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Abstract

Dogs are a potential reservoir for Escherichia coli and other zoonotic bacterial
pathogens posing the risk of infection to humans and other animals. A cross-
sectional study was used to collect 438 rectal swab samples from apparently
healthy dogs of Ambo, Gojo, and Bako towns of West Shewa Zone with the ob-
jectives of investigating the prevalence, risk factors and antibiogram of E. coli.
A questionnaire survey was administered at the household level to collect data
on potential risk factors to acquire E. coli infection. Prevalence was determined
by using standard bacteriological culture techniques. Further confirmation
and antimicrobial susceptibility testing of E. coli using the minimum inhibi-
tory concentration (MIC) method were conducted using Automated Phoenix
Machine. The overall prevalence of E. coli was found to be 24.2% (95% confi-
dence interval [CI]:20.26-28.49%). The isolation rate of E. coli was the highest
in Bako 31.01%, followed by Gojo 30.99% and Ambo 18.49% towns. Univariable
and multivariable logistic regression analyses revealed that there was a signif-
icant association between E. coli prevalence and towns and Kebeles (P<0.05).
However, age, sex, the presence of other domestic animals in the household,
types of the housing system, educational level of the dogs’ owners, and type
of feed provided to the dogs did not significantly correlate with the isolation
of E. coli (P> 0.05). E. coli isolates were pan-susceptible to amikacin, ertape-
nem, imipenem, piperacillin-tazobactam, netilmicin, ampicillin, piperacillin,
cefoxitin, ciprofloxacin, levofloxacin, and meropenem. A low level of resistance
was found to aztreonam, ceftriaxone, (each 13.95%), cefazolin (22.73%), genta-
micin (11.90%), and trimethoprim-sulphamethoxazole (6.97%). E. coli isolates
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showed multidrug resistance to aztreonam, cefazolin, ceftriaxone, gentami-
cin, and trimethoprim-sulphamethoxazole (14.0%). This demonstrated E. coli
prevalence and moderately low antimicrobial resistance suggests the possible
risk of infection of humans. Therefore, raising public awareness about zoonotic
canine disease prevention measures and good hygienic practices are essential..

Keywords: Antibiogram, Dog, Escherichia coli, Ethiopia, Prevalence, Risk
factor.

Introduction

Dogs benefit humankind in several ways such as through guiding blind people,
guarding, and hunting (Dantas-Torres and Otranto, 2014). The ownership of a dog
has been associated with a decreased likelihood of high blood pressure, obesity,
and cardiovascular disease (McConnell et al., 2011). However, there are sev-
eral health hazards associated with owning dogs (Damborg et al., 2009) such
as viral, bacterial, protozoal, and helminth infections; and bite and allergy.
Considering the large number of people sharing their homes with dogs and the
close relationship that many owners share with their dogs, the public health
impacts of dogs as companion animals is important to consider, particularly
with the One Health initiatives which aim to integrate human, animal and
environmental health (Blaha, 2012).

Escherichia coli normally reside in the lower intestines of most warm-blooded
mammals, including dogs. Normally, the presence of E. coli is benign and even
beneficial, but in some cases, it can cause disease, especially in newborn pup-
pies and in those with impaired local or systemic immunity (Beutin, 1999). The
enteric E. coli are divided based on virulence properties into Enterotoxigen-
ic (ETEC), Enteropathogenic (EPEC), Enteroinvasive (EIEC), Verotoxigenic
(VTEC), Enterohemorrhagic (EHEC) and Enteroaggregative (EaggEC) (Fren-
zen and Drake, 2005).

The pathogenic strains or clones of E. coli which exist in canines are capable of
causing significant morbidity and mortality in humans as well as in pets (San-
yal et al., 1997; Beutin, 1999; Sancak et al., 2004). Besides its role in gastroin-
testinal infections, E. coli can cause infections of the urogenital tract and sys-
temic disease in dogs and cats (Beutin, 1999). Moreover, companion animals
are of importance in global antimicrobial resistance research, particularly due
to the consistent intimate contact they have with humans, and thus their pu-
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tative role in the transmission of zoonotic resistant bacteria like E. coli, either
directly or indirectly through contact and the environment (Guardabassi et al.,
2004; Ewers et al., 2012).

It has been reported that canine feces represent a potential reservoir for the
human acquisition of commensal bacteria, such as E. coli, that can act as a ma-
jor source of antimicrobial resistance genes (Caprioli et al., 2000). E. coli have
been extensively studied in farm animals as well as pets around the world (Pu-
noSarmiento et al., 2013). In Ethiopia, the presence of E. coli in general and E.
coli O157: H7, in particular, have been studied in meat/carcass of ruminants
(Hiko et al., 2008; Mersha et al., 2010; Taye et al., 2013; Bekele et al., 2014;
Dulo et al., 2015; Abdissa et al., 2017; Atnafie et al., 2017; Beyi et al., 2017),
bovine milk (Bihon et al., 2018), in yogurt and cheese/cottage cheese (Tsegaye
and Ashenafi, 2005), fruit juice (Mutaku et al., 2005), in feces and skin (Mer-
sha et al., 2010), urine of pregnant women (Gessesse et al., 2017). But, to the
best of the author’s knowledge, no published information is available regard-
ing the epidemiology, antibiogram, and potential public health risks of E. coli
in dogs. Thus, this study was conducted to estimate the prevalence of E. coli
from rectal swabs of dogs, to assess the potential risk factors of infection and to
determine the antibiogram of E. coli isolates in Ambo, Gojo and Bako towns of
West Shewa Zone, Oromia region, Ethiopia.

Materials and methods
Study area

The study was conducted in three selected towns, namely Ambo, Bako, and
Gojo, located in Oromia Region, West Shewa Zone. Ambo town is the adminis-
trative center of the Zone of West Shewa located 114 km west of Addis Ababa,
the capital of Ethiopia, between latitudes of 8°59'N - 8.983°N and longitudes of
37°51'E - 37.85°E. The elevation of the town ranges from 1900 to 2275 meters
above sea level (masl). Its temperature ranges from 19 °C to 29 °C with an aver-
age annual temperature of 22 °C and an average annual rainfall of about 900
mm. The town has a total human population of 74, 843 out of which 39,192 are
males, and 35,651 are females (CSA, 2005).

Bako town, the administrative center of Bakotibe district, is located 260 Km
West of Addis Ababa and lies between 9.1274° N and 37.0561° E. The elevation
of the town ranges from 960 to 2450 masl. The mean annual rainfall is 886.5
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mm. The monthly mean temperature of the town varies from 14.5°C in Decem-
ber to 21.6°C in June with an average annual temperature of 28°C (BTAC and
Agricultural Bureau, 1998). The town has a total human population of 35,769
out of which 16,692 are male and 19,077 are females (CSA, 2005).

Likewise, Gojo town is the administrative center of Jeldu district of West Shoa
Zone located 120 Km West of Addis Ababa, between 9.2659° N and 38.0817° E.
The elevation of the town ranges from 1800 to 2550 masl. The mean tempera-
ture of the town is 20 °C and gains an annual average rainfall of 2500 mm. The
human population of Jeldu district is 202,655 of which 102,796 are females
and the remaining 99,859 males (CSA, 2008). The three towns have bimodal
rainfall characterized by a small rainy season from February to May and a big
rainy season from July to September. The dry season extends from October to
January (CSA, 2007; CSA, 2015). There was no accessible recorded statistical
information on the dog population in the three study towns.

Study populations and study animals

Study populations were dogs including local, exotic and crossbreeds owned by
the households in the three selected towns of West Shewa zones. The study
animals are dogs in the selected Gotes (a sub Kebele holding up to 50 house-
holds) and Kebeles (smallest administrative unit of a district/town) in the three
towns.

Study design

A cross-sectional survey was used to study the prevalence, risk factors, and
antibiogram of E. coli from rectal swab samples of dogs.

Sample size determination

The sample size was determined according to Thrusfield’s (2005) formula with
an expected prevalence of 50%, 5% desired absolute precision and 95% confi-
dence interval since there is no previous study conducted on E. coli of dogs in
Ethiopia.

N=1.962 Pexp (1-Pexp)/d2

Where n= required sample size, p=expected prevalence d= desired absolute
precision. Therefore, the calculated sample size was 384. For better precision,
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438 animals were investigated. There was no data on the dog population in the
three towns. The distribution of the dog population in each Kebeles of the study
towns was assumed uniform. There are three Kebeles in Ambo town while Bako
and Gojo towns have two and one Kebeles respectively. The total sample size
was allocated to Ambo (n=238), Bako (n=129), and Gojo (n=71) towns roughly
proportional to the human population.

Study methodology

Questionnaire survey

A semi-structured pretested questionnaire was administered to dog owners
during sample collection. Questions asked to dog owners include dog manage-
ment, housing system, feeding, presence of other animals in the household,
veterinary care, and educational level of the owners.

Data collection format was also prepared and used to record the sex (female,
male), age (jJuvenile (6 weeks to 6 months), adolescent (7 months to 18 months),
adult (19 months to 7 years), geriatric (greater than 7 years) (Kiflu et al., 2017)),
breed (local, exotic & cross), district (Ambo, Bako, Gojo), housing (indoor, out-
door, mixed), feeding (household leftover, raw animal products, cooked animal
products, mixed), of the all sampled dogs.

Sample collection and transportation

From each “Kebeles,” four “Gotes” were randomly selected using the list of Gotes
in each Kebeles (sampling frame) provided by local administrators. The index
household in a Gote was randomly selected and subsequent households were
surveyed door to door. Before the fecal swab samples collection, 70 % ethyl
alcohol impregnated cotton was used to clean the perianal area of each dog.
Prior to sample collection, restraining of dogs was performed manually using
movable metallic crush. The sterile cotton-tipped applicator stick was inserted
2-4 ¢cm into the rectum, slightly rotated to collect fecal material, then gently
removed, put into peptone water, and immediately transported to Ambo Uni-
versity Zoonoses and Food Safety Laboratory using an icebox with ice packs.
In the laboratory, the samples were processed immediately, otherwise stored
at 4°C until examined in 2 days.
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Isolation of Escherichia coli

The swab samples were incubated overnight in buffered peptone water at 37°C
for 24 hours. Then, a loopful of bacteria from peptone water was cultured on
MacConkey agar (BM020, Sisco Research Laboratories Pvt. Ltd., India) for 18
to 24 hours at 37°C. Typical lactose fermenting pink color colony was picked
and streaked again on Eosin Methylene Blue (EMB) agar (BM020, Sisco Re-
search Laboratories Pvt. Ltd, India). Green metallic sheen isolates were con-
sidered to be E. coli and the presumptive colonies were transferred on nutri-
ent agar. Then, isolates were biochemically tested using the IMVIC (indole,
methyl red, Voges Proskauer, and citrate) test and on triple sugar iron agar
(TSI) and motility. The E. coli isolates revealed a complete fermentation of 5
basic sugars by producing both acid and gas. The isolates were also revealed a
positive reaction to the MR test and the Indole test but a negative reaction to
the VP test. TSI agar medium gave yellow color in both the slant and butt with
gas production.

Identification and antimicrobial susceptibility test

Further Identification (ID) and antimicrobial susceptibility test (AST) were
performed at the International clinical laboratory (ICL) located in Addis Aba-
ba, Ethiopia. Fifty-seven isolates of E. coli identified by biochemical tests were
transported to ICL using a cold chain. Then, isolates were sub-cultured on
MacConkey agar media and incubated for 24 hours. After all bacterial colonies
and materials were collected to the inoculation site, Phoenix ID broth was la-
beled. Using an aseptic technique, fresh colonies of the same morphology were
picked up with the tip of a sterile cotton swab and suspended in the phoenix
ID broth (4.5ml) then the tube was capped tightly, vortexed for five seconds
and allowed to settle for approximately ten seconds for air bubbles to surface.
After this, the tube was inserted into the BD Phoenix Spec™ nephelometer to
measure inoculum density which was set to 0.5 McFarland for the panel type
being run (range of 0.5-0.6 is acceptable). The density of the organism was
adjusted by either adding colonies from the isolate or diluting the broth with
fresh Phoenix ID broth and re-measuring the turbidity. Then, the Phoenix AST
broth tube (8 ml) was labeled with the sample code and one free-falling drop
of AST Indicator solution was added to it and was inverted to mix. Then, 25uL
of the bacterial suspension from the ID broth tube was transferred into the
AST broth tube using a sterile pipette. Then, the AST tube was capped and in-
verted several times to be mixed. After waiting for few seconds for air bubbles,
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ID tube inoculum was poured into the fill port on the ID side of the panel
(Gram-negative tray with E. coli ATCC 25922 used as quality control organ-
ism) and the fluid was allowed to traverse down the tracks. Then, AST broth
inoculums were poured into the fill port on the AST side of the panel (85 well
sides) and the fluid was allowed to traverse down the tracks before moving the
panel. Then the panel closure was snapped on and the panels were inserted in
the transportation caddy. Before insertion of the panel into the Phoenix 100
machine, all panels were logged into the panel log in soft key. After the panel
soft key was opened, all information was fed into the software and saved. The
panels were inserted into the BD Phoenix 100 machine. The load panel key on
the instrument was pressed to hear the audible signal sounds, then, the door
unlocked icon appeared and the instrument door was opened and the panel
holder where there was no panel in place was selected. Then, the bottom part
of the panel was placed in the panel holder and pressed downward; the top of
the panel was pivoted back into the panel holder and then allowed to move
upward. Lastly, the instrument door was closed.

The antimicrobials for testing drug resistance were selected based on informa-
tion obtained from local health authorities (personal communication) about
the antibiotics that are used to treat human and animal E. coli infections in
Ethiopia. E. coli isolates resistant to three or more classes of antimicrobials
were considered to be multidrug-resistant (MDR) (Magiorakos et al., 2012).
The Minimal Inhibitory Concentration (MIC) Interpretive Standards were
shown in Table 1.
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Table 1. Minimal Inhibitory Concentration (MIC) Interpretive Standards for
Enterobacteriaceae

Antimicrobial agents Minimum Inhibition Concentration (MIC)

Susceptible at <pg/ Intermediate Resistance at > pg/

ml ml
Amikacin 16 32 64
Amoxicillin-Clavulanate 8/4 16/8 32/16
Ampicillin 8 16 32
Ampicillin-Sulbactam 8/4 16/8 32/16
Aztreonam 4 8 16
Cefazolin 2 4 8
Cefepime 2 16
Cefoxitin 8 16 32
Ceftazidime 4 8 16
Ceftriaxone 1 2 4
Cefuroxime 8 16 32
Ciprofloxacin 0.06 0.12-0.5 1
Ertapenem 0.5 1 2
Gentamicin 4 8 16
Imipenem 1 2 4
Levofloxacin 2 4 8
Meropenem 1 2 4
Netilmicin 8 16 32
Piperacillin 16 32-64 128
Piperacillin-Tazobactam 16/2 32/4-64/4 128/4
Ticarcillin 16 32-64 128
Ticarcillin clavulanate 16/4 32/2-64/2 128/2
Tigecycline 2 8
Trimethoprim- 2/38 4/72
Sulphamethoxazole

Source: CLSI, 2015
Data management and analysis

All data collected from the questionnaire survey and laboratory analysis were
entered into the Microsoft-Excel spreadsheet. Descriptive statistics were used
to summarize the data. STATA version 14.0 software (Stata Corp. College Sta-
tion, USA) was used to analyze the data. The association between the preva-
lence of E. coli infection in dogs and potential risk factors was first analyzed
using a Chi-square test followed by univariable and multivariable logistic
regression analyses.The association of the explanatory variables was first
tested using univariable logistic regression. Non-collinear variables with P-
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value<0.25 in univariable analyses were entered into a multivariable logistic
regression model. The interaction of variables that remained in the full model
was carried out. A likelihood ratio test with a P-value of less than 0.05 sug-
gested an interaction between the two variables being tested and was retained
in the final model. In all the analyses P-value of less than 0.05 was considered
significant.

Results

Prevalence

A total of 106 of 438 (24.2%, 95% confidence interval [CI]: 20.26-28.49%) dogs
tested positive for E. coli. The Chi-square test showed that there was a signifi-
cant difference in prevalence among the study towns (P<0.05) (Table 2, 3).

Table 2. Prevalence of E. coli in dogs of Ambo, Bako, and Gojo towns of West
Shewa Zone, Oromia, Ethiopia

Study No. of samples No. positive Prevalence 95% CI
area/ tested (%)

towns

Ambo 238 44 18.49 13.77-24.01
Bako 129 40 31.01 23.16-39.75
Gojo 71 22 30.99 20.54-43.08
Total 438 106 24.20 20.26-28.49

Significant association of towns and E. coli prevalence in dogs (x*=1.38, p-value = 0.01); No. = number, CI =
confidence interval.

Risk Factors

Univariable logistic regression analysis revealed a significant association be-
tween the E. coli prevalence and district towns. The odds of the E. coli preva-
lence from Bako town was 1.98 (95% CI: 1.21-3.26, P =0.007) times higher than
for dogs at the Ambo town. Similarly, the odds of the E. coli prevalence from
the Gojo town was 1.98 (95% CI: 1.09 - 3.61, P=0.026) times higher than that
of Ambo town. There was a significant difference in the prevalence of E. coli
among sampled Kebeles. Univariable logistic regression revealed that the odds
of E. coli infection in Kebele 03 of Ambo town was 38.77 (95% CI: 5.11-294.10:
P<0.001) times higher than that of Ambo 01 Kebele. The univariable analy-
sis also showed that there was no significant association (P>0.05) between E.
coli prevalence and age, sex, breed, presence of other domestic animals in the
home, education of the owner, the gender of the owner and visiting veterinary
clinics (Table 3).
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Table 3. Results of univariable logistic regression analyses of E. coli carriage and its
association with the putative risk factors in dogs of Ambo, Bako, and Gojo towns

Variables Categories No. No. positive OR (95% CI) p-value
tested (%)

Districts/ towns Ambo 238 44 (18.49) 1.00

Bako 129 40 (31.01) 1.98 (1.09-3.61) 0.026

Gojo 71 22 (30.99) 1.98 (1.21-3.26) 0.007
Kebeles Ambo 01 73 1(1.87) 1.00

Ambo 02 85 15 (17.65) 15.43 (1.98-119.94) 0.009

Ambo 03 80 28 (35.00) 38.77 (5.11-294.10) <0.001

Bako 01 63 15 (23.81) 22.50 (2.88-175.99) 0.003

Bako 02 66 25 (37.88) 43,90 (5.74-336.03) <0.001

Gojo 71 22 (30.99) 32.33 (4.22-247.77) 0.001
Sex Female 103 23 (22.33) 1.00

Male 335 83 (24.78) 1.15 (0.68-1.94) 0.612
Age Adult 269 57 (21.19) 1.00

Juvenile 49 15 (30.61) 1.64 (0.84-3.22) 0.15

Adolescent 76 21 (27.63) 1.42 (0.79-2.54) 0.237

Geriatric 44 13 (29.55) 1.56 (0.77-3.17) 0.220
Breed Exotic & cross 77 16 (20.78) 1.00

Local 361 90 (24.93) 1.27 (0.69- 2.31) 0.44
Feeding HH leftover 82 18 (21.95) 1.00

Raw AP 96 25 (26.04) 1.25 (0.63 -2.51) 0.525

Mixed 203 50 (24.63) 1.16 (0.63- 2.14) 0.631

Cooked AP 57 13 (22.81) 1.05 (0.47- 2.36) 0.905
Housing Indoor 93 21 (22.58) 1.00

Outdoor 159 38 (23.90) 1.08 (0.59- 1.98) 0.811

Mixed 186 47 (25.27) 1.16 (0.64- 2.09) 0.622
Visiting Vet. clinic No 385 95 (24.68) 1.00

Yes 53 11 (20.75) 0.80 (0.40-1.62) 0.533
Presence of other DA Yes 184 41 (22.28) 1.00

No 254 65 (25.59) 1.20 (0.77- 1.88) 0.425
Educ. of the owner Tertiary 145 31 (21.38) 1.00

Illiterate 78 23 (29.49) 1.54 (0.82- 2.88) 0.179

Primary 105 27 (25.71) 1.27 (0.71- 2.30) 0.423

Secondary 110 25 (22.73) 1.08 (.60-1.96) 0.797
Gender of the owner Female 129 25 (19.38) 1.00

Male 309 81 (26.21) 1.48 (0.89-2.45) 0.129

CI= Confidence Interval OR= Odds Ratio, Educ. = Education, Vet. = Veterinary, AP=animal products,
HH=household, DA=domestic animals
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All risk factors are non-collinear (r<0.6) except Gote and Kebele which are col-
linear with each other (r=0.756). The variable “Kebele” was selected for further
multivariable logistic regression analysis (Table 4).

Table 4. Multivariable logistic regression of E. coli carriage and potential to risk
factors

Variables Categories OR (95% CI) P-value
Districts/Towns Ambo 1.00
Bako 31.09 (4.04-239.18) 0.001
Gojo 43.45 (5.64-334.70) <0.001
Kebeles Ambo 01 1.00
Ambo 02 15.16 (1.95-118.08) 0.009
Bako 01 0.51 (0.24-1.10) 0.087
Gojo
Ambo 03 38.08 (5.01-289.68) <0.001
Age Adult 1.00
Adolescent 1.54(0.83-2.85) 0.173
Geriatric 1.11(0.53-2.31) 0.781
Juvenile 1.51(0.74-3.07) 0.256
Gender of the owner Female 1.00
Male 1.41(0.83-2.40) 0.205

Antimicrobial susceptibility

Due to a financial limitation, out of 106 E. coli isolates obtained from this
study, 43 isolates were selected using a simple random sampling technique
and subjected to antimicrobial susceptibility test using the phoenix machine.
Overall, 76.7% (33/43), 6.98% (3/43), 2.33% (1/43), and 14.0% (6/43) of the iso-
lates were pan-susceptible, resistant to one class of antimicrobial, two class of
antimicrobial and > 3 classes of antimicrobials (multidrug-resistant (MDR)),
respectively. The tested isolates were 100% susceptible to 12 antimicrobials;
viz. amikacin, netilmicin, ampicillin, piperacillin-tazobactam, piperacillin,
cefoxitin, ciprofloxacin, levofloxacin, colistin, ertapenem, meropenem, and imi-
penem. The most common resistance phenotypes were recorded for cefazolin
(22.73%), aztreonam (13.95%), ceftriaxone (13.95%), gentamicin (11.90%), and
trimethoprim-sulfamethoxazole (6.97%) (Table 5).
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Table 5. Results of antimicrobial susceptibility testing of 43 E. coli isolates from dogs

of Ambo, Bako, and Gojo towns of West Shewa Zone, Oromia, Ethiopia.

Antimicrobial Name of Antimicrobials MIC or No. Res. No.Int. No. Sus.
Class Conc. (%) (%) (%)
Amikacin <=4 0 (0.0) 0(0.0) 43 (100)
Aminoglycosides Gentamicin <=1 5(11.90) 0(0.0) 37(88.10)
Netilmicin (n=19) <=1 0 (0.0) 0 (0.0) 19 (100)
Amoxicillin-Clavulanate(f) (n=20) 4/2 1(5.0) 2(10.0) 17(80.0)
Ampicillin (n=19) <=2 0 (0.0) 0 (0.0) 19 (100)
Ampicil-Sulbactam <=4/2 1(2.44) 6(14.63) 34(82.93)
Beta-lactam Aztreonam <=1 6(13.95) 0(0.0) 37(86.04)
Piperacillin-Tazobactam <=4/4 0 (0.0) 0 (0.0) 43 (100)
Ticarcillin-(n=17) 32/2 0(0.0) 5(29.41) 12(70.59)
Piperacillin (n=18) <=4 0(0.0) 0(0.0) 18 (100)
Cefazolin (n=22) <=2 5(22.73) 0(0.0)  17(77.27)
Cefepime <=1 0(0.0) 6(13.95) 37(86.04)
Cefoperazole-sulbactam(n=9) <=0.5/8 0(0.0) 6(66.67) 3(33.3)
Cephalosporins Cefoxitin(n=22) <=4 0(0.0) 0(0.0) 22 (100)
Ceftrazidime <=0.5 0(0.0) 2(4.65)  41(95.34)
Ceftriaxone <=0.5 6(13.95) 0(0.0) 37(86.04)
Cefuroxime(n=21) <=2 1(4.76) 0(0.0) 20 (95.24)
Ciprofloxacin(n=42) <=0.125 0(0.0) 0(0.0) 42(100.0)
Quinolone
Levofloxacin(n=34) <=1 0(0.0) 0(0.0) 34(100.0)
Polymyxin Colistin (n=9) <=1 0(0.0) 0(0.0) 9 (100)
Ertapenem <=0.25 0(0.0) 0(0.0) 43 (100)
Carbapenem
Meropenem <=0.125 0(0.0) 0(0.0) 43 (100)
Carbapenams Imipenem <=0.25 0(0.0) 0(0.0) 43 (100)
Glycyleyclines Tigecycline <=0.5 0(0.0) 2(4.65)  41(95.34)
FPI Trimethoprim-Sulamethoxazole <=1/19 3(6.97) 0(0.0) 40(93.02)

FPI=folate pathway inhibitor

Among the antimicrobials used, multidrug-resistant (resistant to three or
more antibiotics) was observed against amoxicillin-clavulanate (f), ampicillin-
sulbactam, aztreonam, cefazolin, cefepime, ceftriaxone, gentamicin, ticarcil-
lin-clavulanate, ticarcillin-clavulanate, tigecycline, and trimethoprim-sulfa-
methoxazole. Multidrug resistance (MDR) was observed in 6 E. coli isolates
(14.0%, 6/43). The maximum number of antimicrobials class to which an iso-
late demonstrated resistance was 5 (Table 6).
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Table 6: Drug-resistant pattern of E. coli isolates from dogs in Ambo, Bako and Gojo

towns of West Shewa Zone

Antimicrobials Number of isolates (%)
AMC, AM 1(2.33)
CLN, TIG 1(2.33)
ATM, CRO, GM 3(6.98)
ATM, CZ, CRO, GM 1(2.33)
ATM, CXM, CRO, SXT 1(2.33)
ATM, CZ, CRO, GM, SXT 1(2.33)
Total 8 (18.6%)

AMC: Amoxicillin-Clavulanate AM: Ampicillin CLN: Colistin TIG: Tigecycline CZ: Cefazolin ATM: Aztreonam
CRO: Ceftriaxone CMX: Cefuroxime GM: Gentamicin SXT: Trimetho-Sulphamethoxazole.

Antimicrobial resistance did not show a statistically significant association
with towns (P>0.05). But, antimicrobial resistance in Ambo was higher 23.81%
(5/21) when compared with Bako (21.43%) and Gojo (12.5%) towns (Fig.1).
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Fig 1. Distribution of antimicrobial resistant E. coli in the study towns
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Discussion

Although most dogs carry commensal bacteria in their gut, E. coli is one of the
most common opportunistic pathogens causing enteritis or diarrhea in addi-
tion to extra-intestinal infections in animals and human (Beutin, 1999). Be-
sides this, dogs harboring E. coli could serve as a reservoir of antimicrobial
resistance determinants (Johnson and Russo, 2002). Antimicrobial resistance
is a well-known global challenge in the management of bacterial infections. In
the current study, a 24.2% E. coli isolation rate was obtained from rectal swab
samples of apparently healthy dogs. To the best of the authors’ knowledge, this
is the first study on prevalence, risk factors, and antibiogram of E. coli isolates
from dogs in Ethiopia. This finding was comparable with the 21% isolation
rate of hemolytic E. coli from the feces of healthy bitches in Australia (Chen
et al., 2003). The present finding was higher than the finding of Beutin et al.,
(1993) who reported a 4.8% isolation rate from healthy dogs but lower than
the reports of previous studies (Hammermueller et al., 1995; Beutin, 1999;
Salvadori et al., 2003) who detected approximately 59-61% isolation of E. coli
from dogs with diarrhea. The present result is also lower than 37.14% E. coli
isolation from dogs in Alexandria (Younis et al., 2015). The difference in the
prevalence of E. coli among studies might be due to the difference in the season
of the study (Rowland, 1986), age, immune status, stage of infection, number
of samples analyzed (Shaheen et al., 2011; Yunis et al., 2015), sampling tech-
niques, and health status of dogs sampled (sick/hospitalized dogs vs healthy).
The other reason for the difference in prevalence among studies might be due
to the volume of fecal samples collected (rectal swab vs. large volume of feces).
The use of rectal swabs in the present study might have underestimated the
prevalence of E. coli infection in dogs due to the small volume of feces used for
analysis. The health status of the sampled dogs could be also another source
of variation among the reports in that a higher prevalence is more likely from
diarrheic dogs than apparently healthy dogs. Although cases of diarrheic dogs
were not registered and quantified during the current study, it is known that
E. coli infected dogs with diarrhea defecate frequently and uncontrollably, con-
taminate the environment, and spread the bacteria more than non-diarrheic
dogs (Hammermueler et al., 1995; Torkan et al., 2016).

The significantly high prevalence of E. coli in dogs of Bako and Gojo towns
might be related to the relatively lower hygiene of dogs, and inadequate sani-
tation of dogs’ feeds, and dog environment. Although indoor dogs are expected
to be at lower risk of E. coli infection than outdoor dogs, in our study no signifi-
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cant difference was observed. Perhaps, due to the raw animal product feeding
as well as the poor hygienic status of homemade diets of indoor dogs similar to
that of outdoor dogs. Outdoor dogs feed on contaminated feeds such as leftover
feed, dead poultry, and other animals, which might serve as vehicles for E. coli
transmission to dogs.

In the present study, several potential risk factors for the carriage of E. coli in
the household of dogs in Ambo, Gojo, and Bako towns of West Shewa Zone were
investigated. Among these risk factors, multivariable logistic regression analy-
sis revealed that study sites (towns) and Kebeles were important predictors of
E. coli infection in dogs. The reason behind the high prevalence in Gojo and
Bako towns as compared to Ambo town is not well known. However, it might
be due to the poor sanitary practices in the households and its surroundings,
and inadequate sanitary facilities for people. Because animal feces are plenti-
ful source of E.coli infection (Bach et al., 2002), high in dog (Gebremedhin et
al., unpublished) and other livestock populations in the towns of Bako and
Gojo compared to Ambo may have contributed to the high E. coli prevalence.
Michel et al. (1999) also pointed out that living in an agricultural area where
cattle are raised could be a significant risk factor for the acquisition of E. coli.
Moreover, the cool and humid climatic condition of Gojo town is suitable for
prolonged survival and infectivity of the bacteria. The significant difference
in the prevalence of E. coli infection between Kebeles of the study area might
be because of the variation in the number of butcher shops, restaurants and
cafeterias providing E. coli contaminated leftover foods to dogs coupled with
variation in sanitary practices including the location of the slaughterhouse
that might directly or indirectly influence across Kebeles.

Antimicrobial resistance in bacteria is a phenomenon that has been in con-
stant evolution since the introduction of antimicrobial drugs. Several factors
are known to promote bacterial resistance including failure of a treatment
regimen, prophylactic use of antimicrobials, and the use of antimicrobials as
growth promoters as well as using antimicrobials commonly used in humans’
practice (DACA, 2009). Antimicrobial resistance has been suggested as one
important therapeutic problem in veterinary and human medicine (DACA,
2009). In this study, antimicrobial resistance of E. coli isolated from appar-
ently healthy dogs was investigated against 25 antimicrobial drugs using the
MIC technique. Overall, moderately low antimicrobial resistance was found
(20.93%). The antimicrobial susceptibility of E. coli isolates to multiple anti-
microbials was also detected. The E. coli isolates were pan-susceptible to er-
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tapenem, imipenem, piperacillin-tazobactam, amikacin, netilmicin, ampicillin,
cefoxitin, ciprofloxacin, levofloxacin, colistin, and meropenem. This might be
due to the less availability and utilization of these drugs in the country and
study area. Susceptibility of E. coli isolates to ciprofloxacin, ceftazidime, az-
treonam, cefepime, ceftriaxone and gentamicin could also be attributed to their
inadequate utilization in canine clinical practice in Ethiopia. The lower level
of antimicrobial resistance observed against aztreonam, ceftriaxone, (13.95%
each), cefazolin (22.73%), gentamicin (11.90% each) and trimethoprim-sulpha-
methoxazole (6.97%) in the present study is in line with the 79% antimicrobial
susceptible E. coli isolates reported previously (Windahl et al., 2014). Unlike
the present study, increased detection of pathogenic and non-pathogenic E. coli
that are resistant to antimicrobial drugs have been previously reported (Ham-
mermueler et al., 1995; Ewers et al., 2012).

The present findings are also in line with the study conducted by Wedley
(2017) who reported the pan-susceptibility to piperacillin-tazobactam and high
susceptibility to aztreonam. Dogs are generally the close companions of their
human caretakers thereby providing opportunities for the exchange of antimi-
crobial-resistant bacteria. The MDR in the current study (14.0%) is not greatly
different from previous reports such as 15.3% (Wedley, 2017) and 15% (Wedley
et al., 2011) MDR in healthy dogs in the UK. Relatively high prevalence of
MDR E. coli in sick dogs (29%) have been reported in the U.S.A (Shaheem et
al., 2010). A lower level of MDR E. coli (11%) has also been reported in healthy
dogs of the U.S.A (Davis et al., 2011). This variation in the level of antimicro-
bial resistance could probably be attributed to the expression of resistant gene
coded by the pathogen, which is associated with the emerging and re-emerging
aspects of the isolates in different agro-ecology (Reubaen and Owuna, 2013).
Differences in the prevalence of resistance observed might also be due to differ-
ences in the interpretation of the zone sizes, MICs observed, or differences in
how intermediate measurements were classified (Wedley et al., 2017).

Low level or absence of individual antimicrobial resistance in E. coli isolates
in the present study might be an indication of the low level or absence of anti-
microbial drug usage in dogs in the study areas for prophylaxis or treatment
purpose. This observed a lower level of resistance to some antimicrobial drugs
might also be due to acquiring either from contaminated feed and improperly
managed leftover household human foods containing AMR E coli, which were
normally given to dogs. Feeding of dogs with animal products containing high
levels of antimicrobial residues may contribute to the emergence of antimicro-
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bial resistance in bacteria recovered from dogs (Prescott et al., 2002). Thus, it
is fundamental that veterinarians’ guide dog owners towards the use of treat-
ment regimens for sick dogs and the establishment of long-term preventive
programs against infectious diseases such as diseases caused by E. coli.

The emergence of antimicrobial resistance or MDR (14.0%) E. coli in household
dogs, though at a lower level, is of public health and economic importance in
that it indicates the potential of the spread of AMR E. coli from dogs to humans
and other animals. Therefore, attention should be given to the management
of dogs, and the provision of safe feed and water, which might contain anti-
microbial residues contributing to the source of the resistance. According to
the reports of DACA (2009), antimicrobial resistance has been incriminated
with higher mortality and morbidity, increased costs of treatment, and loss of
productivity.

The limitations of this study is that data on dog hygiene and environmen-
tal hygiene was not captured during questionnaire survey. Besides, molecular
studies aimed at determining virulence genes and pathotypes of E. coli was not
done to determine the pathogenicity of E coli isolates in the current study due
to the limitation of resources and facilities. Nevertheless, isolation of E. coli is
of great public health concern because there is close contact between dogs and
humans and poor awareness and hygiene are common, as some isolates might
be of zoonotic risk for humans coupled with the potential transfer of MDR
genes. Although we couldn’t prove the pathogenicity of the E. coli isolates,
it could be hypothesized that dogs in the current study aeas were exposed
to potentially pathogenic E. coli from the contaminated environment such as
drinking contaminated water and feeding on dead animals, animal products
and garbage.

Conclusions

The overall prevalence (24.2%) of E. coli infection dogs in the study area is
moderately high. Study towns and study Kebeles are the important predictors
of E. coli infection in the study area. Most of the E. coli isolates from dogs are
susceptible to many of the drugs used in both human and veterinary medicine.
However, some of the isolates have developed multidrug resistance and might
be a potential source of the spread of antimicrobial-resistant E. coli from dogs
to humans and other animals. Further, large-scale epidemiological studies in-
cluding the contribution of dogs in the transmission to humans, serotyping
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and virulence gene detection of E. coli, frequent monitoring of antimicrobial
drug resistance and responsible dog ownership, and improved hygienic man-
agement of dogs are recommended.
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