Twenty-four articles studied AMR only in peridomestic rats 
[6,10,22,24,26,27,29–32,35,36,38–44,46–50] and nine studies 
included other species such as livestock (chicken, duck, pig, and cattle) 
[28,33,34,37], humans [9,23,25], companion animals (dog and cat) 
[33,34], and wildlife (shrew and iguana) [9,11,12]. One study also in-
tegrated data on rat abundance, weather, and microenvironmental 
characteristics [45]. Rat species were identified morphologically (19/ 
34) [10,11,23–27,31,33–36,38–40,43,45–47], or using DNA sequencing 
of the mitochondrial cytochrome b gene (3/34) [6,9,12], or molecular 
sequencing of cytochrome oxidase I (1/34) [28]. 

The most common samples collected from rats were gastrointestinal 
samples (31/34), including caecal and colon contents, fecal pellets, and 
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rectal swabs [6,9–12,22–24,26–32,34–46,48,50]. Studies on Entero-
bacteriaceae accounted for 51% of all bacteria (Fig. 3) and most focused 
on E. coli (61%), followed by Klebsiella spp., Salmonella spp., Proteus spp., 
and Enterobacter spp. (Table 1). 

Samples from the respiratory tract (13/34) included nasal parts, 
nasal/ nasopharyngeal swabs, oropharyngeal swabs, tracheal swabs, 
and lung tissues [9,10,24,25,33,36,38,39,41,45–47,49]. Respiratory 
samples were used to isolate gram-positive bacteria, such as Staphylo-
coccus spp. (30% of all bacteria), especially Staphylococcus aureus, which 
was the most common studied. Other species within the same genus 
described included S. pseudintermedius, S. epidermis, S. fleurettii, S. hae-
molyticus, S. sciuri, S. xylosus, and S. lugdunensis [24]. Other samples, 
such as blood, urine, and kidney tissue, were used to isolate Leptospira 
spp. in only one study [48]. 

Drug-resistant bacteria isolated from rats were reported in 15 
studies. Twenty-nine studies reported MDR, 24 of which identified the 
specific types of MDR, including ESBL (16/34), MRSA (11/34), CoRE (1/ 
34), VRE (1/34), FQRE (1/34), and MRSP (1/34) (Fig. 4 and Table 1). 

Twenty-four studies investigated both the phenotypes and the ge-
notypes of antimicrobial resistant bacteria. Eight studies characterized 
the antimicrobial resistant bacteria only phenotypically, and one study 

only conducted molecular analyses. The disk diffusion test (23/34) and 
minimum inhibitory concentration (MIC) methods (13/34) were used to 
characterize the AMR phenotypes. Twenty-one studies used polymerase 
chain reaction (PCR) to detect the AMR genes. Other molecular methods 
used in these studies included multi-locus sequence typing (MLST), 
whole genome sequencing (WGS), and microarrays (Table 1). 

3.2. Drug resistance (DR) and non-specific type of multidrug resistance 
(MDR) 

Fifteen studies reported DR in rats, nine of which included a non- 
specific type of MDR. There were 10 Rattus spp. reported in DR 
studies, including R. norvegicus, R. rattus, R. rattus sladeni, R. rattus dia-
rdii, R. tanezumi, R. argentiventer, R. exulans, R. andamanensis, R. losea, 
and R. nitidus. Four studies included other species such as livestock 
[28,37], and wildlife [11,12]. Most rats were captured alive and 
euthanized later for sample collection except in two studies where no 
information on rat capture was provided [11,43]. Fecal content was the 
main sample in these studies. Several other samples were collected, 
including fragment/tissue of colon [11,48], urine, kidney tissue [48], 
buccal swabs [45,48], and lung tissue [47]. Escherichia coli was the most 

Fig. 1. PRISMA-ScR diagram of the selection process of studies included in the scoping review, for antimicrobial resistance in peridomestic rats, 2000–2021.  

T. Uea-Anuwong et al.                                                                                                                                                                                                                         



One Health 16 (2023) 100522

4

commonly studied bacterial species (35% of all isolates), followed by 
Salmonella spp. [27,37,46,48], Proteus spp. [32,46,48], Klebsiella spp. 
[32,48], Enterobacter spp. [24,32], Leptospira spp. [48], Shigella spp. 
[32], Listeria spp. [43], Bordetella spp. [47], Serratia spp., and Citrobacter 
spp. [32]. One study reported gram-positive and gram-negative resistant 
bacteria without specifying the species [46]. 

The disk diffusion test (Kirby-Bauer disk diffusion method) was the 
most commonly used method for AMR phenotype testing (9/15) 
[11,12,26,28,30,32,37,43,48], followed by MIC testing (5/15) 
[27,29,45–47], including the agar dilution test, agar broth micro-
dilution [29], and broth microdilution [27]. One study used both tech-
niques [6]. The antimicrobial susceptibility tests were performed on up 
to 40 different antimicrobial drugs covering 13 antimicrobial classes 
(Table S3). 

The molecular characterization of AMR genotypes was predomi-
nantly conducted with PCR (7/15) [6,11,12,27,29,32,37]. Other mo-
lecular approaches used were MLST [29,32,47], plasmid sequencing 
[11,32], and WGS [11]. The most common AMR phenotypes (44.1%) 
detected were against β-lactam antimicrobials, namely penicillins 
(22.8%), cephalosporins (13.4%), carbapenems (7.4%), and mono-
bactams (0.5%) (Fig. 5). Overall, resistance against penicillins in E. coli 
was the most common phenotype detected, followed by resistance 
against cephalosporins, quinolones, aminoglycosides, sulfonamides, 
tetracyclines, phenicols, macrolides, carbapenems, and monobactams. 
No resistance against nitrofurantoins, rifamycins, or lincosamides was 
found in E. coli. Resistance against representative antimicrobials of other 
bacterial species is shown in Fig. 6 except for one study which did not 
report the AMR results on individual species level but on group level 
(gram-positive and gram-negative bacteria) [46]. In that study, gram- 
negative bacteria were predominantly resistant to cephalosporins, fol-
lowed by penicillins, quinolones, sulfonamides, and nitrofurantoins. 
Gram-positive bacteria were resistant only to the β-lactam class (peni-
cillins and carbapenems). 

Of all detected genes, the β-lactamase resistance gene, bla, was the 
most prevalent one (53%) [6,11,12,29,32], followed by the str gene and 
gene cassettes conferring aminoglycosides resistance (14%) [11,37], sul 
(sulfonamide resistance genes, 13%) [6,11,12,29,37], tet (tetracycline 
resistance gene, 11%) [37], gene cassettes conferring trimethoprim 
resistance (4%) [11], qnr (quinolone resistance gene, 3%) [6,37], cat 
(chloramphenicol resistance gene, 1%), and others (1%) [37]. A sum-
mary of the resistance genes is given in Table 2. The most common 
resistance gene detected was blaTEM and was reported in E. coli. Both DR 
and non-specific types of MDR were mostly detected within cities (69% 

of studies), including residential buildings [11,26,27,29,32,45], mar-
kets, hospitals [6,12,47], and ports/cargo [6,27,48] followed by live-
stock farms (25% of studies) [11,28,30,37,43,46]. In four studies, AMR 
was studied in other animal species in addition to rats, such as farm 
animals (chickens, ducks, and pigs) [28,37], and wildlife (reptiles and 
shrews) [11,12]. 

3.3. Specific types of multidrug resistance (MDR) 

3.3.1. Extended-spectrum β-lactamase (ESBL) 
Occurrence of ESBL in Rattus spp. was reported in 12 studies. Rats 

were mostly trapped alive and euthanized later for sample collection. All 
rats carrying ESBL-producing bacteria were captured from cities and 
human communities, including streets, parks, markets, hospitals, resi-
dential buildings, hawkers, and touristic places. Three Rattus spp. 
(R. norvegicus, R. rattus, and R. argentiventer) were identified in the ESBL 
studies. Three studies also investigated samples from other animal 
species, such as livestock (chickens, pigs, and cattle), companion ani-
mals (dogs and cats) [34], wildlife (birds, anoles, iguanas, and shrews) 
[11,23], and humans [23]. All studies isolated Enterobacteriaceae pri-
marily from feces. Colon tissues were collected in two studies [11,24]. 
Escherichia coli was the most commonly reported bacterial spp. in 11 
articles [6,11,22,24,27,29,34,35,40,42,50], two of which also included 
other species, such as Klebsiella pneumoniae [23] and Enterobacter 
xiangfangensis [24]. 

The combination disk diffusion test, using both cefotaxime and cef-
tazidime with and without clavulanate [51], was used for the confir-
mation of the ESBL phenotype in five ESBL studies in rats 
[24,29,35,42,50]. The double-disk synergy test, using amoxicillin- 
clavulanic acid with three different cephalosporin disks[52], was used 
to confirm the ESBL phenotype in another five ESBL studies 
[6,11,22,34,40]. Two studies screened for ESBL gene through PCR 
[23,27]. 

Polymerase chain reaction using primers with specificity for all three 
ESBL subgroups (CTX-M (Cefotaximase), SHV (Sulfhydryl variable), and 
TEM (Temoniera)) was the most commonly applied molecular technique 
for ESBL genotyping (11/12) [6,11,22–24,27,29,34,40,42,50], followed 
by MLST (6/12) [24,29,34,40,42,50]. Additional molecular methods 
included WGS (3/12) [11,24,35], plasmid sequencing (2/12) [11,34], 
and microarrays (1/12) [24]. 

Among all bacteria isolated in ESBL studies, the predominant ESBL 
genotype was blaCTX (61%), followed by blaTEM (26%) and blaSHV (13%). 
A summary of all ESBL genotypes is presented in Fig. 7. 

Fig. 2. Geographical distribution and number of studies per country on antimicrobial resistance in peridomestic rats, 2000–2021.  
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Table 1 
Summary description of the reviewed 34 studies included in the present scoping review.  

Type of 
resistance 

Bacteria Rat habitat Rat species and number Phenotypic 
method 

Molecular method Ref. 

DR1 and non- 
specific 
type of 
MDR2 

E. coli, Salmonella spp., Proteus spp., 
Klebsiella spp., and Leptospira spp. 

The commercial port-front of 
Piraeus, Greece 

25 Rn9 Disk diffusion – [48] 

E. coli* Urban areas in Berlin, Germany 87 Rn MIC11 PCR12, MLST13 [29] 

E. coli and Salmonella spp.* 
Inner-city neighborhood of 
Vancouver and shipping port, 
Canada 

633 rats (Rn and Rr10) MIC PCR [27] 

E. coli* 

Pig, chicken, and duck farms, 
forests, and the perimeters of rice 
fields in Cao Lanh District, Dong 
Thap Province, Vietnam 

59 rats (Rn, R. tanezumi, R. 
argentiventer, and 
R. exulans) 

Disk diffusion – [28] 

E. coli* 
A chicken hatchery in Abbotsford, 
British Columbia, Canada 7 Rn Disk diffusion – [30] 

E. coli 

Shantytowns, residential sites 
riverside, railways, and any 
accessible points in Buenos Aires, 
Argentina 

96 Rn and 22 Rr Disk diffusion – [26] 

E. coli 
Vancouver Downtown Eastside, 
Canada 665 Rn MIC – [45] 

E. coli* 

Urban, suburban, and agriculture 
and livestock area in Guadeloupe 
and nearby islands, French West 
Indies 

162 Rn and 187 Rr Disk diffusion 
PCR, WGS14 and 
plasmid 
sequencing 

[11] 

E. coli, S. aureus, S. lugdunensis, P. 
aeruginosa, Salmonella, P. 
oryzihabitans, and P. mirabilis 

Around farms in villages at Al-Ahsa, 
Saudi Arabia 6 Rr MIC – [46] 

E. coli* 
Hospitals, markets, and a cargo 
station in Hanoi, Vietnam 

135 Rn, 8 Rr, and 1 
R. argentiventer 

Disk diffusion 
and MIC PCR [6] 

E. coli* Four markets in Bogor, Indonesia 79 Rn Disk diffusion PCR [12] 
E. coli, Klebsiella spp., Enterobacter 
spp., Proteus spp., Shigella spp., 
Serratia spp., and Citrobacter spp.* 

Alleys behind the residential 
building in Tehran, Iran 100 Rn Disk diffusion 

PCR, sequencing, 
and MLST [32] 

Listeria spp. 

Areas of farms, woodland, cassava 
field, and grassland in 5 regions 
(Tibet, Hainan, Guangdong, Fujian, 
and Shanxi province), China 

19 Rn, 1 R. rattus sladeni, 18 
R. andamanensis, 89 
R. losea, and 3 R. nitidus 

Disk diffusion – [43] 

Bordetella bronchiseptica and 
B. pseudohinzii 

Wet markets in Ohor, Kedah, 
Kelantan and Terengganu, Malaysia 

177 Rn and 100 R. rattus 
diardii 

MIC MLST [47] 

Salmonella spp.* Poultry farms in Mafikeng, South 
Africa 

154 rats Disk diffusion PCR [37] 

ESBL3 

E. coli Urban areas in Berlin, Germany 66 Rn Disk diffusion 
and MIC 

PCR and MLST [50] 

E. coli Urban areas in Berlin, Germany 87 Rn MIC PCR and MLST [29] 
E. coli Inner-city areas of Berlin, Germany 56 Rn Disk diffusion PCR and MLST [42] 

E. coli and Salmonella spp. 
Inner-city neighborhood of 
Vancouver and shipping port, 
Canada 

633 rats MIC PCR [27] 

E. coli Urban areas in Hong Kong 5 Rn and 1 Rr Disk diffusion 
PCR, MLST, and 
plasmid 
sequencing 

[34] 

E. coli Urban areas in Hong Kong 452 Rn and 39 Rr Disk diffusion PCR and MLST [40] 

E. coli and K. pneumoniae ssp. 
pneumoniae 

Inside and outside the houses in 3 
densely populated districts of 
Conakry, Guinea 

6 Rn and 22 Rr ESBL-producing 
confirmatory test 

WGS [35] 

E. coli, Enterobactor xiangfangensis, S. 
fleurettii, S. sciuri, S. aureus, S. 
pseudintermedius, S. epidermis, S. 
haemolyticus, and S. xylosus 

Touristic areas and along Danube 
canal in the centre of Vienna, 
Austria 

76 Rn Disk diffusion PCR, microarrays, 
MLST, and WGS 

[24] 

K. pneumoniae 
Around human community in 
Baiyun District, Guangzhou, China 80 Rn Disk diffusion PCR [23] 

E. coli 

Urban, suburban, and agriculture 
and livestock area in Guadeloupe 
and nearby islands, French West 
Indies 

162 Rn and 187 Rr Disk diffusion 
PCR, WGS and 
plasmid 
sequencing 

[11] 

E. coli 

Inside the Makokou Regional 
hospital and outpatient houses near 
the hospital Makokou Gooue Ivindo 
province, Gabon 

161 rats Disk diffusion PCR [22] 

E. coli Hospitals, markets, and a cargo 
station in Hanoi, Vietnam 

135 Rn, 8 Rr, and 1 
R. argentiventer 

Disk diffusion 
and MIC 

PCR [6] 

MRSA4 
S. aureus Pig farms in Netherlands and 

Belgium 
3 Rn and 40 Rr – 

Multiplex PCR and 
MLST 

[49] 

S. aureus Urban areas in Hong Kong 281 Rn and 22 Rr Disk diffusion PCR and MLST [33] 
S. aureus 637 rats MIC [10] 

(continued on next page) 
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The rat E. coli isolates carried all three subgroups of ESBL genes. The 
CTX-M subgroup was the most common, followed by the TEM and the 
SHV subgroup. Eight genes belonging to CTX-M subgroup detected in 
E. coli were blaCTX-M [22,27], blaCTX-M-1 [6,11,24,34,40,42], blaCTX-M-3 
[24], blaCTX-M-9 [24,29,34,40,50], blaCTX-M-15 [24,35], blaCTX-M-64, 
blaCTX-M-123, and blaCTX-M-132 [34]. Five genes of the TEM subgroup 
identified were blaTEM-1 [24,50], blaTEM-1B [35], blaTEM-1-like [29], bla-
TEM-52 [11], blaTEM-176 [24]. The study by Le Huy et al. also detected the 
TEM subgroup but did not report any specific gene type. One gene of the 
SHV subgroup (blaSHV-12) was also found in E. coli [42]. An additional 
gene of the ampicillin C (AmpC) β-lactamases group, blaCMY-2 was also 
identified [24]. 

Klebsiella pneumoniae was considered in only one study, reporting the 
identification of three subgroups of ESBL genes: CTX-M (blaCTX-M-9, 
blaCTX-M-14, and blaCTX-M-15), TEM (blaTEM-1B), and SHV (blaSHV-11-like, 
blaSHV-28, and blaSHV-62). Two additional β-lactamase genes blaDHA-1 and 
blaOXA-1 were detected and categorized in the AmpC and oxacillinase 
groups, respectively [35]. 

Enterobacter xiangfangensis was also screened for ESBL genes in one 

study that reported to carry two ESBL genes: blaCTX-M-15 and blaTEM-176. 
There were two more genes belonging to different β-lactamases groups 
discovered in En. xiangfangensis: blaNDM-1 (metallo-β-lactamase (MBL) 
group) and blaOXA-1 (oxacillinase group) [24]. 

3.3.2. Methicillin-resistant Staphylococcus aureus (MRSA) 
Rats were the main focus of some studies on MRSA, except in one 

study where rats were included with the sampling of pigs, chickens, 
dogs, and cats [33]. Rats were primarily live-trapped and later eutha-
nized for sample collection. In some studies, rats were trapped using 
lethal methods [25,49] or caught and released for longitudinal analysis 
[39]. Rats were trapped from urban ports [10,36], underserved neigh-
borhoods [10,39], touristic areas [24] as well as from farms [38,49]. In 
three cases, samples were also obtained from humans, including hospital 
patients [9,36], residents of the neighborhood where rats were caught 
[10], or from people who participated in other research studies related 
to S. aureus colonization [25]. 

Sampling for MRSA primarily involved swabbing rats' nasopharyn-
geal, oropharyngeal, or tracheal area [9,10,24,33,36,38,39,49]. In one 

Table 1 (continued ) 

Type of 
resistance 

Bacteria Rat habitat Rat species and number Phenotypic 
method 

Molecular method Ref. 

Vancouver Downtown Eastside, 
Canada 

latex agglutination 
test 

S. aureus North-central and southern Spain 6 Rn 
Disk diffusion 
and MIC 

PCR and MLST [44] 

S. aureus 
Pig farms in the southwest of 
Ontario, Canada 21 Rn – 

Latex 
agglutination test 
and spa15 typing 

[38] 

S. aureus 
Vancouver downtown eastside, 
Canada 665 Rn MIC – [45] 

S. aureus 
Touristic areas and along Danube 
canal in the centre of Vienna, 
Austria 

76 Rn Disk diffusion PCR, microarrays, 
MLST, and WGS 

[24] 

S. aureus Vancouver Downtown Eastside, 
Canada 

595 Rn Disk diffusion – [39] 

S. aureus 
Around human community in 
Baiyun District, Guangzhou, China 197 Rn 

Disk diffusion 
and MIC PCR [9] 

S. aureus 
Livestock farms, pheasant farms, 
and towns in Germany and Czech 
Republic 

145 rats MIC PCR, spa 
genotyping, MLST 

[25] 

S. aureus Port and surrounding areas of 
Lisbon and Ponta Delgada, Portugal 

120 Rn and 75 Rr Disk diffusion PCR, sequencing, 
and MLST 

[36] 

MRSP5 S. pseudintermedius Vancouver Downtown Eastside, 
Canada 

237 Rn MIC dru16 typing [41] 

VRE6 Enterococcus spp. 

South of Palencia Province (where 
rats coexist with livestock and 
human) and Cádiz Province (where 
rats coexist with wildlife), Spain 

46 Rr 
Disk diffusion 
and MIC PCR and MLST [31] 

FRE7 E. coli and Enterobacter xiangfangensis 
Touristic areas and along Danube 
canal in the centre of Vienna, 
Austria 

76 Rn Disk diffusion 
PCR, microarrays, 
MLST, and WGS [24] 

CoRE8 E. coli 
Hospitals, markets, and a cargo 
station in Hanoi, Vietnam 

135 Rn, 8 Rr, and 1 
R. argentiventer 

Disk diffusion 
and MIC PCR [6]  

* non-specific type of MDR. 
1 DR: drug-resistant bacteria. 
2 MDR: multi-drug resistant bacteria 
3 ESBL: extended-spectrum β-lactamase Enterobacteriaceae 
4 MRSA: methicillin-resistant Staphylococcus aureus 
5 MRSP: methicillin-resistant Staphylococcus pseudintermedius 
6 VRE: vancomycin-resistant Enterococcus spp. 
7 FRE: fluoroquinolone-resistant Enterobacteriaceae 
8 CoRE: colistin-resistant Enterobacteriaceae 
9 Rn: Rattus norvegicus 
10 Rr: Rattus rattus 
11 MIC: minimum inhibitory concentration 
12 PCR: polymerase chain reaction 
13 MLST: multi-locus sequence typing 
14 WGS: whole genome sequencing 
15 spa: S. aureus-specific staphylococcal protein A 
16 dru: direct repeat uni. 
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instance, the entire nose was used for analysis [25]. Methicillin-resistant 
S. aureus was also investigated in rat feces by collecting fecal samples 
[44] and rectal swabs [36,39]. Samples collected from rats were stored 
in an incubation broth containing sodium chloride for approximately 24 
h and then inoculated onto a variety of agar media for bacterial growth 
and identification. 

Detection of MRSA first required establishing the presence of 
S. aureus. Colonies demonstrating staphylococcal morphology were 
assessed using a variety of microbiological techniques including gram 
staining, and catalase, coagulase and hemolysin tests, as well as by 
detecting DNAse production [9,10,25,38,39,44]. In some cases, 
S. aureus was also identified by PCR amplification of the species-specific 
nuc gene [9,25,44]. 

Positive S. aureus samples were assessed for antimicrobial resistance 
by various methods. Several studies identified methicillin-resistance 
based on the presence of penicillin-binding protein 2a antigen using a 
latex agglutination test [10,25,38]. Penicillin resistance was also eval-
uated through broth microdilution [10,25]. Other studies used the agar 

disk diffusion method [24], such as the Kirby-Bauer method, which 
included testing up to 14 [9,36] or 16 antimicrobial agents [44]. 
Resistance was further assessed through PCR by amplification of the 
resistance and virulence genes mecA [24,44,49], mecC [9,24,36,44], gyr 
[25], and blaZ [44]. Genes encoding the Panton-Valentine leucocidin 
toxin [36,49] and toxic shock syndrome [49] were also investigated. In 
some instances, isolates were also characterized by Immune Evasion 
Cluster (IEC), based on the presence or absence of the scn gene [36,44]. 
Identified MRSA isolates were characterized through Multi-Locus 
Sequence Typing (MLST) [9,25,36,44,49], spa typing 
[9,10,24,25,36,38,44,49], agr typing [36,44], and dru typing [24]. 

MRSA was detected in rats in all of the reviewed studies except for 
two [33,44]. The MRSA prevalence ranged from 0% [33,44] to 11.6% 
[49]. While some studies did not detect a difference in MRSA prevalence 
across trapping locations [24], studies in Vancouver, Canada, found 
marked variations in the prevalence at a small spatial scale, with prev-
alence varying significantly by the city block (0–50%) [10]. 

Several studies found that the MRSA strains carried by rats were 
similar to those found in people [9,10]. For example, in Guangzhou, 
China, brown rats and human patients were colonized with the same 
MRSA clonal complexes: (CC)59 (sequence type (ST)59-t437), CC5 
(ST1-t127), and CC45 (ST45-t116) [9]. 

3.3.3. Other specific types of MDR 
Methicillin-resistant Staphylococcus pseudintermedius (MRSP) was 

investigated in Rattus norvegicus [24,41]. The brown rat samples were 
captured from urban areas, such as downtown Vancouver [41] and 
tourist areas along the Danube canal in Vienna [24]. Pharyngeal and 
nasal samples were collected in both of these studies. Polymerase chain 
reaction was performed and found mecA gene from Staphylococcal 
chromosome cassette (SCC) type V (mecA/SCCmecV) [24]. Single locus 
typing techniques, like staphylococcal protein A (spa) typing, were 
performed and discovered spa type t02 [24]. Other AMR genes were also 
detected, such as blaZ, blaI, blaR, tet(K), tet(M), erm(B), aacA-aphD, 
aphA1, and sat [24]. Direct repeat unit (dru) typing was used in both 
studies and showed dru type (dt) 11a, dt7ac,41, and dt11av [24]. 

Colistin-resistant Enterobacteriaceae (CoRE) from rat fecal samples 
was reported in one study by LE Huy et al. [6]. This study included three 
Rattus spp.; R. norvegicus, R. rattus, and R. argentiventer. All rats were 
trapped in human communities, including hospitals, wet markets, and a 
cargo station in the city of Hanoi. Escherichia coli was cultured from 
rectal swabs and identified by several biochemical tests. Detection of the 

Fig. 3. The frequency and site of isolation of bacterial species described in studies on antimicrobial resistance in peridomestic rats, 2000–2021.  

Fig. 4. The proportion of resistance types reported in the 34 studies on anti-
microbial resistance in rats, 2000–2021. (DR: Drug-resistance, MDR: Multidrug 
resistance, ESBL: Extended -spectrum β-lactamase Enterobacteriaceae, MRSA: 
Methicillin-resistant S. aureus, FQRE: Fluoroquinolones-resistant Enterobac-
teriaceae, VRE: Vancomycin-resistant Enterococcus, MRSP: Methicillin- 
resistant S. pseudintermedius, CoRE: Colistin-resistant Enterobacteriaceae). 
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yaiO gene by PCR was chosen for the confirmation of E. coli. Broth 
microdilution and macrodilution methods were used for the colistin 
susceptibility test. Polymerase chain reaction was used with the primers 
for the CoRE genes (mcr-1, mcr-2, and mcr-3) and detected the mcr-1 
gene in E. coli. Other AMR genes detected included blaTEM, tet(A), tet(B), 
sul1, sul2, and sul3 [6]. 

One study focused on fecal vancomycin-resistant Enterococci (VRE) 
in 7 small mammal species, including R. rattus. Rats were from two re-
gions of Spain, representing the areas where rats coexisted with live-
stock, humans, and wildlife. Four species of Enterococci (E. faecium, 
E. fecalis, E. gallinarum, and E. casseliflavus) were studied. The agar 
dilution method was chosen to assess the susceptibility of vancomycin 
and teicoplanin, while ten other antimicrobials were tested for suscep-
tibility by the disk diffusion method. Polymerase chain reaction was 
primarily used to detect the VRE genes. Then, MLST was carried out and 

detected ST915-vanA in E. faecium, ST6-vanB2 in E. fecalis, vanC1 in 
E. gallinarum, and vanC2 in E. casseliflavus. Other non-VRE genes were 
also detected mostly in E. faecium, including erm(B), tet(M), aac(6′)-Ie- 
aph(2′′)-Ia, ant(6)Ia, aph(3′)-IIIa, and dfrF. Enterococcus gallinarum and 
E. casseliflavus carried only erm(B) and tet(M), respectively [31]. 

Fluoroquinolones-resistant Enterobacteriaceae (FQRE) was detected 
from R. norvegicus in one study by Desvars-Larrive et al. [24]. All brown 
rats were trapped alive from the touristic areas and along the Danube 
canal in Vienna. Both small and large intestinal tissues were collected as 
pooled samples. Enterobacter xiangfangensis (En. cloacae complex) and 
E. coli were confirmed by matrix-assisted laser desorption/ionisation- 
time-of-flight (MALDI-TOF) mass spectrometry. Polymerase chain re-
action was used to detect the quinolone resistance gene (qnr). QnrS and 
qnrB1 were detected in E. coli and En. xiangfangensis, respectively. Other 
AMR genes and gene cassettes were also identified, including sul, cat, str, 

Fig. 5. The relative frequency (%) of antimicrobial resistance by antimicrobial classes described in drug resistance (DR) and non-specific type of multidrug resistance 
(MDR) studies in rats, 2000–2021. 

Fig. 6. The frequencies of 11 antimicrobial resistant bacterial species (from DR and non-specific type of MDR studies) against 13 classes of antimicrobials, in rat 
studies, 2000–2021. 
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tet, floR, ramA, aac(6′)-Ib-cr, aadA1, aadA2, aphA, cmlA1, dfrA1, dfrA12, 
and dfrA14. Moreover, two isolates of En. xiangfangensis in this study 
were resistant to at least one antimicrobial drug in every class. [24]. 

4. Discussion 

This review describes the species, frequency, phenotypic and geno-
typic characteristics of antimicrobial resistant bacteria isolated from 
peridomestic Rattus spp. between 2000 and 2021. To the best of our 
knowledge, this is the first scoping review on AMR in peridomestic 
Rattus spp. 

Antimicrobial resistance in Rattus spp. has been mostly reported in 
urban and livestock settings which provide opportunities for antimi-
crobial resistant bacteria to circulate between people, livestock, and 
rats. The most common rat species studied were Rattus norvegicus (brown 
rat) and R. rattus (black rat) due to their worldwide distribution. Rats 
carried multiple species of resistant bacteria highlighting their potential 

role as reservoirs and spreaders of AMR bacteria. Rats could also serve as 
a mixing bowl for the evolution of new resistant pathogens. 

4.1. Anthropogenic activities and AMR in rats 

Cities and livestock farms were likely the focus of these studies 
because of the opportunities for rats to acquire human and livestock 
associated AMR. Indeed, anthropogenic influence in areas where rats 
thrived was the key factor in AMR development in a Canadian study 
[11]. In another study from South Africa, a high prevalence of rifampicin 
resistance was observed in rats living around a gold mine where people 
used rifampicin to treat their pulmonary tuberculosis [37,53]. Some 
studies found a higher AMR prevalence in rats living in towns compared 
to other places [11,42]. Peridomestic rats in urban areas feed around 
garbage sites and move within the sewage tunnels, and wastewater 
drains, where they are readily exposed to human waste, polluted water, 
and sewage sludge [6,22,29,32]. They may also directly ingest antimi-
crobial residues improperly discarded from households or clinics, 
resulting in the development of AMR in their own gut flora [22,54]. 
However, a study in Hong Kong did not find a correlation between the 
number of sewage treatment plants and the prevalence of AMR in rats 
[40]. These findings highlight that rats in cities may find numerous 
routes of acquiring antimicrobial resistant bacteria [27]. 

It is generally accepted that farms are one of the most important sites 
of AMR development and dispersal. The use of antimicrobials to pro-
mote growth in farm animals is still a common practice in several 
countries. The discharge from farms into the environment may hasten 
the evolution of AMR [55]. Rats residing in livestock farms are char-
acterized by similar AMR exposure pathways as the ones in towns. Rats 
could obtain antimicrobial resistant bacteria indirectly from the animal 
slurry and manure, or they can directly consume antimicrobials 
disposed by farmers or in animal feed and water containing antimicro-
bial agents [28]. In some parts of the world, such as in Southeast Asian 
countries, traditional practices where farmers discharge excreta from 
the farm directly to the fishpond (integrated fish farming), further 
support the dissemination of AMR into the environment. Although an-
timicrobials are generally not stable in the environment, the AMR genes 
can persist for a long time [28]. 

4.2. Antimicrobial resistant bacteria species carried by rats 

This review showed that AMR bacteria isolated from peridomestic 
rats were mostly E. coli, which is considered an ideal indicator bacterial 
species to monitor and characterize AMR in the environment [2]. In rats, 
E. coli is carried in the guts and shed by defecation like in other animals, 
which represents the main dissemination pathway [56]. Other Entero-
bacteriaceae bacteria were isolated from rats in urban areas except for 
Salmonella spp., which were equally from rats in cities and poultry 
farms. 

Staphylococcus spp. were also commonly described in the reviewed 
studies, with S. aureus being isolated the most, followed by 
S. pseudintermedius. All S. aureus were isolated for the purpose of MRSA 
studies. Although the prevalence of MRSA varied between the studies, it 
was generally found to be low (0–12.5%). Rats likely acquire MRSA from 
the environment, such as through direct contact with livestock manure 
and inhalation of contaminated air in the farms, as S. aureus frequently 
colonizes the nasal epithelium [25,49]. However, rats can shed MRSA 
into the environment through their feces, which may increase the risk of 
transmission to people [39]. 

Other bacteria species isolated from peridomestic rats were Pseudo-
monas spp., Proteus spp., Serratia spp., Shigella spp., Citrobacter spp., 
Listeria spp., and Bordetella spp. Pseudomonas aeruginosa is considered as 
one of the most common resistant bacteria linked with nosocomial in-
fections which was isolated from rats living around human settings in 
Saudi Arabia [46]. Burriel et al. [48] found a high prevalence of Proteus 
spp. isolated from rat intestines exhibiting resistance to 12 

Table 2 
Antimicrobial resistance genes detected in eight bacterial species in drug resis-
tance (DR) and non-specific type of multidrug resistance (MDR) studies in rats, 
2000–2021.  

Bacteria Resistance genes or gene cassettes* or integrons+

E. coli blaTEM, blaTEM-1-like, blaTEM2, blaNDM-1, blaSHV, blaVIM, blaIMP, 
blaaadA, blaaphA, blaCTX-M, blaCTX-M-1, strA, strB, aadA*1, aadA1*1, 
aadA5*1, aph(3′′)-Ib*1, aph(6)-Id*1, aac(3)-IV*1, aac(6′)-Ib-cr*1, 
sul1, sul2, sul3, tetA, tetB, tet34, dfrA1*2, dfrA17*2, dfr14*2, and 
qnrB1 

Klebsiella spp. blaTEM, blaNDM-1, blaSHV, blaIMP, blaaadA, and blaaphA, 
Enterobacter 

spp. 
blaTEM, blaVIM, blaIMP, blaaadA, and blaaphA, 

Shigella spp. blaTEM, blaIMP, and blaaadA, 
Proteus spp. blaTEM, blaaadA, and blaaphA, 
Serratia spp. blaTEM and blaIMP, 
Citrobacter spp. blaTEM, blaNDM-1, blaVIM, blaIMP, and blaaadA, 
Salmonella spp. blaTEM, aadA*1, qnrA, cat, tet, and intl1+ 3  

1 gene cassettes mediated aminoglycoside resistance. 
2 gene cassettes mediated trimethoprim resistance. 
3 integrons mediated other antimicrobial resistance 

Fig. 7. The proportion of three subgroups of extended-spectrum β-lactamase 
(ESBL) genes and their gene members studied in rats, 2000–2021. 
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antimicrobials commonly used in animals. This was in agreement with 
another study that described MDR Proteus mirabilis, P. vulgaris, and 
Serratia spp. from rats [32]. Antimicrobial-resistant Shigella spp. and 
Citrobacter spp. were identified in rats, but in only one isolate of each 
species [32]. Listeria spp. is associated with a high mortality rate, 
especially L. monocytogenes, which is commonly found in contaminated 
food products. Wang et al. [43] isolated antimicrobial resistant Listeria 
from rats in China that were resistant to oxacillin, cefuroxime, and 
trimethoprim-sulfamethoxazole, but were susceptible to most drugs 
commonly used to treat human listeriosis. Bordetella spp. are considered 
opportunistic bacteria of both humans and animals. Rats are not natural 
hosts of B. bronchiseptica, but they can be colonized with the bacterium. 
Loong et al. [47] detected resistant B. bronchiseptica from the lung tissue 
of brown and black rats collected in markets in Malaysia. They were 
resistant to amoxicillin-clavulanic acid, ampicillin, ceftriaxone, cefo-
taxime, and erythromycin. Both brown and black rats carried the same 
genotype (ST82, nrdA locus162), suggesting a transmission of resistant 
B. bronchiseptica between rat species living in the same area. Leptospira 
spp. is another zoonotic pathogen known to be carried by rats. One 
report intended to study AMR in Leptospira spp., but all rats were found 
to be free of Leptospira spp. [48]. Clostridium difficile was detected in 
brown rats from two studies in Canada, but none had been tested for 
antimicrobial resistance [38,45]. 

4.3. Rats may support the evolution of antimicrobial resistant bacteria 

In addition to carrying a number of antimicrobial resistant bacteria, 
we found that several of the isolates from rats had plasmid-mediated 
AMR genes which could allow for the horizontal transmission of AMR 
genes among bacterial strains. Resistance to broad-spectrum antimi-
crobials like tetracycline was one of the most prevalent types of AMR 
found in this review. The tetracycline resistance gene tet is typically 
encoded in plasmids and transposons which can be transmitted by 
conjugation [57]. Several studies identified tet genes in bacteria isolated 
from peridomestic rats, such as tet in Salmonella spp. [37], tetA and tetB 
in E. coli [6,12,29], and tet34 in E. coli [11]. Sulfonamide resistance 
genes (sul) were found frequently in the bacteria isolated from rats. 
Plasmid-mediated genes like sul1, sul2, and sul3 were also detected in 
E. coli isolated from rats [6,11,29]. Streptomycin resistance genes (str) 
were previously detected on plasmids from bacteria of both domestic 
animals and human origins [58]. These genes, in particular strA and strB 
have also been detected in E. coli from rats [29]. Fluoroquinolone 
resistance genes (qnr) that are plasmid-mediated have also been detec-
ted in Enterobacteriaceae isolated from rats, such as qnrA in Salmonella 
spp. [37] and qnrB1 in E. coli [29] and En. xiangfangensis [24]. Moreover, 
it was found that qnr genes frequently coexisted on the same plasmid 
with β-lactamases genes such as ESBL and AmpC [59]. 

4.4. Extended-spectrum β-lactamases 

Beta-lactamase enzymes and their encoding genes have been 
continuously studied for decades, and almost a thousand of them have 
been identified [60]. Genes from the blaCTX-M group, especially CTX-M- 
15, are considered to be the most widely spread β-lactamase found in 
humans (in both clinical and non-clinical settings) and animals 
[11,35,50]. BlaCTX-M-15 was also detected in E. coli isolated from peri-
domestic rats in Guinea [35] and Austria [24]. This gene was also found 
in other bacteria isolated from rats, such as K. pneumonia [35] and En. 
xiangfangensis [24]. Others CTX-M subgroups, such as CTX-M-1, which 
was commonly detected in livestock and human isolates in European 
countries, were also detected in brown rats caught in Berlin [42]. CTX- 
M-64, previously found in humans, livestock, and companion animals in 
China, was detected in rats captured in Hong Kong [34]. Furthermore, 
studies indicated that some strains of E. coli harbored more than one 
resistance gene. An E. coli isolate from a brown rat in the city of Berlin 
had both blaCTX-M-9 and blaTEM-1 with other non-ESBL genes, including 

sul and str [29]. Several E. coli isolates from brown rats caught in an 
Indonesian market carried blaTEM, sul, and tet [12]. Some E. coli isolates 
from brown rats in Iran carried all three groups of ESBL genes; blaCTX-M, 
blaTEM, and blaSHV [32]. 

Beta-lactamase genes like ESBL are frequently plasmid-mediated, 
and can be transmitted between bacteria through horizontal gene 
transfer [6,34,48]. This is believed to be a key mechanism of the spread 
of ESBL genes [24]. It is noteworthy that peridomestic rats were colo-
nized by a number of E. coli strains which could facilitate the horizontal 
transfer of ESBL genes [27]. This would be an intractable problem if it 
occurred with some highly pathogenic strains, such as E. coli O157 H7. A 
study by Guenther et al. [42] reported that several ESBL E. coli isolates 
exhibited combined resistance to other antimicrobial classes including 
fluoroquinolone, tetracyclines, and aminoglycosides. 

Extended-spectrum β-lactamase genes were also identified in other 
species of bacteria such as K. pneumoniae. A study in the south of China 
found that 7.94% of K. pneumoniae in brown rats were ESBL producers 
[23]. Another study conducted in Guinea showed K. pneumoniae subsp. 
pneumoniae isolated from black rats harbored blaCTX-M, blaTEM, and 
blaSHV. Other β-lactamase genes (non-ESBL), such as blaOXA, and blaDHA 
were also detected in K. pneumoniae isolated from R. rattus [35]. 

Other bacteria species, such as En. xiangfangensis, isolated from 
brown rats in the city of Vienna were found to carry ESBL genes. Two 
ESBL genes; blaCTX-M-15 and blaTEM-176 and other types of β-lactamase 
genes, such as blaOXA and blaNDM, were also detected [24]. BlaTEM was 
detected in Salmonella spp. in rats and chickens on a farm. It was 
interesting that isolates from both animal species carried the same class 
1 integrons. This may suggest that rats acquired the AMR gene cassette 
from the environment on the poultry farm [37]. 

4.5. Methicillin-resistant Staphylococcus species 

Methicillin-resistant Staphylococcus aureus is another multiresistant 
bacterial species responsible for an increasing number of human deaths 
every year [46]. Originally, MRSA began as a nosocomial infection 
restricted to hospital environments. It was generally known as hospital- 
acquired MRSA (HA-MRSA) [36]. Twenty years after the first report of 
HA-MRSA in UK, community-acquired MRSA (CA-MRSA) was reported 
for the first time in the US without any association with healthcare fa-
cilities [36,61]. Recently, livestock-associated MRSA (LA-MRSA) was 
reported in several animal species, including rats [36]. The carriage rate 
of MRSA in rats varied among the studies in this review. This could be 
due to differences in sampling locations and sample types. Interestingly, 
a study has reported evidence of seasonal variation in MRSA prevalence 
in rats. Himsworth et al. [10] found that brown rats collected in winter 
and spring exhibited lower MRSA carriage rates compared to summer 
and fall. In one study where rats were captured, released, and re-caught, 
MRSA carriage was found to change between capture events such that a 
rat might be positive for MRSA on its first capture and test negative upon 
a subsequent capture or vice versa. This suggested that rats may shed 
MRSA intermittently or clear the bacterium and subsequently be re- 
colonized [39]. A detailed environmental analysis in one study also 
suggested that rats were more likely to carry MRSA when they were 
caught in areas with more institutional buildings and food gardens [45]. 
One study found that rats were more likely to carry MRSA if they were 
“fatter” [10], which may be due to larger rats occupying more dominant 
roles in rat social structures, with more frequent aggressive interactions 
with other rats. 

A study conducted in Vancouver discovered four genetically similar 
clusters of MRSA collected from brown rats. Among these, one cluster 
aligned with CC5-ST105, which is the leading cause of HA-MRSA 
infection in Canada, while the most common cluster aligned with 
strain USA300, the most common strain of MRSA identified among 
people living in the area where these rats were trapped [10]. Livestock- 
associated MRSA, such as ST398 known to colonize livestock, in 
particular swine, were detected in both farm and city rats [10]. A study 
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in the south of China also found that ST398 was dominant among MRSA 
isolated from brown rats collected in the town [33]. Similarly, in 
Ontario, Canada, the MRSA type detected in one rat was ST398 – t034, a 
livestock associated strain believed to had been acquired from pigs on 
the farm on which the rat was caught [38]. These findings demonstrate 
how microenvironmental features and characteristics could promote the 
clustering of strains in some areas. 

Methicillin-resistance in Staphylococcus aureus is mediated by a gene 
called mecA located in the mobile genetic element (SCCmec). Silva et al. 
[36] detected some mecA in MRSA isolated from rats in Portugal. One of 
them was ST22-t747-agrI which was associated with HA-MRSA. It was 
found to be linked with trapping locations close to human hospitals. This 
result emphasizes that rats could carry a variety of MRSA strains. Other 
Staphylococcus spp. isolated from rats and identified as methicillin- 
resistant by the detection of mecA were S. pseudintermidius, 
S. epidermis, S. hemolyticus, S. fleurittii, and S. sciuri [24]. In the case of 
MRSP, a study conducted on brown rats collected from Vancouver found 
that three isolates were dru type dt11a. This strain was common in dogs. 
This finding indicated that MRSP could be transmitted between dogs and 
rats [41]. Another gene, namely mecC, which is 30% different from mecA 
was detected in 2011 [10,44]. MecC-carrying MRSA was identified in 
rats and belonged to CC130. This clonal complex is believed to originate 
in ruminants [36]. MecC was detected not only in S. aureus, but also in 
S. xylosus. A five-year study of mecC-carrying Staphylococci in Austria 
identified mecC-positive MR S. xylosus in brown rats [24]. 

4.6. Other types of multi- and extensive drug resistance 

Colistin-resistant Enterobacteriaceae are another highly concerning 
MDR. Colistin is considered the last resort for the treatment of multi- 
resistant gastrointestinal infections in humans [62]. The colistin resis-
tance gene: mcr-1 was discovered a decade ago and has been since 
detected worldwide in animals and humans [63]. A study in Vietnam 
identified mcr-1 from E. coli isolated from five urban rats caught in the 
market and around the hospital in Hanoi, Vietnam [6]. 

Vancomycin-resistant Enterococci is believed to be a result of using 
avoparcin to promote growth in livestock farms [64]. Even though the 
prevalence of VRE has decreased due to a ban on using avoparcin as a 
growth promoter, the problem persists. VanA and vanB had been 
detected in humans, animals, and food products [31,65]. Those genes 
were also identified in Enterococcus spp. isolated from rats. VanA and 
vanB2 were found in E. faecium and E. faecalis in black rats collected in 
Spain [31]. 

Extensively drug-resistant (XDR) bacteria were not susceptible to at 
least one antimicrobial drug in every antimicrobial class [66]. It is 
interesting to note that these En. xiangfangensis isolated from brown rats 
in Vienna were considered as XDR [24]. 

It could be assumed that rats were a reservoir of MDR and XDR. They 
could cause the emergence of clinical infections in human and animals 
by spreading the resistant bacteria both directly and indirectly. 

4.7. Limitations and suggestions 

The main limitation of this review is the low amount of available 
literature on most types of AMR (such as CoRE, VRE, FQRE) and most 
bacteria species from peridomestic rats. Another constraint is the variety 
of methodologies used in each study which makes the comparison 
difficult. For example, some studies investigated several isolates from a 
rat, while others used only a single isolate per rat. The result of resis-
tance phenotypes in the latter studies may have been underestimated 
because a rat could be colonized with several strains of bacteria [27]. 
The references used for antimicrobial susceptibility testing and resis-
tance interpretation varied between studies. The Clinical and Laboratory 
Standard Institute (CLSI) guidelines and the European Committee on 
Antimicrobial Susceptibility Test (EUCAST) were mainly used. Howev-
er, some studies relied on other guidelines, such as the Canadian 

Integrated Programme for Antimicrobial Resistance (CIPAR) [27], 
Comité de l'Antibiogramme de la Société Française de Microbiologie 
(CA-SFM) [11], and European Food Safety Authority [40]. The exact 
species characterization of rats was often lacking, especially for rats 
belonging to the R. rattus complex group which includes several closely 
related species [67]. This is important in epidemiologic studies because 
different species have different habitat preferences, behaviors, and 
population dynamics which result in specific pathogens and hosts 
[67,68]. The lack of diversity of places and sampling locations could be 
another limitation of some studies in this review. The inclusion of more 
diverse sampling locations could provide more information on the 
spatial distribution, variability, and risk factors of AMR in different 
environments. 

5. Conclusions 

Peridomestic rats, especially Rattus spp. carried multiple antimicro-
bial resistant bacteria, indicating their potential to serve as reservoirs 
and spreaders of antimicrobial resistant bacteria. Many antimicrobial 
resistant bacteria detected in rats, such as ESBL and CoRE, confer 
resistance to critically important antimicrobials and pose a threat to 
public health. Several AMR genes detected in rats (i.e., str, blaCTX-M, 
vanA, and vanB) were previously found in human and domestic animals 
suggesting that rats could serve as reservoirs of those AMR genes, posing 
a serious transmission threat to humans and other animals through in-
teractions in shared environments, such as cities/towns and livestock 
farms. Among AMR genes, plasmid-mediated AMR genes (i.e., tet, sul, 
qnr, bla, and mecA) are of particular concern because they could hori-
zontally be transfer between bacterial strains. This phenomenon could 
occur in the rat gut, where several strains of bacteria reside, and it could 
highlight the role of rats in the evolution of antimicrobial resistant 
bacteria and genes. 

More studies in ecologically diverse locations and molecular com-
parisons of rat AMR data with that of humans and livestock are needed 
to better understand the role that synanthropic rats and other peri-
domestic wildlife might play on the complex epidemiology of AMR. 
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