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Abstract

Antimicrobial resistance is a growing issue all over the world which drastically reduces the effectiveness of antibiotics against infection.
Increased antimicrobial resistant Escherichia coli (AMR E. coli) in humans can be attributed to a variety of factors, one of these factors is the
close contact of humans with companion animals, mainly cats and dogs. Research has indicated that pets harbor multiple strains of resistant
E. coli and these resistant bacteria can be transmitted by direct and indirect contact to humans. Risk factors responsible for transmission of
AMR E. coli include lack of hygiene practices, inappropriate antimicrobial use in pets, and contamination of household environment with
resistant E. coli contained by pets, feeding raw meat diet to pets and lack of public awareness about AMR in pets and its transmission to
humans. Similar strains of resistant E. coli have been found in pets and their owners in a number of studies indicative of zoonotic
transmission. A variety of strategies need to be adopted to prevent this transmission including improving one health surveillance strategies
for tracing and managing transmission of resistant bacteria, development of vaccines against AMR E. coli, promoting appropriate
antimicrobial use in veterinary practice, improving people awareness and pet hygiene.
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Introduction

As a health care problem towards human and animals, antimicrobial resistance or AMR is a worrisome one as it compromises the
efficacies of antibiotics. It is one of the major devastating threat to global health, and should be addressed from one health perspective for
effective control (Morrison & Zembower, 2020). Zoonotic pathogens, such as Escherichia coli, are at the center of this emergency, and their
resistance genes can be transmitted horizontally between humans, animals and the environment (Poirel et al., 2018). Pets such as dogs and
cats are found to be the reservoir and vector of AMR bacteria as a result of their constant and direct contact with human beings (Pomba et
al., 2017; Gwenzi et al., 2021).

Resistant strains of E. coli in domestic pets originate from an environmental source, diet, and through veterinary antibiotic use and are
often found in their gut microbiota. It is known that there are substantial similarities in resistomes of humans and their pets, so the cross
transmission is facilitated by contact (Belas et al., 2020; Rgken et al., 2022; Habib et al., 2023). Transmission is usually direct person to person,
such as through exposure to body fluids (handling or ingestion), and indirect through contaminated surroundings (soil or objects), from objects
used by one or more individuals (shared bedding or feeding dishes), or as a result of contact with feces (Bhat, 2021). Especially when humans
live in typical housing units of urban life where pets and their owners are likely to reside in a confined space, this proximity increases newfound
public health concerns (Mukerji et al., 2017; Binek et al., 2019).

AMR E. coli has grown in rate within companion animals due to over-administration of antibiotics in animal practice. For example, the
regular prescription of broad spectrum antibiotics in pets has been found to result in emergence of multidrug resistant (MDR) bacteria that
makes treatment of diseased people and animals arduous (Chirila et al., 2017; Marques et al., 2020). In addition, some of these water resistant
strains may infiltrate the society making the recirculating zoonotic cycle even wider (Leite-Martins et al., 2015; Bhat, 2021).

These challenges are increasingly necessitating the need to develop antimicrobial stewardship program for human and animal
antimicrobial use. Therefore, general increasing of public awareness and introduction of changes in people’s behavior are needed, along with
specific researches on animals and on vectors of zoonotic AMR bacteria (Yu et al., 2020; Ding et al., 2023). This article offers an overview of
companion animals' interactions in the zoonotic dissemination of antibiotic resistance (AMR) E. coli with regard to the transmission routes,
potential consequences to human health, and potential intervention measures. Knowing these factors helps ascertain multi-sectoral approaches
to tackle AMR for the sake of human and animal welfare.
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Overview of Zoonosis and Role of Companion Animals in Disease Transmission

Diseases transmissible from animals to humans, known as zoonosis, have been recognized as a large intersection between veterinary and
human medicine (Pal, 2005; Chomel, 2014). They can be caused by bacterial, viral, parasitic and fungal agents and spread by direct contact,
vectors or contaminated environment. The zoonotic proportion of new and resurgent infectious diseases is 60% with vast implications for
public health necessitating One Health solutions (Hugh-Jones et al., 2008).

Companion animals, i.e., cats, dogs, and other companion animals, are very important in the spread of zoonotic diseases to humans
because of the close contact between humans and animals. Common zoonotic diseases include: rabies, cat scratch fever (Bartonella henselae),
toxoplasmosis and leptospirosis in dogs (Chomel, 2014). Not only do these diseases put peoples' health at risk, but they also incite significant
economic burden of treatment (Taylor et al., 2001). Methods of mitigation that prove to be viable include vaccination, deworming, regular visit
to a vet, and educating the public on how to handle animals safely (Kisling & Das, 2023). Increased knowledge of these pathways of zoonosis
reinforces the importance of concerted action by veterinarians, physicians, and policymakers to protect humans and animals (Aggarwal &
Ramachandran, 2020; Kelly et al., 2020; Erkyihun & Alemayehu, 2022).

Fig. 1: Sources of acquisition of
antimicrobial resistant E. coli (AMR
E. coli) by pets
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Mechanisms of Antimicrobial Resistance in E. coli and Implications for Zoonotic Spread

The potential of E. coli to acquire and disseminate resistance genes is of concern in both human and veterinary medicine as such a
development would confer resistance to effective treatment against E. coli acquired infections. Beta-lactamase enzymes, DNA gyrase mutations,
efflux pump, cell alteration of antibiotic receptor sites, decreased drug entry, and the use of enzymes to inactivate the drug comprise E. coli
resistance mechanisms (Reygaert & applications, 2017; Galindo-Méndez & Treatment, 2020; Jariremombe, 2022). Repeated exposure of pets
to antibiotics make their bacteria resistant to them, as a result these bacteria persist in companion animals, rendering them potential sources
of spread of such bacteria to humans (Schwarz et al., 2017).

AMR E. coli can be carried by animals as reservoirs, and can transfer to human bacterial population, through horizontal gene transfer
involving plasmids, transposons, and integrons (Vinayamohan et al., 2022). AmpC beta-lactamase producing E. coli and ESBL-producing E.
coli, have especially been detected in pets, which are usually closely related to those identified in humans (Carvalho et al., 2016; Toombs-Ruane
et al., 2020).
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Environmental infection through pet feces and through contact with animals also helps spread these resistant strains. It has been suggested
by research that resistant E. coli strains can stay in households and can pass through utensils or common areas of shared use and consequently
be transmitted to other animals and humans (Leite-Martins et al., 2015).

Understanding of how AMR E. coli genetics are transmitted and spread will enable appropriate interventions to be developed. Risk control
measures include surveillance of resistance patterns in veterinary isolates, optimal use of antibiotics in pets and education of pet owners on
appropriate methods of pet hygiene. Adoption of these measures into the One Health intervention assures an all-inclusive plan to address the
AMR E. coli spread across species and settings (Marco-Fuertes et al., 2022).

Companion Animals as Reservoirs of Antimicrobial-Resistant E. coli

Pets especially dogs and cats are a significant source of antimicrobial-resistant (AMR) E. coli. Their ability to reside close to human beings
allow the bidirectional exchange of resistant strains that question marks the health of the general public. Several publications have revealed
that AMR E. coli is widespread among pets (Saputra et al., 2017; Marchetti et al., 2021; Zhou et al., 2022; Moon et al., 2023). Dogs and cats are
often colonized with ESBL-producing E. coli strains that are resistant to a wide spectrum of antibiotics, including cephalosporins and
carbapenems (Salgado-Caxito et al., 2021; Zhou et al., 2022). Surveillance reports indicate evidence of genetic relatedness between resistant E.
coli found in pets and comparable strains in humans (Flament-Simon et al., 2020).

Antecedent risk factors for colonization in companion animals are prior use of antibiotics, underlying illness and exposure to hospital
environment (Figure 1). Research also indicates a disproportionate number of resistant cases from animals fed raw food or those in frequent
contact with other animals such as in the case of multiple animals in the same household or animals during boarding (Schmidt et al., 2015;
Wedley et al., 2017; Ekakoro et al., 2022).

Transmission Pathways of Antimicrobial Resistant E. coli between Pets and Humans

Dogs, cats and other domestic animals increase the circulation of AMR bacteria including E. coli. Under normal circumstances, people and
their companion animals come into close contact daily. Hence, chances of the possible transfer of AMR bacteria through direct physical contact
or contact with infected soil, water and or food increase (Damborg et al., 2016).

Multidrug-resistant E. coli strains or strains that bear the ESBL-enzyme are transferable between humans and their pets. Such resistant
strains constitute a constantly increasing threat to public health by making it challenging to treat infection in veterinary medicine and human
medicine (Chung et al., 2017; Naziri et al., 2022).

Transmission of AMR E. coli between companion animals and humans occurs through several pathways (Figure 2):

1. Direct Contact: The resistant E. coli can be transferred from pets to humans through social contact such as petting or grooming, or
kissing pets. Direct contact of the human skin or mucosal surfaces with pets may transfer AMR E. coli from them and can lead to
infections (Bhat, 2021).

2. Fecal-Oral Route: As a commensal, E. coli is found in the intestinal tract and is excreted by way of the animals’ feces. Ingestion of the
resistant strains is likely to result from disposal of pet waste or contact with surfaces contaminated with pet feces. In addition, this can be more
dangerous for children and people with a compromised immune system (Ratti et al., 2023).

3. Environmental Contamination: Since AMR E. coli lives in the urine and feces, it can exist on house surfaces; litter, and other
commonly touched surfaces like doorknobs and floors, and pets can transfer it to other household surfaces through their saliva or
contact after they lick themselves, their urine or feces, or the litter. Such contamination increases danger of the indirect transmission
of AMR E. coli (Gwenzi et al., 2021).

4. Shared Veterinary and Human Healthcare Practices: Similar antibiotics are given in both humans and animals in many instances, thus
creating the opportunity to develop resistant bacterial strains with the same resistance genes in both humans and companion animals and to
pass the infection between them (van den Bogaard & Stobberingh, 2000; Moulin et al., 2008).

Risk Factors for Transmission of Antimicrobial-Resistant E. coli from Pets to Humans
1. Close Human-Pet Contact

Pets are always in close contact with the owner, so there is a high potential for spreading AMR E. coli because aspects such as caressing
or hugging, sleeping with pets or letting the pets lick human skin enable the transmission of the resistant bacteria (Damborg et al., 2016). Such
desirable psychosocial contacts have the negative effect of transferring diseases from pets to people.

2. Inappropriate Antimicrobial Use in Pets

The misuse or overuse of antibiotics in veterinary care plays a significant role in the development of AMR bacteria. Antibiotic use without
prescription or, in other words, the use of broad spectrum antimicrobials when not necessary, will assist in developing resistant E. coli
transmitted to humans. Exposure to animals with these organisms can spread MDR E. coli from pets to people. It is difficult to treat infection
caused by such strains in veterinary as well as human medicine that are a persistently emerging threat to public health (Chung et al., 2017;
Naziri et al., 2022).

3. Poor Hygiene Practices

Furthermore, failure to wash ones’ hands after coming in contact with pets, cleaning litter or even dealing with wastes increases chances
of acquiring AMR E. coli from pets. It can also happen if hands are not sanitized after handling food and water bowis of pets (Damborg et al.,
2016). Good prevention depends on health promotion, or teaching people about hygiene.
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4. Environmental Contamination

Contaminated areas, in other words, areas where pets are likely to pass feces such as rooms, gardens and shared living spaces are also
sources of E. coli. Since they are commonly found on surfaces around humans and in soil unintentional contact with humans occurs (Wedley
et al., 2017). Waste from pets should be properly disposed of, spaces where pets are kept should be washed to reduce possibility of contamination
and pet movement should be localized to individual spaces where no one else visits.

Transmission pathways of AMR E.colifrom Pets to Humans  Fig 2: Transmission pathways of AMR
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5. Immunocompromised Individuals in Households

Those who have compromised immune systems can get an AMR infection from their pets. These include old people, children, or those
patients taking other drugs like chemotherapeutic agents. There are higher risks of infection acquisition by direct or indirect exposure to
resistant pathogens in such people (Faires et al., 2009).

6. Feeding Raw Meat Diets to Pets

Pets consuming raw meat diets showed very high risks of AMR E. coli colonization in their gut. Such diets can contain resistant bacteria
that pets ingest and then pass some of these bacteria out in their feces. Some of these bacteria can then pass on to humans that encounter pet
feces. This is why feeding cooked meat to pets can actually help prevent pets from getting AMR E. coli and spreading it to humans (Abbas et
al., 2019; Groat et al., 2022; Morgan et al., 2024).

7. Multi-Pet Households
The probability of bacterial transfer is greater if multiple pets are contained within the same household and the likelihood of transfer of
resistance genes among animals also increases. This encourages higher bacterial loads that can transmit to humans (Damborg et al., 2016).

8. Limited Awareness of AMR Risks in Pets

Research has shown that pet owners do not know enough about the role of pets in the transmission of antimicrobial resistant bacteria
and therefore, do not practice adequate hygiene and biosecurity. However, equally alarming is that the public is not adequately informed on
the mode of zoonotic transmission of AMR bacteria, making transmission more likely. In addition, very few researches have been done to
measure antimicrobial resistance in pets, indicating a decreased level of understanding and consciousness about it (Smith et al., 2018).

Impact on Human Health: Case Studies and Public Health Implications

Pets, both in contact and at a distance, bear a considerable responsibility for spreading antimicrobial resistant (AMR) E. coli to humans
and affecting human health and public health systems worldwide. Current research has revealed that humans and their companion animals
share similar resistant E. coli species. A study done in Romania demonstrated that dogs harboring Extended Spectrum Cephalosporin Resistant
Enterobacterales were shedding the pathogens back to their owner thus reflecting the possibility of zoonotic transmission of resistant bacteria
from pets to owners (Cozma et al., 2022). Likewise, coexistence of ESBL Enterobacterales in dogs and their owners who live together in same
house was also confirmed by a study carried out in the year 2020 (Van den Bunt et al., 2020).
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A study done on households in Portugal and the United Kingdom showed that there was transmission of ESBL producing E. coli between
the pets and their owners. Longitudinal transmission of E. coli strains between pets and their owners was also identified (Menezes et al., 2024).
Another study aimed at establishing the co-carriage of ESBL E. coli and AmpC Beta lactamase producing E. coli established that co-carriage of
these E. coli was present in 11 out of 27 households with pets, which implies that such resistant bacteria might be transferred from pets to their
owners (Toombs-Ruane et al., 2020).

The consequences for public health systems are therefore significant. AMR infections make treatment more challenging because effective
antibiotics become scarce, hence longer hospital stays, higher treatment costs, and higher mortality rates occur (Ferri et al., 2017; Dadgostar,
2019). Continued population-based surveillance determined that pets play a significant role in the transmission of MDR bacteria in the
community, including urban areas characterized by high human and companion animal interaction. Furthermore, animals that often go to
recreational areas, including parks, spread AMR pathogens in urban environments, and therefore raise the threat of more extensive community
infections (Damborg et al., 2016).

Measures to Prevent Zoonotic Transmission of AMR E. coli from Companion Animals

Companion animals which live in close proximity to humans are a critical source of public health concern for transmission of AMR E. coli.
A multisector model has to be integrated across veterinary practices, public health policy makers, and communities to address this risk. Below
are detailed strategies to reduce the risk of zoonotic transmission:

1. Improving One Health Surveillance Strategies

Above all, One Health field is necessary for following and managing circulation of AMR E. coli. This is an information approach that covers
information from human and animal health and environment. Surveillance systems should include routine sampling of companion animals in
veterinary clinics, animal shelters and areas of high human population density. Public health practitioners would be able to utilize the given
AMR patterns of E. coli isolates from pets and their owners seen at the given veterinary clinics to establish zoonotic transmission pathways and
they may develop related interventions. Whole genome sequencing is one of many genomic technologies that can complement surveillance to
detect the spread of resistance genes between species, organisms, and environments (Singh et al., 2021; Djordjevic et al., 2024).

2. Promoting Knowledge of Appropriate Use of Antimicrobial Drugs in Veterinary Practice

Veterinary antimicrobial stewardship is fundamental approach since proper antimicrobials use in animals is essential to reduce AMR.
Most standard-treatiment protocols involve use of antibiotics, animal doctors should always search for other forms of treatment and use those
types of treatment before using antibiotics. Medicines such as third generation cephalosporin and fluoroquinolone should only be used where
alternatives are unavailable. In the practice of appropriate antibiotic use in the veterinary sector, cross-sector collaboration between
veterinarians; researchers and policymakers can be practiced (Caneschi et al., 2023).

3. Improving People’s Awareness and Promoting Pet Hygiene

Accumulated evidence has also made another point — that pet owners should be held accountable for stopping zoonotic transmission.
According to research, interventions to prevent spread of AMR bacteria should also include a need to wash hands and clean surfaces after
contacting with pets (Harbarth et al., 2015). Because pets’ feces can serve as a reservoir for AMR E. coli, people should make sure of proper pet
waste disposal. Additionally, some aggressive dangerous behaviors that can result in decreased health standards are allowing the pets to lick
human faces and feeding them raw food diets. Since resistant bacteria are transferred from animals to humans (zoonotic transfer), these
Ppractices need to be eliminated to prevent zoonotic spread (Collignon et al., 2019).

4. Developing and Promoting Vaccines against Antimicrobial Resistant Bacteria

Creating vaccines that target AMR E. coli strains in companion animals is the best way to prevent diseases from these strains. Vaccination
also reduces bacterial load in pet meaning the chance of zoonotic transmission is reduced. Through studies of the immunology and molecular
biology potent vaccines could be developed towards resistance mechanisms such as beta lactamase production (Alghamdi et al., 2021).

5. Waste Management for the Reduction of Environmental Contamination

A study also found that the majority of the spread of AMR E. coli into the environment was contributed by pet waste. Local governments
can, however, legally ban poor disposal procedures, so they can put in place ordinances on how to catch up on animal waste. Information,
education, and communication on the risks of polluting the environment will always be the case for supporting municipal formal systems for
waste collection. Dealing with animal waste, technologies should be seen as and searched for as methods for sustainability (Palma et al., 2020;
Gwenzi et al., 2021).

6. Community Level Biosecurity Measures

Also in areas of high rates of pet ownership physical barriers should be used for separation of pet areas, especially in risky areas such as
playgrounds and parks, to help minimize contact. The zoonotic transmission is lowered by minimizing pet contact such as by avoiding sleeping
with them. For populations with AMR susceptible infections, guidelines for interaction with pets need to be established (Stull et al., 2015;
Damborg et al., 2016).

7. Focusing on Research regarding Zoonotic AMR Dynamics
Determining how AMR transits between companion animals and humans is vital for policy making. Areas for future research priorities
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include mechanisms for transfer of AMR genes between species, the role of microbiota in AMR dynamics and identification of long term
sustainable intervention strategies. Multi subject cooperation and interest alliances could improve work (Cheng et al., 2024).

Conclusion

Antimicrobial resistance is one of the major public health concerns. It is increasing over time due to a variety of reasons one of which is
contact with companion animals. Companion animals inevitably play important role in zoonotic transmission of AMR E. coli. Therefore, there
is a need to adopt important preventive measures such as judicial use of antibiotics in pets, limited contact between pets and owners, increased
public education and awareness about AMR, good hygiene practices and implementation of community-level biosecurity measures to reduce
zoonotic spread of AMR E. coli from companion animals to humans. A one health approach for surveillance of antimicrobial resistance spread
is necessary to contain the issue prior to further spread.
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