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ARTICLE INFO ABSTRACT

Keywords: Objective: Transmission of antimicrobial resistant bacteria between people and household pets, such as dogs and
Antimicrobial resistance cats, is an emerging global public health problem. This scoping review synthesized existing evidence of human-
One health

pet bacteria transmission to understand the magnitude and breadth of this issue.

Methods: The search included specific and generic terms for bacteria, resistance, transmission, pets, and humans.
Searches were conducted through PubMed, Scopus, Web of Science, CABI Global Health, Networked Digital
Library of Theses and Dissertations, Google Scholar. All studies published in English and Mandarin that isolated
bacteria from pets (cats and dogs) and humans who had contact with the pets, and reported phenotypic or
genotypic antimicrobial sensitivity test results, were included in this review. In cases of bacterial species that are
commonly associated with pets, such as Staphylococcus pseudintermedius and Pasteurella multocida, we also
included studies that only isolated bacteria from humans.

Results: After removing duplication, the search captured 9355 studies. A total of 1098 papers were screened in
the full-text review, and 562 studies were identified as eligible according to our inclusion criteria. The primary
reason for exclusion was the lack of sensitivity testing. The included studies were published between 1973 and
2021. The most common study location was the United States (n = 176, 31.3%), followed by the United Kingdom
(n =53, 9.4%), Japan (n = 29, 5.2%), and Canada (n = 25, 4.4%). Most of the included studies were case reports
(n = 367, 63.4%), cross-sectional/prevalence studies (n = 130, 22.4%), and case series (n = 51, 8.8%). Only few
longitudinal studies (n = 14, 2.4%), case-control studies (n = 12, 2.1%), and cohort studies (n = 5, 0.9%) were
included in our review. Most studies focused on Pasteurella multocida (n = 221, 39.3%), Staphylococcus aureus (n
= 81, 14.4%), and Staphylococcus pseudintermedius (n = 52, 8.9%). For the 295 studies that used strain typing
methods to compare bacteria from humans and pets, most used DNA banding pattern-based methods (n = 133,
45.1%) and DNA sequencing-based methods (n = 118, 40.0%).

Conclusion: Transmission of bacteria could occur in both directions: pets to humans (e.g., S. pseudintermedius and
P. multocida) and humans to pets (e.g., S. aureus). The majority of studies provided a low level of evidence of
transmission (e.g., case reports), suggesting that more rigorous longitudinal, cohort, or case-control studies are
needed to fully understand the risk of human-pet resistant bacterial transmission.

Companion animals
Scoping review
Zoonotic disease

1. Introduction bacteria, parasites, viruses or fungi develop an ability to survive in the
presence of antimicrobials [2]. An estimated 700,000 people died as a

Throughout history, the discovery and development of antibiotics result of AMR infections in 2014, and this number is projected to in-
have been one of the most important advancements in both human and crease to 10 million in 2050 if there are no effective actions taken [3].
veterinary medicine; however, antimicrobial resistance (AMR) has The transmission of antimicrobial resistant bacteria has become a
become a critical problem in modern medicine [1]. AMR occurs when One Health issue since AMR bacteria can be transmitted between
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humans, animals, and the environment [4,5]. Antimicrobial use in any
of these sectors can increase the burden of AMR [6,7]. Due to the
growing popularity of household pets [8], the probability of close con-
tact between pet owners and pets is increasing. According to a recent
survey, almost 90.5 million U.S. households, 70% of all American fam-
ilies, own at least one pet. Among them, 45.3 million homes have a cat
and 69.0 million have a dog [9]. Veterinarians often prescribe medically
important antimicrobials that are commonly used in humans to dogs and
cats [10,11]. This drug use may select AMR bacteria, which may be
transmitted between individuals and their pets [12] through both a
direct and an indirect pathway [1,13]. Direct pathway refers to close
contact between pets and humans, such as petting/touching or kissing/
licking, while indirect pathway mainly refers to environmental trans-
mission, as bacteria may transmit when humans and pets live in the
same household [14].

Pet ownership is beneficial for human health, both physical and
mental [15]. However, behaviors of pet owners such as allowing dogs to
lick their faces and handling their dogs' feces have the potential to result
in antimicrobial resistant bacterial transmission [14,16,17]. According
to a survey of 260 dog-owning households in a community in the UK,
most dogs (79%) were fed by their owners in the kitchen, also, nearly
half of all dogs (42%) included in the study always or often slept in the
kitchen [18]. Common dog-owner interactions also included the dogs
sniffing or nudging their owners with their nose, jumping up on their
owners, and licking their owners' hands; these contact behaviors were
commonly reported as occurring “sometimes” or “often” [18]. Another
survey among 108 German dog owners found that 88.9% of them shared
their households with pets, 68.5% of pet owners allowed dogs to stay on
sofas. Most of them (93.5%) let their pets lick their hands, and 52.8% of
all participants let dogs lick their faces [14].

There has not been a systematic assessment of the risk of AMR bac-
terial transmission between humans and pets, although there are an
increasing number of reports suggesting such transmission. A cohort
study including samples routinely collected from 74 pets and 74 humans
indicated that extended-spectrum beta-lactamase-producing Enterobac-
teriaceae could be transmitted between companion animals and humans
in veterinary clinics and households [19]. Another study indicated that
the most common antimicrobial resistant bacteria that could be trans-
mitted from pets to humans included methicillin-resistant Staphylo-
coccus aureus (MRSA), methicillin-resistant Staphylococcus
pseudintermedius (MRSP), ESBL/AmpC-producing Enterobacteriaceae and
MDR non-fermenting Gram-negative bacteria [20]. Some of these
pathogens are found in both humans and pets (e.g., Enterobacteriaeceae)
so the direction of transmission can be challenging to determine. How-
ever, other pathogens such as S. pseudintermedius and Pasteurella mul-
tocida, are adapted to domestic cats and dogs and are therefore likely to
be transmitted from pets to humans rather than humans to pets [21,22].
Finally, pets can also be a reservoir for some human pathogenic bacteria,
such as MRSA, vancomycin-resistant Enterococci (VRE) and multidrug-
resistant Salmonella typhimurium DT104 [23]. It is important to assess
the existing knowledge base of AMR transmission between pets and
humans as it can help guide policies and identify studies or interventions
needed to tackle AMR globally with a One Health approach. A scoping
review is often used as a precursor for further studies, as it can provide a
broad overview of existing literature and studies. This scoping review
focused on mapping the extent of this issue to provide information for
researchers, policymakers, veterinarians, and physicians to decrease
AMR transmission between humans and dogs and cats.

2. Methods

The PICo framework [24] was used to formulate the research ques-
tion of this scoping review, which is to identify the existing evidence of
AMR transmission (the phenomenon of Interest) between people and
pets (dogs and cats) (Population) in the world (Context).

The protocol of this scoping review, including background, rationale,
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inclusion and exclusion criteria, search strategy and review processes,
was registered on August 31, 2020 (https://zenodo.org/reco
rd/3967957#.YobSfaiZNPa). The questions to guide inclusion and
exclusion were refined on November 19, 2020, following a discussion
with the review team, before the full-text screening.

2.1. Inclusion criteria

For the title/abstract screening stage, eligible studies were: 1) pub-
lished in English or Mandarin; 2) primary research, narrative reviews,
systematic reviews, or scoping reviews; 3) with a study population of
domestic cats or dogs, and humans who have contact with cats or dogs;
and 4) related to AMR bacteria transmission between humans and pets
(cats and dogs). The bacteria must be transmitted from humans to pets
or from pets to humans either directly or indirectly (e.g., via a shared
environment).

For the full-text review stage, studies were included if they met the
following criteria: 1) the full text of the study can be acquired; 2) the
study is written in English or Mandarin; 3) the study is primary research;
4) this study includes cases of AMR transmission between pets (dogs and
cats) and humans; 5) samples of both the pets and people who have had
contact with the pets were analyzed OR only human samples were
cultured, but pets are the primary source of infections with the bacteria
in humans; 6) the bacteria were tested for antimicrobial resistance
(phenotypic or genotypic).

2.2. Exclusion criteria

Studies that did not meet all of the inclusion criteria above were
excluded from this scoping review. Studies that reported only meta-
genomic data were excluded from this review. Narrative reviews, sys-
tematic reviews, and scoping reviews were only used to identify
additional relevant primary research and were excluded after the full-
text review stage. Studies were also excluded if the full text could not
be acquired.

2.3. Information sources

The following databases were searched to identify eligible studies
using the designed search strategy: PubMed, Scopus, Web of Science,
CABI Global Health, Networked Digital Library of Theses and Disserta-
tions, Google Scholar. The initial search was performed on October 30,
2020, and the search strategy is available in the supplementary mate-
rials. Additional studies were identified from forward and backward
reference screening of studies that meet the inclusion criteria following
full-text review. Forward searching was done with Web of Science or
Google Scholar cited reference searches. At the data extraction stage,
references cited by included studies from the initial search and forward
reference search were screened for relevance (backward screening). De-
duplication was performed at each stage with EndNote (Clarivate,
EndNote X8) and Covidence.

2.4. Review process and study selection

All studies found via the information sources were added to Covi-
dence [25] and reviewed and assessed by a review team of seven re-
viewers, with each study assessed by two reviewers. Covidence is an
online software platform designed to help reviewers to work together to
manage the various stages of conducting a systematic review, including
study selection, data extraction, and synthesis of results [25]. At the title
and abstract screening stage, studies advanced to full-text review if both
reviewers thought the study should be included or if they were unsure.
Any disagreement among reviewers (e.g., one voted to include and the
other voted to exclude) was resolved by discussion of the entire review
team. A similar process was used for the full text review, with either a
third reviewer or the entire review team assisting with disagreements
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from the two primary reviewers. The reason for exclusion at the full text
review stage was recorded.

The review team tested the title and abstract screening process on
100 studies and refined the process for clarity and consistency, as
measured by interrater reliability. The full text review and data charting
process was tested on 5 studies.

2.5. Data extraction

The data from included studies was extracted using a standard data
extraction form designed by the review team. All data extraction was
done in Covidence, and each study was extracted by two reviewers.
Conflicts were resolved by consensus, and the consensus data was
recorded for the data analysis process.

The following seven components were recorded in the data extrac-
tion process: general information (year and location of publication,
study design, study setting, etc.), pet species (dogs, cats, both), humans'
relationship with pets (pet owners, veterinarians, veterinary nurses or
technicians, or veterinary students, other or unknown), bacteria studied,
antimicrobial resistance (type of antimicrobial susceptibility testing
method, antimicrobials tested, percentage of multidrug resistant bacte-
ria among all bacteria tested in the study, proportion of specific re-
sistances for certain bacteria [e.g, the proportion of methicillin-resistant
Staphylococcus aureus among all Staphylococcus aureus tested for each
study]), evidence of transmission, and backward reference screening.
The data extraction form is included in the supplemental materials.

2.6. Evidence of transmission assessment

Study design quality and bias for each included article were not
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assessed. Three questions in data extraction form were used to assess the
quality of transmission evidence. The questions were as follows:

“Was the same bacterial species isolated from pets and humans? Yes, no,
NA”.

“Did at least one pair of bacteria isolated from pets and humans have the
same AMR phenotype or genotype? Yes, no, NA”.

“Was at least one bacterial species the same strain, as determined by
strain typing (including DNA banding pattern-based methods, DNA
sequencing-based methods, or DNA hybridization-based methods, see Sup-
plement C for details), in pets and humans? Yes, no, unknown (strain typing
not performed), NA”.

If none of the answers to these questions were “Yes”, the study was
classified as a “presumptive study”. If one, two, or three of the answers
was “yes”, the paper was listed as “low quality”,”medium quality”,
or”high quality”, respectively. Due to the large number of strain typing
methodologies used in the identified studies, we did not further divide or
characterize the typing methodology. However, some typing method-
ologies, e.g., MLST and whole genome sequencing, provide stronger
evidence for strain relatedness than others, e.g., PFGE.

2.7. Data analysis

Average Cohen's Kappa and average prevalence-adjusted bias-
adjusted Kappa (PABAK) were computed to assess the inter-rater
agreement in each study review stage.

All data were recorded using Covidence and exported using Micro-
soft Excel. A PRISMA (preferred reporting items for systematic reviews
and meta-analyses) flowchart was created to show the result of the
literature search and study selection processes. Figs. 1 and 2 were used
to describe the studies included in our scoping review by location and

Literature Search:
12/8/2020, 10/30/2020

Medline(2,846), Web of Science(1,520),

CABI(1,264), Scopus(2,583), Google
Scholar(1,080), ProQuest

Theses and Dissertations Global(163)

Search Result Dupilicates removed
n=9,456 n=3,183
Y
Title/Abstract Screen
n=9,806
(6,273 from literature search, —_—
3,533 from search in full text review) Reference Search
3/16/2021

n=2,875
~—
Y Y S

Included Excluded For\év/azrsdlzsot;z:rch

n=1,387 n=8,419 n=204

-
Backward Search
2/13/2022

A 4 n=454

. ~—
Full Text Review
n=1,387
v v

Included
n=562

Excluded
n=825

Fig. 1. The PRISMA flowchart showing the search and screening process.
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additional 3533 studies before removal of duplicates. After title/abstract
screening, 8419 studies were excluded, leaving 1387 eligible studies.
Then 825 studies were identified as not eligible for full-text review
criteria, so 562 studies were included in the data charting process
(Fig. 1). During the full-text review, the most common reasons for
exclusion were “No testing for antimicrobial resistance” (321, 39.0%)
and “Not primary research” (158, 19.2%).

The included papers were from 52 countries, predominantly in
Europe (n = 24 countries), Asia (n = 16), America (n = 5), Africa (n = 5),
and Oceania (n = 2). The most common study locations (Fig. 2) were the
United States (n = 176 studies, 31.3%), followed by the United Kingdom
(n =53, 9.4%), Japan (n = 29, 5.2%), and Canada (n = 25, 4.4%). A total
of 279 studies (49.6%) were conducted in countries where English is the
official language.

Among the 562 included studies, the date of publication was be-
tween 1953 and 2021. Only three and six studies included were pub-
lished between 1951 and 1960 and 1961-1970, respectively. The
majority of studies were published between 2010 and 2021 (n = 255,
45.4%) and 2001-2010 (n = 134, 23.8%) (Fig. 3).

3.2. Study population

Most of the studies included did not sample the pets but reported
humans infected with pet-associated bacteria [21,22] (e.g.,
S. pseudintermedius and P. multocida), so these studies were defined as
“presumptive transmission” in our review (n = 331, 58.9%). Of other
included studies, 109 sampled dogs and humans, 34 sampled cats and
humans, and 88 studies included cats, dogs, and humans. Overall, over
16,000 dogs and nearly 4,000 cats were enrolled in these studies.

The majority of humans in eligible studies were pet owners (n = 370
studies), other or unknown (n = 66), and veterinarians, veterinary
nurses or technicians, or veterinary students (n = 41). For the “other or
unknown” category, most were people who fed stray dogs or cats, people
who had contact with other people's pets, or animal shelter workers.
Table 1 shows that most of the included studies were conducted in a
human hospital/clinic (n = 399, 68.9%), household/community (n =
103, 17.8%), or veterinary clinic/veterinary school (n = 68, 11.7%). As
for study design, case reports were the most common (n = 367, 63.4%),
followed by cross-sectional/prevalence study (n = 130, 22.4%), case
series (n = 51, 8.8%), longitudinal study without a control group (n =
14, 2.4%), case-control study (n = 12, 2.1%), and cohort study (n = 5,
0.9%). The majority of case reports occurred in human hospital/clinic,
while most of the cross-sectional studies were conducted in household/
community and veterinary clinic/veterinary school.

We recorded the use of antimicrobials in humans after the isolation
of the studied bacteria and found 334 studies in which the humans were
given antimicrobials and recovered, 52 studies stated that the in-
dividuals were given antimicrobials and died, and 23 studies mentioned
that the individuals were given antimicrobials, but the outcome was not
recorded. There were also 151 studies without a clear statement of
antimicrobial use and outcome, and only six studies mentioned that the
individuals anywhere given no antimicrobials.

Table 1
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Among all studies included in this review, 295 studies used strain
typing methods to compare bacteria from humans and pets. Most of the
295 studies used DNA banding pattern-based methods (n = 133, 45.1%)
and DNA sequencing-based methods (n = 118, 40.0%). Only 10 used
DNA hybridization-based methods (3.4%), such as DNA macroarrays.
There were 34 studies using strain typing methods other than these three
types, such as mass spectrometry or serotyping. The pattern-based
methods, including pulsed-field gel electrophoresis, which is the most
common method used for strain typing (n = 100), generally provide a
lower level of evidence for bacterial strain relatedness than sequencing-
based methods. Only 54 studies used multilocus sequence typing, 40
studies used polymerase chain reaction, and 26 used whole genome
sequencing.

The most common susceptibility testing methods used in our
included studies were disc diffusion (n = 163, 24.4% of all reported
methods), broth dilution or microdilution (n = 92, 13.8%), and PCR for
specific AMR genes (n = 63, 9.4%). Among all studies included, 264
studies (39.6%) did not provide information about the susceptibility
testing methods used but reported susceptibility results.

The most common antimicrobials included in susceptibility testing
were penicillin (n = 254 studies, 45.2%), gentamicin (n = 219, 39.0%),
ampicillin (n = 214, 38.1%), tetracycline (n = 208, 37.0%), and cipro-
floxacin (n = 181, 32.2%). Among the 192 studies reporting AMR of
Staphylococcus, 103 studies (53.9%) included Staphylococcus isolates
with methicillin or oxacillin resistance and 10 studies (5.2%) included
isolates with reduced vancomycin susceptibility or vancomycin resis-
tance. Among 59 studies of Acinetobacter, Pseudomonas, or Enter-
obacterales, 39 papers (66.1%) reported isolates with resistance to
ceftriaxone or cefotaxime and 10 studies (16.9%) reported isolates with
resistance to ertapenem, meropenem, or imipenem.

3.4. Bacteria studied

Table 2 shows the most common bacteria sampled in our included
studies: Pasteurella multocida (n = 221), Staphylococcus aureus (n = 81),
Staphylococcus pseudintermedius (n = 50), Capnocytophaga canimorsus (n
= 49), and Bordetella bronchiseptica (n = 46). These five most common
bacteria were followed by Enterobacterales, which were included in 36
studies.

The majority of studies investigating P. multocida were case reports
(n = 192, 86.9%) and were conducted in human hospital/clinic (n =
209, 94.6%), while most studies of S. aureus were cross-sectional/
prevalence studies (n = 59, 72.8%). The mortality rate of
C. canimorsus and B. bronchiseptica were the highest among these five
bacteria, which were 22.4% (11/35) and 20.8% (10/46) of infected
humans dying, respectively, while only 1 of 81 cases died after being
infected with S. aureus (1.2%). Most humans with B. bronchiseptica were
reported as immunocompromised (n = 29, 63.0%).

According to the evidence assessment criteria, the majority of studies
(n =347, 61.7%) were classified as presumptive studies (Table 2), which
refer to studies without solid evidence of transmission between humans

Summary of primary study settings of studies (n = 562) by study design. Note that some papers reported more than one study design or setting.

Primary Study Settings

Study Design Household/Community Veterinary clinic/school Human hospital/Clinic Laboratory Other/Unknown Total

Case report 20 (19.4) 5(7.4) 341 (85.5) 1(16.7) 0 (0.0) 367 (63.4)
Case series 6 (5.8) 3(4.4) 41 (10.3) 1(16.7) 0 (0.0) 51 (8.8)
Cross-sectional/ prevalence 56 (54.4) 52 (76.5) 15 (3.8) 4 (66.7) 3(100.0) 130 (22.5)
Longitudinal 10 (9.7) 4(5.9) 0(0.0) 0 (0.0) 0 (0.0) 14 (2.4)
Case-control 6 (5.8) 4 (5.9 2(0.5) 0 (0.0) 0 (0.0) 12 (2.1)
Cohort 5(4.9) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 5(0.9)
Total 103 (17.8) 68 (11.7) 399 (68.9) 6 (1.0) 3(0.5) 579
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Table 2
Summary of study characteristics by the five most common bacteria isolated.
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Characteristic P.multocida S.aureus S.pseudintermedius C.canimorsus B.bronchiseptica
(n=221) (n =81) (n = 50) (n = 49) (n=46)

Study Design

Case report (n = 299) 192 (86.9%) 7 (8.6%) 20 (40.0%) 42 (85.7%) 38 (82.6%)

Case series (n = 43) 21 (9.5%) 6 (7.4%) 3 (6.0%) 5 (10.2%) 8 (17.4%)

Cross-sectional/Prevalence (n = 91) 8 (3.6) 59 (72.8%) 22 (44.0%) 2 (4.1%) 0 (0.0%)

Longitudinal (n = 8) 0 (0.0%) 5 (6.2%) 3 (6.0%) 0 (0.0%) 0 (0.0%)

Cohort (n = 3) 0 (0.0%) 2 (2.5%) 1 (2.0%) 0 (0.0%) 0 (0.0%)

Case-control (n = 3) 0 (0.0%) 2 (2.5%) 1 (2.0%) 0 (0.0%) 0 (0.0%)

Primary Study Setting

Household/ 9 (4.1%) 37 (41.6%) 16 (31.4%) 2 (4.1%) 0 (0.0%)

Community (n = 64)
Veterinary clinic/ 1 (0.5%) 37 (41.6%) 10 (19.6%) 0 (0.0%) 0 (0.0%)

Veterinary school (n = 48)

Human hospital/Clinic (n = 334) 209 (94.6%) 12 (13.5%)

Laboratory (n = 6) 1 (0.5%) 1 (1.1%)
Other/unknown (n = 4) 1 (0.5%) 2 (2.2%)
Pet Species Sampled

Dog (n=74) 15 (6.8%) 34 (42.0%)
Cat (n = 28) 20 (9.0%) 6 (4.2%)
Both (n = 55) 8 (3.6%) 35 (43.2%)
None (n = 290) 178 (80.5%) 6 (7.4%)
Antimicrobial Use in Humans and Outcome

Yes and died (n = 49) 26 (11.8%) 1(1.2%)
Yes and recovered (n = 278) 178 (80.5%) 10 (12.3%)
Yes and unknown outcome (n = 17) 10 (4.5%) 3 (3.7%)
No antimicrobial use (n = 5) 0 (0.0%) 4 (4.9%)
Unknown use and outcome (n = 100) 7 (3.2%) 63 (77.8%)

Immunocompromise Status of Human

Yes (n =110) 56 (25.3%) 3 (3.7%)
No (n=77) 41 (18.6%) 13 (16.0%)
Both (n = 21) 7 (3.2%) 4 (4.9%)

Unknown (n = 239) 117 (52.9%) 61 (75.3%)

Evidence of Transmission Assessment

Presumptive Transmission (n = 302) 180 (81.4%) 9 (11.1%)

Low (n = 35) 19 (8.6%) 10 (12.3%)
Medium (n = 44) 15 (6.8%) 20 (24.7%)
High (n = 66) 7 (3.2%) 42 (51.9%)

22 (43.1%) 45 (91.8%) 46 (100.0%)

2 (3.9%) 2 (4.1%) 0 (0.0%)
1 (2.0%) 0 (0.0%) 0 (0.0%)
20 (40.0%) 3(6.1%) 2 (4.3%)
0 (0.0%) 2 (4.1%) 0 (0.0%)
11 (22.0%) 0 (0.0%) 1(2.2%)

19 (38.0%) 44 (89.8%) 43 (93.5%)

1 (2.0%) 11 (22.4%) 10 (20.8%)
19 (38.0%) 35 (71.4%) 36 (75.0%)
1 (2.0%) 1 (2.0%) 2 (4.2%)
1 (2.0%) 0 (0.0%) 0 (0.0%)
28 (56.0%) 2 (4.1%) 0 (0.0%)

7 (14.0%) 15 (30.6%) 29 (63.0%)
8 (16.0%) 11 (22.4%) 4 (8.7%)
5 (10.0%) 2 (4.1%) 3 (6.5%)

30 (60.0%) 21 (42.9%) 10 (21.7%)

20 (40.0%) 47 (95.9%) 46 (100.0%)

5 (10.0%) 1 (2.0%) 0 (0.0%)
8 (16.0%) 1 (2.0%) 0 (0.0%)
17 (34.0%) 0 (0.0%) 0 (0.0%)

and pets. These studies either did not attempt to isolate the bacteria from
pets but the authors stated that the infection in humans was presump-
tively from the pet, or they were not able to isolate the same bacterial
species from pets and humans. There were 47 studies with evidence of
low quality (8.4%), which isolated the same bacterial species from pets
and humans but did not find the same AMR pattern in the bacterial
isolates. There were 58 studies with evidence of medium quality
(10.3%), which found bacteria of the same species and with the same
AMR pattern in humans and pets. Finally, 110 studies had high-quality
evidence of transmission (19.6%) with the study authors determining
that humans and pets carried or were infected by the same bacterial
strain through the use of strain typing. We did not further characterize
the strength of the typing methodology, but note that studies using
sequencing or genomic typing approaches likely provide higher-quality
evidence of transmission than studies using pattern-based methods.

P. multocida was the most common bacteria isolated in our eligible
studies (Table 2). However, most of these studies were case reports with
no solid evidence of transmission between pets and humans (e.g.,
frequently the transmission was assumed because of reported pet con-
tact and pets were not sampled). Of the 5 most commonly reported
bacteria, only S. aureus was often transmitted from humans to pets.
Generally, studies focusing on S. aureus provided a higher quality of
transmission evidence (>50% of studies had high quality of evidence)
than other four bacteria, which were all primarily pet to human

transmission. Half the studies of S. pseudintermedius, a commensal
staphylococcal species in dogs, had medium or high quality of evidence
for transmission [26].

4. Discussion

We identified an increasing interest in AMR transmission between
humans and pets. There were only three studies eligible for our review in
the 1950s but 255 studies from 2010 to 2021, which could reflect
increasing awareness of the One Health aspect of AMR, and/or
increasing prevalence of transmission. A recent review of pet to human
zoonosis from a One Health perspective suggested that the role of
companion animals is usually underestimated in One Health commu-
nications, the authors thought that changing attitudes towards pets
among humans lead to the changing modes of human-pet interaction,
which can cause increasing risks of zoonosis, such as AMR transmission,
but the frequency is difficult to estimate because the limited severity and
non-specific symptoms [8]. However, fewer studies focused on human to
pet AMR transmission compared to pet to human transmission; in
addition, sometimes the direction of transmission can not be determined
[27,28].

Of the five most commonly reported bacteria, P. multocida,
S. pseudintermedius, C. canimorsus, and B. bronchiseptica were identified
as pet-associated bacteria in our review with pet to human transmission.



M. Jin et al.

Only S.aureus was often transmitted from humans to companion ani-
mals. In our review, only 36 eligible papers studied antimicrobial
resistant Enterobacteriaceae, although these bacteria caused the most
human deaths in 2019 among all antimicrobial resistant pathogens [29].
Since Enterbacteriaceae are found in all mammals, it can be more chal-
lenging to study transmission between pets and humans; sampling both
the pet and the human and using high-quality strain typing is required.
More rigorous studies with high-quality evidence of human-pet trans-
mission focusing on Enterobacteriaceae are needed to help determine the
risk and direction of Enterobacteriaceae transmission between humans
and pets. Most research focusing on pet-associated bacteria were case
studies without strong evidence of transmission from the pets; the
reason could be that human physicians usually do not take samples from
pets and may not have easy access to veterinarians or other qualified
personnel who can assist with collecting microbiological samples from
pets. Additionally, sampling the pet may not add value to the physician's
diagnostic and treatment plan for infected humans. However, taking
bacterial cultures from pets when zoonotic transmission is suspected can
have significant value to public health. We recommend that physicians,
veterinarians, and public health officials consider developing guidelines
for multi-species testing in cases of zoonotic or anthropozoonotic
infection.

It is estimated that about 60% of all infectious diseases are zoonoses
[30]. Pets might be blamed as potential reservoirs and sources of some
dangerous zoonotic pathogens, which may even lead to abandonment or
lack of responsible ownership [31]. However, the risk of anthro-
pozoonosis (human to pet transmission) may be overlooked and addi-
tional studies are needed to understand the risk to pets from AMR
bacteria originating in humans. In particular, pets living with people
who work in human healthcare or who have been recently hospitalized
could be at higher risk for becoming infected or colonized with AMR or
MDR pathogens [30].

Due to the trends of increasing companion animal population and
closer pet-human interactions in the world [32], it is important to think
about the AMR issue from the One Health perspective, which aims to
achieve optimal health outcomes by recognizing the interconnectedness
between people, animals, plants, and their shared environment [33].
Studies showed that pet owners might have a limited understanding of
antibiotic use among pets, and they are unwilling to change their
affectionate behaviors with companion animals [34,35]. Therefore,
antibiotic stewardship and judicious use are essential to protect com-
panion animals and their owners from AMR, and veterinarians play an
important role in this process. Specific guidelines for antibiotic use
among pets [35] are an important tool for limiting harmful AMR and
subsequent resistant bacterial zoonoses.

This scoping review has several limitations. According to our eligi-
bility criteria, we only included studies in English and Mandarin Chi-
nese. Nearly one-third of all studies were conducted in the US, and there
could be a bias towards English-speaking countries as only studies
published in English were included in our review. Although we aimed to
also include studies in Mandarin, no eligible studies were identified.
Excluding studies in languages other than English may limit the global
generalizability of this review. Also, as only studies that cultured bac-
teria and tested for at least one phenotypic or genotypic resistance were
eligible for this review, studies that used a metagenomic approach were
excluded. Metagenomic data may lend some insight into the spread of
AMR genes and this data type should be considered when designing
future studies of human-pet AMR transmission.

Our quality assessment of the evidence for transmission was broad
because of the diversity of methods used by the eligible studies. It is
important to consider the specific strain typing methods and approaches
used in a study before confidently determining that transmission has
occurred. We encourage readers to critically evaluate the methods of
each study of interest. We did not assess the study design quality and
bias for each included article. However, scoping reviews do not always
seek to provide a quality assessment of each study but aim to include an
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extensive range of literature on a broad question [36]. We synthesized
the data extracted from eligible studies, whose literature provided
different levels of quality and used different types of study design. The
strain typing methods and antimicrobial susceptibility testing methods
also varied and might use different criteria or techniques due to the
limitations of technology at the time of publication. Therefore, the AMR
rates cannot be synthesized across studies because of substantial dif-
ferences in bacterial populations sampled (e.g., year, location) and
methods of sampling. Additionally, some studies provided data at an
isolate-level and others only provided overall percentages of resistance.

5. Conclusion

Our review provided evidence that transmission can occur in both
directions: pets to humans (e.g., S. pseudintermedius and P. multocida)
and humans to pets (e.g., S. aureus). This study has indicated a clearly
increasing interest in AMR bacterial transmission between companion
animals and humans, particularly in the last 20 years. However, >60%
of our eligible studies presumed transmission between humans and pets
and did not provide solid evidence of transmission, which requires
culturing both pets and humans, applying the same type of susceptibility
testing to the isolates, and strain typing. Also, the majority of studies
were case reports or case series studies, suggesting that more rigorous
primary studies, such as longitudinal, cohort, or case-control studies are
needed to provide higher levels of evidence and help us fully understand
the risk of human-pet bacterial transmission.
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