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ABSTRACT

Escherichia coli of different pathotypes are frequently involved in morbidity and mortality in animals and
humans. The study aimed to identify E. coli pathotypes and determine antimicrobial resistance (AMR)
profiles in Ethiopian smallholder livestock households. The pathotyping included 198 E. coli isolates iden-
tified from human and environmental samples collected from 98 households. AMR profiling was con-
ducted on selected E. coli pathotypes from 89 households, along with known isolates from calf samples
obtained from the same households. Morphological and biochemical tests were used to identify presump-
tive E. coli isolates. DNA was extracted and then singleplex PCR was used to amplify virulence genes. A
disc diffusion test was applied for AMR profilings in E. coli pathotypes. Data were evaluated using chi-
square tests and logistic regression. Calf (79.8 %) and human (73.7 %) samples were more likely to contain
pathotypes (OR 3.2; 95 % CI: 1.7, 5.9; p = 0.001 and OR 2.3; 95 % CI: 1.2, 4.1; p = 0.008, respectively) than
the environmental samples (55.6 %). ETEC (32.3 %) and STEC (15.2 %) were the most common pathotypes
detected in the study samples. Out of the 176 isolates selected for AMR profiling, 85 % were resistant to
at least one drug and 36 % were multi-drug resistant (MDR). The MDR isolates were found in 44 house-
holds, with 11 sharing identical pathotypes and resistance profiles among the different samples. Thus, E.
coli strains were likely circulated among humans, animals, and the environment. This in turn calls for a
One-health approach to improve antimicrobial usage standards and promote proper waste disposal prac-

tices.
© 2024 The Author(s). Published by Elsevier Ltd on behalf of International Society for Antimicrobial
Chemotherapy. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)

1. Introduction

Organization (WHO) one-third of the populations in low-income
countries suffered from foodborne diseases [2]. Enteropathogenic

It has been estimated that 60 % emerging infectious diseases
in humans originate from animals and over 36 % of these emerg-
ing zoonotic diseases are associated with food producing animals
[1]. Escherichia coli is known to cause mild to severe gastrointesti-
nal tract infections (GITIs) in animals and humans. Most GITIs are
foodborne caused by contaminated food or water. Health prob-
lems associated with a lack of access to safe food and water are
more common in low-income countries. According to World Health
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E. coli (EPEC) and enterotoxigenic E. coli (ETEC) accounted for 37,
000 and 26,000 deaths annually [2] . In addition, newborn calves
are known to be affected by diarrheal diseases caused by bacte-
ria. Although they are not always the only causative agents, E. coli
pathotypes are commonly found in diarrheal calves [3-5].

The E. coli strains known to affect humans and animals are
classified into distinct pathotype groups according to their spe-
cific virulence gene profiles [6]. For instance, enterotoxigenic E. coli
(ETEC) produces heat-labile (It) and heat-stable (st) toxins, while
enteropathogenic E. coli (EPEC) is characterized by bundle-forming
pilus (bfp) and locus of enterocyte effacement (LEE). Enterohemor-
rhagic E. coli (EHEC) produces shiga toxin 1 (stx1), shiga toxin 2
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(stx2), and hemolysin (hly), whereas some shiga toxin-producing E.
coli (STEC) strains also fall within this category but typically lack
the hly virulence gene. Enteroaggregative E. coli (EAEC) possesses
aggregative adherence fimbriae (aatA) and dispersin, and diffusely
adherent E. coli (DAEC) is characterized by Afa/Dr virulence genes.
The type and severity of diseases associated with these E. coli
pathotypes depend on the specific virulence genes they possess
[6].

Antibiotics are extensively used in treating and preventing bac-
terial infections in animals and humans [7-9]. In addition, in some
settings farmers use antimicrobials as an additive in animal feed to
improve the growth of their animals [10,11]. The worldwide con-
sumption of antimicrobials in the livestock sector in 2010 was es-
timated to 63,151 tonnes and by 2030, it has been predicted to
rise by 67 percent [11]. Bacteria that are resistant to all available
antibiotics have increased because of the extensive use and misuse
of antimicrobials in humans and animals [12].

Antibiotic-resistant E. coli strains have been found in calf [13],
human [14] and environmental [15] samples. In Ethiopia, one study
found that fecal E. coli isolated from calves were resistant to tetra-
cycline (58 %) and polymixin B (21 %) [16], and in another study
100 % of the isolates from meat samples were resistant to ampi-
cillin, penicillin, and erythromycin [17]. In a study from Switzer-
land, fecal E. coli isolates from veal calves demonstrated tetracy-
cline (56 %), and sulfonamide (56 %) resistance [10]. About 41 % of
E.coli isolates from soil samples collected from 14 dairy farms in
the USA were multi-drug resistant [18].

Resistant bacterial strains in animals and the environment may
pose significant health threats [18]. In Africa, many of the antimi-
crobials currently in use are not effective against bacterial infec-
tions that threaten animal and human health [19,20]. Globally, it
has been predicted that by 2050, up to 10 million people will
die annually due to infections caused by drug-resistant bacteria
[21,22].

Although E. coli of various pathotypes are frequently associated
with diarrheal illness in humans and calves, comprehensive patho-
typing and antibiotic resistance profiling data are rarely available
from the very same household. Data from humans and livestock
from the same household are of great interest to assess the risk
of bacterial transmission between species. Applying a One-health
approach, this study aimed to describe the occurrence of E. coli of
different pathotypes and determine their AMR profiles, in house-
holds involving diarrheal calves, humans and environmental sam-
ples in Central Ethiopia. The study also aimed to assess risk factors
for human exposure to E. coli infections in households.

2. Materials and methods
2.1. Study area

The study was conducted in ten subdistricts including nine
from Basona Werana District and one from Angolela Tera District,
Amhara Region, in Central Ethiopia (Fig. 1). Basona Werana, the
main sampling district, has a population size of 120,930 people in
27,686 households [23]. The district contains 22 subdistricts and
practices mixed crop-livestock production, with cattle being the
most common livestock species.

2.2. Sample collection, E. coli isolation and pathotype identification

Sample collection, isolation, pathotype identification, and selec-
tion for AMR profiling are summarized in Table 1 and in the (Sup-
plementary material, Figs. 1, 2, and 3). Study samples were ob-
tained from smallholder households with calf diarrheal cases. The
study samples comprised; fecal from diarrheal calves, soil from ar-
eas close to where the calves were housed, and stool from humans

60

Journal of Global Antimicrobial Resistance 41 (2025) 59-67

of diverse age and gender who had direct contact with the diar-
rheal calves. Samples were collected concurrently during a single
visit to each household.The calf samples have been described pre-
viously, and pathotyping in the human and environmental samples
were conducted as described in the previous study [24]. In brief,
about 5 gs of human stool and 5 gs of environmental soil samples
were collected from each household with diarrheal calves. Within
24 h of collection, samples were placed in a phosphate-buffered
saline solution and transported to the laboratory in an icebox. Pre-
sumptive E. coli isolates were obtained by enriching the collected
samples in tryptic soy broth and subsequently culturing them on
eosin-methylene blue agar (EMB) medium. These isolates then un-
derwent subsequent morphological and biochemical characteriza-
tions. Confirmed E. coli isolates were then subjected to DNA ex-
traction. Finally, single-plex PCR was run to amplify ten virulence
genes corresponding to different E. coli pathotypes. After the viru-
lence genes (shown in italics) were detected, E. coli isolates were
identified as EPEC (bfp, eae), STEC (stx1, stx1-stx2, stx2,), ETEC (lt,
It-st, st), EAEC (aatA), DAEC (daaE), and EHEC (stx1-stx2-hly) patho-
type.

2.3. Antimicrobial resistance (AMR) profiling

Due to resource constraints, only selected isolates was sub-
jected to AMR profiling. In total, 176 E. coli isolates from 89 house-
holds were selected. These included 104 isolates from humans
(n = 63) and the environment (n = 41) and additionally 72 iso-
lates from calves, as described in our previous study [24]. For AMR
profiling, three to four E. coli colonies of each isolate grown on an
EMB agar medium were suspended in a standard sodium saline so-
lution. The inoculum turbidity was adjusted to 0.5 McFarland stan-
dards, which was equivalent to 1.5 x 108 CFU/ml [25]. Six antibi-
otics commonly used in the study districts were included in the
disc diffusion assay, following the protocols of the Clinical Labo-
ratory Standards Institute (CLSI) [26]. The included antibiotic discs
contained gentamicin (10 pg), tetracycline (30 pg), chlorampheni-
col (30 pg), ampicillin (10 pg), ciprofloxacin (5 pg), and trimetho-
prim (5 pg). The discs (Oxoid, UK) were placed on Mueller-Hinton
agar plates (Mumbai, India) that had been uniformly seeded with
pre-made inoculums. The inoculated plates were then incubated
for 24 h at 37 °C. Bacterial growth inhibition zones were measured
and recorded. The reference E. coli strain ATCC 25,922 was used
as a control [27]. Data from AMR profiles were utilized to cate-
gorize isolates as susceptible (S), intermediately resistant (IR), and
resistant (R) based on the comparisons between inhibition zones
and the CLSI cut-off points (Table 2). Additionally, isolates that ex-
hibited resistance to at least one substance from three or more
antimicrobial classes were classified as multi-drug resistant, MDR
[28].

2.4. Household data collection

Concurrently with the collection of stool samples from partici-
pants, data on risk factors for exposure to pathogenic E. coli were
also collected. Participants who had direct contact with diarrheal
calves were interviewed about potential risks using a structured
and pre-tested questionnaire (Supplementary material; Question-
naire). The assessed risk factors included age, gender, educational
level, awareness of disease transmission between animals and hu-
mans, and observational assessment of personal and environmen-
tal hygiene standards. For hygiene-related data, a four-point scale,
ranging from very poor to very good was employed. The ques-
tionnaire, initially prepared in English, was subsequently translated
into the local language, "Ambharic," and utilized in a face-to-face in-
terview format.
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Fig. 1. The study area, located in the top right map, includes ten sampling subdistricts in the two districts. Escherichia coli isolates were obtained from calf, environmental
and human samples collected in the HHs within these subdistricts.

Table 1

The number of studied households (HHs), calf fecal samples (CS), environmental soil samples (ES) and human stool samples (HS) from farms in central Ethiopia,
including count of detected pathotypes and selected pathotypes for antimicrobial resistance testing are shown. Data from calf samples were sourced from a previous
study [24].

No. of No. of samples No. of E. coli isolates
Procedures HHs Remark
(& ES HS (& ES HS

Sample collection 98 100 100 100 - - - > 3 samples/HH

E. coli enrichment 98 100 100 100 300 300 300 3 isolates/sample

Biochemical 98 99 99 99 281 281 281 Presumptive E. coli obtained

characterizations

E. coli pathotyping (PCR) 98 79 55 73 160 73 109 E. coli pathotypes found

AMR profile test 89 72 41 63 72 41 63 Isolates selected for AMR
testing

Table 2

List of antimicrobial discs with respective concentrations and cut-off points, as recommended by the Clinical Laboratory Stan-
dard Institute [26].

CLSI inhibition zone (mm)

Substance Class Code Concentration

R < IR S >
Ampicillin Penicillins AMP 10 pg 13 14-16 17
Chloramphenicol Phenicols CPH 30 pg 12 13-17 18
Ciprofloxacin Fluoroquinolones CIP 5ng 15 16-20 21
Gentamicin Aminoglycosides GEN 10 pg 12 13-14 15
Tetracycline Tetracyclines TET 30 pg 11 12-14 15
Trimethoprim FPI TMP 25 ng 10 11-15 16

R, resistant; IR, intermediately resistant; S, susceptible; FPI, folate pathway inhibitors.
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Ethiopia (n = 176). CS, Calf Sample; ES, Environmental Sample and HS, Human Sample; AMP, Ampicillin; CIP, Ciprofloxacin; CPH, Chloramphenicol; GEN, Gentamicin;
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Fig. 3. AMR profiles of the 176 E. coli isolates obtained from calf, environmental, and human samples in central Ethiopia. The bar graphs show how resistance, intermediately
resistance, and susceptibility to different antimicrobial substances vary across sample sources. The overall category provides a complete summary of AMR profiles from all
sample sources. AMP, Ampicillin; CIP, Ciprofloxacin; CPH, Chloramphenicol; GEN, Gentamicin; TET, Tetracycline and TMP, Trimethoprim.

2.5. Data analysis

Microsoft Excel was used to record, code, and compile gener-
ated data from the identification of E. coli pathotypes and AMR
profiles. A "Yes" or "No" response was used to indicate the pres-
ence and absence of virulence genes and pathotypes. AMR suscep-
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tibility was identified as "resistant”, "intermediately resistant” and
"susceptible”. Several R scripts, including crosstable [29] gmod-
els [30] and ggplot2 [31] were used for descriptive statistics, lo-
gistic regression and plotting graphs, respectively. The prevalence
of pathotypes and AMR profiles were reported using descriptive
statistics and logistic regression. In the logistic regression analy-
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The proportion of E. coli pathotypes and associated virulence genes in the environmental and human samples obtained in a

study in central Ethiopia (n = 198).

No. of samples Overall
Virulence ES s N = 198
Pathotype gene(s) N — 99 N = 99
n % n % N %
EAEC aatA 2 2 4 4 6 3
EHEC stx1-stx2-hly 1 1 - - 1 0.5
EPEC eae 1 1 3 3 4 2
ETEC It-st - - 1 1 1 0.5
st 26 26.3 37 374 63 31.8
STEC stx1 4 4 5 5.1 9 4.6
stx1-stx2 1 1 6 6.1 7 3.5
stx2 10 10.1 4 4 14 7.1
EAEC/ETEC aatA - st 2 2 3 3 5 2.5
EAEC/STEC aatA-stx2 1 1 3 3 4 2
EPEC/STEC eae-stx2 1 1 - - 1 0.5
STEC/ETEC stx1-st 1 1 1 1 2 1
stx1-stx2-st - - 1 1 1 0.5
stx2-st 5 5.1 5 5.1 10 5.1
Total 55 55.6 73 73.7 128 64.6

N, number of samples; n (%), number and percentages of samples with pathotypes; ES, environmental sample; HS, human
sample; EAEC, enteroaggregative E. coli; EPEC, enteropathogenic E. col; ETEC, enterotoxigenic E. coli; STEC, shigatoxigenic E.
coli; aatA, aggregative adherence; eae, intimin; It, heat liable toxin; heat st, stable toxin; stx1/2, shigatoxin 1/2.

sis, data on pathotyping of isolates from calves reported elsewhere
were used for comparison [24]. The chi-square (x2) test and lo-
gistic regression analysis were used to examine AMR profile vari-
ations among the different sample types. A statistically significant
difference between the study groups was indicated by a p-value <
0.05.

2.6. Ethical clearance and consent for human participants

This study obtained ethical clearance (Approval Reference:
CNCSDO0/423/14/2022) from the Institutional Review Board Com-
mittee at the College of Natural and Computational Sciences,
Addis Ababa University, Ethiopia. Participants were fully in-
formed about the study’s objectives before data collection. Their
data were used exclusively for the study’s intended purposes,
with their explicit consent, ensuring well-informed and voluntary
participation.

3. Results
3.1. Isolation and detection of E. coli pathotypes

Presumptive E. coli isolates were identified in 198 of the 200
samples collected from the environment and humans on the 98
study farms (Table 1). PCR results indicated that 128 (64.6 %) of the
presumptive isolates harbored at least one virulence gene (Table 3).
The prevalence of virulence genes in human isolates was higher
(73.7 %) than in isolates from environmental samples (55.6 %).
The ETEC pathotype was the most prevalent, followed by the STEC
pathotype while the EAEC and EPEC pathotypes were less common.
In total, 23 samples (11.6 %) contained mixed pathotypes, defined
as having virulence genes from two or more distinct pathotypes.

The occurrence of E. coli pathotypes in samples from calves, en-
vironment, and humans is provided in Table 4. E. coli of the dif-
ferent pathotypes were found more frequently in samples from
calves and humans than in the environment (p < 0.01). Sam-
ples from calves (79.8 %) and humans (73.7 %) had a higher
likelihood of harboring pathotypes than environmental samples
(55.6 %). The odds ratios (OR) for calves and humans were 3.2
(95 % CI: 1.7, 5.9; p = 0.001), and 2.3 (95 % CI: 1.2, 4.1; p = 0.008),
respectively.
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3.2. Antimicrobial resistance profile

Of the 176 tested E. coli isolates, 41 % were from diarrheal
calves, 23 % were environmental soil samples, and 36 % were from
humans who had direct contact with the diarrheal calves (Table 1).
Figs. 2 and 3 show the detailed antimicrobial resistance profiles of
isolates across sample sources and tested antimicrobials. Ampicillin
(69 %) and gentamicin (64 %) resistance levels of calf isolates were
higher than those of human isolates (65 % and 52 %, respectively)
and environmental (63 % and 54 %, respectively) isolates for the
same antibiotics. In contrast, human isolates exhibited more resis-
tance to tetracycline (47.6 %) and trimethoprim (36.5 %) than calf
isolates (37.5 % and 26.4 %, respectively) and environmental iso-
lates (31.7 % and 29.3 %, respectively). Overall, the tested E. coli
isolates demonstrated high susceptibility to ciprofloxacin and chlo-
ramphenicol.

The overall antibiotic susceptibility profiles of E. coli isolates
were divided into two general categories: (i) resistant to at least
one drug (ODR; > 1 antibiotic) and (ii) resistant to antibiotics from
at least three different classes of antibiotics (MDR; > 3 antibiotics)
(Table 5). Most tested isolates (85 %) were found to be ODR and
about 37 % were MDR. There was no significant association be-
tween the sample origin and ODR or MDR. There was a significant
association between pathotypes and MDR (p = 0.009), with 80 %
of EAEC, 39 % of ETEC 37 (39 %) and 29 % of STEC being MDR while
no EPEC isolates were found to be MDR. Within the resistant iso-
lates, 48 % exhibited resistance to only one or two antimicrobials.
Among the MDR isolates, 19.3 %, 13.7 %, and 4.5 % displayed resis-
tance to three, four, and five antimicrobial types, respectively. The
remaining 15.3 % isolates were either intermediately resistant or
susceptible to all classes of antimicrobials.

AMR occurrence among isolates with different virulence genes
(VGs) are shown in Fig. 4. All VGs were associated with ODR levels
of 50 % or more, whereas isolates with the aatA, st, and stx2 VGs
had higher MDR proportion (80, 38.5, and 39 %, respectively).

The AMR patterns of tested isolates are shown in Table 6.
Co-resistance occurrences were high among E. coli isolates with
AMP/GEN (17.6 %) being the most common. Only 15.3 % of isolates
showed no resistance to any antimicrobials tested and 19.9 % ex-
hibited resistance to only one drug. About 65 % of the isolates were
resistant to > 2 antimicrobials.
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Occurrence of E. coli pathotype and associated odds ratios from calf, environmental and human sample sources in central

Ethiopia (n = 297).

No. of tested Pathotype (%) 0Odds ratio
Sample source samples p -value? [95 % CIP] p-value®
Yes No
Environment 99 55.6 444 1.0 [Ref]
Calf 99 79.8 20.2 <0.001 3.2 [1.7,5.9] 0.001
Human 99 73.7 26.3 2.3 (1.2, 4.1] 0.008
Overall 297 69.7 30 - - -

p-value? (Chi-squared test).
CI® (Confidence Interval).

p- valuec for the logistic regression, and data from diarrheal calves were taken from a previous study [24].

Table 5

Proportions of E. coli isolates of different pathotypes resistant to at least one
drug (ODR, > 1 antibiotic) and multidrug-resistant (MDR, > 3 antibiotics) in calf
faeces samples (CS), environmental soil samples (ES) and human stool samples
(HS) in central Ethiopia (n = 176).

Number of Resistant isolates
Category isolates ODR (= 1 MDR (=3
antibiotic) antibiotics)
Overall 176 84.7 % 65 (36.9 %)
Sample

CS 72 89 % 40.3 %

ES 41 83 % 29 %

HS 63 81% 38 %
p-value? 0.416 0.492
Pathotype

EAEC 10 80 % 80 %

EPEC 3 67 % 0%

ETEC 98 88 % 388 %

STEC 65 82 % 29 %
p-value® 0.546 0.009

@ Pearson’s Chi-squared test;

b Fisher's exact test; CS, calf sample; ES, environmental sample and HS, hu-
man sample; EAEC, enteroaggregative E. coli; EPEC, enteropathogenic E. col;
ETEC, enterotoxigenic E. coli; STEC, shigatoxigenic E. coli; ODR, at least one drug
resistant and MDR, multiple-drug resistance.
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Fig. 4. The proportion of resistant E. coli isolates obtained from calves, their en-
vironment and in-contact humans in central Ethiopia containing different viru-
lence genes (VGs). AMP, Ampicillin; CIP, Ciprofloxacin; CPH, Chloramphenicol;
GEN, Gentamicin; TET, Tetracycline and TMP, Trimethoprim; ODR, at least one

drug resistant and MDR, multiple-drug resistance; aatA, aggregative adherence;
eae, intimin; It, heat liable toxin; st, heat stable toxin and stx1/2, shigatoxin 1/2.

Table 6
Phenotypic AMR patterns of E. coli isolates obtained from calves, environment and
humans in central Ethiopia (n = 176).

AMR pattern Antibiotic classes  Isolates % (n)

AMP Single class 5.7(10)
CIP 1.1(2)
CPH 0.6(1)
GEN 11.9(21)
TET 0.6(1)
Total 19.9(35)
AMP/CIP 0.6(1)
AMP/CPH Two classes 0.6 (1)
AMP/GEN 17.6(31)
AMP|TET 6.3(11)
AMP/TMP 0.6(1)
GEN/TET 1.7(3)
TET/TMP 0.6(1)
Total 27.8(49)
AMP/CPH/GEN Three Classes 1.1(2)
AMP/CPH/TET 1.1(2)
AMP/GEN/TET 4.5(8)
AMP/GEN/TMP 3.4(6)
AMP/TET/TMP 8(14)
GEN/TET/TMP 1.1(2)
Total 19.3(34)
AMP/CPH/TET/TMP 1.1(2)
AM/CIP/GEN/TET Four classes 0.6(1)
AMP/CIP/TET/TMP 0.6(1)
AMP/CIP/CPH/GEN 0.6(1)
AMP/GEN/TET/TMP 9.7(17)
CPH/GEN/TET/TMP 0.6(1)
Total 13.1(23)
AMP/CPH/GEN/TET/TMP 2.8(5)
AMP/CIP/GEN/TET/TMP Five classes 1.7(3)
Total 4.5(8)
Susceptible and Intermediately resistant  Six classes 15.3(27)
Overall 100(176)

AMP, Ampicillin; CIP, Ciprofloxacin; CPH, Chloramphenicol; GEN, Gentamicin; TET,
Tetracycline and TMP, Trimethoprim.

3.3. Pathotypes and their AMR profile on household level

Isolates of different pathotypes were found in 93 of the 98
households, and in 59 of these households, the same pathotypes
were detected in at least two different sample sources (Table 7).
Of the 89 households selected for AMR assessment, 83 had E. coli
pathotypes in their samples that showed resistance to at least one
of the tested drugs (ODR), and 44 of these households had samples
containing pathotypes that were resistant to at least three drugs
(MDR). In 18 households, the same resistance profiles and patho-
types were detected in at least two of the sample sources.

The study found no significant association between the iden-
tification of E. coli pathotypes and any of the studied risk fac-
tors (p > 0.05) (Supplementary material; Table 1). Humans with
lower educational levels were more likely to carry resistant patho-
types (91 % of illiterates and 76 % of those who read and write)
compared to 40 % in high school (p = 0.019). AMR was found
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Table 7
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Households with E. coli of the same pathotype and resistance profiles obtained from calves, envi-
ronment and human sample sources in central Ethiopia.

Characteristics Category Number of households
Detected (> 1 sample sources)  Shared?® (> 2 sample sources)
Pathotype All types 93 59
Mixed 50 6
Resistance ODR 83 18
MDR 44 11

“a”indicates that same pathotype (s) and resistance profile (s) were found in at least 2 or 3
of the sample sources within households; ODR,

MDR, Multiple-Drug Resistance (>3 drugs).

in 100 % of pathotypes isolated from young children aged 1-14,
people who handled manure and people with no awareness about
possible animal-human disease transmission.

4. Discussion

This study chracterised E. coli isolates in samples from diar-
rheal calves, in-contact humans, and the environment in the same
households by pathotyping and AMR profiling. Such studies are
critical for developing hands-on strategies to prevent infections
brought by drug-resistant bacteria in settings where livestock are
kept close to humans.

Overall, different pathotypes were identified in 64.6 % of the
198 samples, including samples from the environment (55.6 %),
and humans (73.7 %). Other studies with sampling from differ-
ent sources within the same household are rare, therefore, com-
parisons become difficult. Still the findings here are in agree-
ment with pathotype detection studies from diarrheal children in
Ethiopia, with 77 % positive samples [32], and in south Africa,
with 81 % positive samples [33]. The figures are, however, substan-
tially higher than the 22 % of samples with pathotypes reported
from drinking water in Jordan [34] and 27 % from various source
samples in India [35]. Yet other studies report intermediate lev-
els, where pathotypes were found at a rate of 35.4 % in Iranian
riding horses [36] and 36.4 % in Ethiopian diarrheal children [37].
These differences in prevalence of pathotypes likely reflect the dif-
ferences in the conditions at the study sites and in the health sta-
tus of the sampled humans and animals.

The likelihood of obtaining one of the E. coli pathotypes in the
samples from calves and humans compared to their soil environ-
ment was 3.2 and 2.3 times greater, respectively. This may be due
to several factors: (1) E. coli pathotypes are most likely adapted to
the intestines of warm-blooded animals where suitable nutrients
are available, (2) samples from calves were obtained from active
diarrheal cases, and (3) personnel involved in dairy herd manage-
ment may be repeatedly exposed to E. coli shed from their live-
stock. Multiple studies have shown that there is a higher proba-
bility of detecting pathogenic E. coli isolates from diarrheal calves
than from healthy calves [38,39]. Similarly, in a study in India, chil-
dren with acute diarrhea had a higher prevalence of EAEC (16 %)
compared to controls without diarrhea (2.7 %) [40]. Pathogenic
E. coli isolates are frequently reported from intestinal samples of
warm blooded animals, including humans [41] and cattle [42].

In this study, ETEC and STEC pathotypes were the most abun-
dant, at 32.3 % and 15.1 %, respectively. Some studies suggest that
different E. coli pathotypes have little host preference [42,43], and
in the present study ETEC and STEC predominated in all of the
samples. This may indicate that these pathotypes could be trans-
mitted and shared within the households, while EAEC and EPEC
pathotypes were less frequently detected. Nevertheless, a previous
study in Ethiopia revealed that EPEC was present in 6 % and 7 % of
samples from calves and diarrheal children, respectively [32].
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It has been suggested that differences in detection rates might
be due to the pathotypes’ overall competency, virulence, and their
interaction with their hosts and their environment. For instance,
EPEC is more common in children than in older people [44,45].
The overall low occurrence of EPEC and EAEC pathotypes in the
human samples may be attributed to the fact that the majority of
samples were obtained from humans well above 15 years old.

In this study, ampicillin resistance was the most preva-
lent(66.5 %), followed by gentamicin and tetracycline. This finding
is consistent with the high rates of ampicillin resistance reported
among E. coli isolates from swab and meat samples in Ethiopia
(88.9 %) [46], from neonatal calf diarrhea in Egypt(100 %) [47] and
from calves and pigs in Brazil (75 %) [48]. In a totally different set-
ting, a study conducted in sixty dairy farms in Sweden found that
ampicillin, streptomycin, sulfamethoxazole, and tetracycline resis-
tances were the most prevalent among E. coli isolates [49].

Most isolates investigated in the current study were suscepti-
ble to ciprofloxacin (77.8 %) and chloramphenicol (76.7 %). Other
studies in Ethiopoia have indicated that E. coli isolates from differ-
ent sample sources had comparable high ciprofloxacin [17,32,50]
and chloramphenicol [51] susceptibility. As ciprofloxacin has been
used for decades and ranked as the fourth most consumed an-
timicrobial by humans in Ethiopia [52], these low resistance rates
are surprising. The high susceptibility to chloramphenicol could
be due to its infrequent usage in Ethiopia. According to a three-
year (2017-2019) antimicrobial consumption surveillance, chloram-
phenicol did not rank among the top 20 antimicrobial substances
consumed by humans in Ethiopia [52]. Instead, the most consumed
antimicrobials include doxycycline, norfloxacin, azithromycin, and
ciprofloxacin, accounting for about 70 % of the total antimicrobial
consumption [52].

About 85 % of the pathogenic E. coli isolates in this study were
found to be resistant to at least one antimicrobial and 36 % were
MDR. This indicates extensive distribution of AMR among the E.
coli isolates in the region. A high proportion of MDR was found in
isolates of the EAEC (80 %), ETEC (38 %), and STEC (29 %) patho-
types while no MDR was detected in the EPEC isolates. Similarly,
all STEC isolates from cattle and swine in a study from Chile were
resistant to at least one antimicrobial [42]. Contrary to the findings
of the current study, all EPEC isolates from diarrheal calf, milk, and
dairy workers in an Egyptian study were resistant to at least one
antimicrobial [53].

In this study, 50 of the 98 households had samples with mixed
E. coli pathotypes. Different sample sources shared the same mixed
pathotypes in 6 of these households. MDR isolates were found in
samples from 44 households, and isolates with the same patho-
types and the same AMR profiles were found in samples from at
least two sources in 11 of those households. This could be due to
transmission within households and such transmission could be
associated with lack of knowledge and failure to implement hy-
giene measures to prevent transmission.

Among the analyzed potential risk factors, only educational
level turned out to be associated with occurrence of resistance.
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The proportion of resistant pathogenic E. coli isolates was lower
in the group with high-school education than in the other groups
with less education. The finding may suggest a link between edu-
cation and awareness of the appropriate use of antibiotics, and/or
the ability to implement hygiene advice. This is promising, as ed-
ucating people may ultimately reduce the incidence and zoonotic
transmission of antimicrobial resistance.

5. Study limitations

Due to financial constraints, our study was conducted with a
relatively small sample size, and only selected isolates were sub-
jected to antimicrobial resistance (AMR) profiling. Additionally, we
did not use advanced sequencing techniques to explore further
molecular similarities among isolates in calves, humans, and the
environment. These constraints may limit the generalizability of
our results, and they should be interpreted with caution.

6. Conclusion

E. coli pathotypes, mainly ETEC and STEC were frequently de-
tected in diarrheal calves, in-contact humans, and their environ-
ment. Over one-third of the tested isolates were MDR. Some of
the detected pathotypes and their associated phenotypic resistance
patterns were similar in samples from different sources within the
same households. This finding suggests that antibiotic-resistant E.
coli could be a zoonotic concern in livestock-keeping households in
low-income countries.

Funding

This study was financed by the Swedish International De-
velopment Cooperation Agency (SIDA)'s Research and Train-
ing Grant AAU - SLU program, Biotechnology PhD Program -
Sida Projects’ Coordination Office Of AAU accessed October 2023.
Ethical approval

The study was ethically approved by the natural and computa-
tional sciences institutional review board committee, Addis Ababa
University, Ethiopia (Ref. No. CNCSDO/423/14/2022). Moreover, in-
formed consent was obtained from all study participants.
Declaration of competing interest

The authors declare no conflict of interest.
Acknowledgments

The authors are grateful to Yirgashewa (DVM) and Erdachew
(DVM) for their assistance in sample collection, and Mequanent
Addisu (DVM) for his unwavering support throughout the study
period.

Data Availability Statement

The data generated in this study will be made available upon
the request of the corresponding author.

Declaration of generative Al and Al-assisted technologies
No generative Al and Al-assisted technologies were used.
Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.jgar.2024.12.022.

Journal of Global Antimicrobial Resistance 41 (2025) 59-67

References

[1] Otte J, Pica-Ciamarra U. Emerging infectious zoonotic diseases: the neglected
role of food animals. One Health 2021;13:1-4. doi:10.1016/j.onehlt.2021.
100323.

[2] WHO. WHO estimates of the global burden of foodborne diseases 2007 -
2015. Foodborne Disease Burden Epidemiology Reference Group 2007-2015;
2015. https://iris.who.int/bitstream/handle/10665/199350/9789241565165_eng.
pdf?sequence=1 (Accessed December 14, 2023).

[3] Wang D, Gao H, Zhao L, Lv C, Dou W, Zhang X, et al. Detection of the dominant
pathogens in diarrheal calves of Ningxia, China in 2021-2022. Front Vet Sci
2023;10:1-12. doi:10.3389/fvets.2023.1155061.

[4] Lee SH, Kim HY, Choi EW, Kim D. Causative agents and epidemiology of diar-
rhea in Korean native calves. ] Vet Sci 2019;20:1-13. doi:10.4142/jvs.2019.20.
e64.

[5] Irshad H, Cookson AL, Hotter G, Besser TE, On SLW, French NP. Epidemiol-
ogy of Shiga toxin-producing Escherichia coli 0157 in very young calves in the
North Island of New Zealand. N Z Vet ] 2012;60:21-6. doi:10.1080/00480169.
2011.627063.

[6] Pakbin B, Briick WM, Rossen JWA. Virulence factors of enteric pathogenic Es-
cherichia coli: a review. Int ] Mol Sci 2021;22:1-18. doi:10.3390/ijms22189922.

[7] Lava M, Schiipbach-Regula G, Steiner A, Meylan M. Antimicrobial drug

use and risk factors associated with treatment incidence and mortality in

Swiss veal calves reared under improved welfare conditions. Prev Vet Med

2016;126:121-30. doi:10.1016/j.prevetmed.2016.02.002.

Schnyder P, Schonecker L, Schiipbach-Regula G, Meylan M. Effects of manage-

ment practices, animal transport and barn climate on animal health and an-

timicrobial use in Swiss veal calf operations. Prev Vet Med 2019;167:146-57.
doi:10.1016/j.prevetmed.2019.03.007.

WHOGIobal action plan on antimicrobial resistance. World Health Or-

ganization  2015:1-28. https://iris.who.int/bitstream/handle/10665/193736/

9789241509763 _eng.pdf?sequence=1 (Accessed July 7, 2023).

[10] Becker ], Perreten V, Steiner A, Stucki D, Schiipbach-Regula G, Collaud A,
et al. Antimicrobial susceptibility in E. coli and Pasteurellaceae at the begin-
ning and at the end of the fattening process in veal calves: comparing ‘out-
door veal calf and conventional operations. Vet Microbiol 2022;269:109419.
doi:10.1016/j.vetmic.2022.109419.

[11] Van Boeckel TP, Brower C, Gilbert M, Grenfell BT, Levin SA, Robinson TP, et al.
Global trends in antimicrobial use in food animals. Proc Natl Acad Sci U S A
2015;112:5649-54. doi:10.1073/pnas.1503141112.

[12] Angeles M, Deplano A, Meghraoui A, Dod M. Bacteria from animals as a pool
of antimicrobial. Antibiotics 2017;6:1-38. doi:10.3390/antibiotics6020012.

[13] He WY, Zhang XX, Gao GL, Gao MY, Zhong FG, Lv LC, et al. Clonal spread
of Escherichia coli 0101:h9-st10 and 0101:h9-st167 strains carrying fosa3 and
blactx-m-14 among diarrheal calves in a chinese farm, with australian chroic-
ocephalus as the possible origin of e. coli 0101:h9-st10. Zool Res 2021;42:461-
8. do0i:10.24272/].ISSN.2095-8137.2021.153.

[14] Jepleting M, Mutai W, Musyoki VM, Oduor B, Ayodo C, Mugoh R, et al. Es-
cherichia coli pathotypes in children with acute diarrhea in an informal settle-
ment in Nairobi. Kenya. Adv Microbiol 2023;13:181-92. doi:10.4236/aim.2023.
134011.

[15] Enany ME, Algammal AM, Nasef SA, Abo-Eillil SAM, Bin-Jumah M, Taha AE,
et al. The occurrence of the multidrug resistance (MDR) and the preva-
lence of virulence genes and QACs resistance genes in E. coli isolated from
environmental and avian sources. AMB Express 2019;9:1-9. doi:10.1186/
513568-019-0920-4.

[16] Merera O. Isolation, identification and antimicrobial susceptibility tests of E.
coli and salmonella from diarrheic calves in and around Sebeta Town 2020:1-
19. doi:10.21203/rs.3.rs-32263/v1.

[17] Abayneh M, Tesfaw G, Woldemichael K, Yohannis M, Abdissa A. Assessment
of extended-spectrum S - lactamase (ESBLs) - producing Escherichia coli from
minced meat of cattle and swab samples and hygienic status of meat retailer
shops in Jimma town, Southwest. BMC Infect Dis 2019;19:1-8.

[18] Liu J, Zhao Z, Avillan ]JJ, Call DR, Davis M, Sischo WM, et al. Dairy farm
soil presents distinct microbiota and varied prevalence of antibiotic resistance
across housing areas. Environ Pollut 2019;254:113058. doi:10.1016/j.envpol.
2019.113058.

[19] Katakweba AAS, Muhairwa AP, Lupindu AM, Damborg P, Rosenkrantz ]T,
Minga UM, et al. First report on a randomized investigation of antimicrobial
resistance in fecal indicator bacteria from livestock, poultry, and humans in
Tanzania. Microb Drug Resist 2018;24:260-8. doi:10.1089/mdr.2016.0297.

[20] Beshah D, Desta AF, Woldemichael GB, Belachew EB, Derese SG, Zelelie TZ,
et al. High burden of ESBL and carbapenemase-producing gram-negative bacte-
ria in bloodstream infection patients at a tertiary care hospital in Addis Ababa,
Ethiopia. PLoS ONE 2023;18:e0287453. doi:10.1371/journal.pone.0287453.

[21] WHO. Antimicrobial resistance global report on surveillance. 2014.

[22] de Kraker MEA, Stewardson AJ, Harbarth S. Will 10 million people die a year
due to antimicrobial resistance by 2050? PLoS Med 2016;13:1-6. doi:10.1371/
journal.pmed.1002184.

[23] Ethiopian central statistical agency. Addis Ababa: Statistical Report for Amhara
Region; 2007.

[24] Chekole WS, Adamu H, Sternberg-Lewrein S, Magnusson U, Tessema TS. Occur-
rence of Escherichia coli pathotypes in diarrheic calves in a low-income setting.
Pathogens 2023;12:1-15. doi:10.3390/pathogens12010042.

[25] Hudzicki J. Kirby-Bauer Disk diffusion susceptibility test protocol. Washington,
DC: American Society For Microbiology; 2012. p. 1-23.

8

[9


https://sida.aau.edu.et/index.php/biotechnology-phd-program/
https://doi.org/10.1016/j.jgar.2024.12.022
https://doi.org/10.1016/j.onehlt.2021.100323
https://iris.who.int/bitstream/handle/10665/199350/9789241565165_eng.pdf?sequence=1
https://doi.org/10.3389/fvets.2023.1155061
https://doi.org/10.4142/jvs.2019.20.e64
https://doi.org/10.1080/00480169.2011.627063
https://doi.org/10.3390/ijms22189922
https://doi.org/10.1016/j.prevetmed.2016.02.002
https://doi.org/10.1016/j.prevetmed.2019.03.007
https://iris.who.int/bitstream/handle/10665/193736/9789241509763_eng.pdf?sequence=1
https://doi.org/10.1016/j.vetmic.2022.109419
https://doi.org/10.1073/pnas.1503141112
https://doi.org/10.3390/antibiotics6020012
https://doi.org/10.24272/J.ISSN.2095-8137.2021.153
https://doi.org/10.4236/aim.2023.134011
https://doi.org/10.1186/s13568-019-0920-4
https://doi.org/10.21203/rs.3.rs-32263/v1
http://refhub.elsevier.com/S2213-7165(24)00477-6/sbref0017
https://doi.org/10.1016/j.envpol.2019.113058
https://doi.org/10.1089/mdr.2016.0297
https://doi.org/10.1371/journal.pone.0287453
https://doi.org/10.1371/journal.pmed.1002184
http://refhub.elsevier.com/S2213-7165(24)00477-6/sbref0023
https://doi.org/10.3390/pathogens12010042
http://refhub.elsevier.com/S2213-7165(24)00477-6/sbref0025

W.S. Chekole, TS. Tessema, S. Sternberg-Lewerin et al.

[26] CLSI. Performance Standards for Antimicrobial Susceptibility TestingCLSI sup-
plement M100. 30th ed. Wayne, PA: Clinical and Laboratory Standards Insti-
tute; 2020.

[27] Miri ST, Dashti A, Mostaan S, Kazemi F, Bouzari SB. Identification of different

Escherichia coli pathotypes in north and north-west provinces of Iran. Iran ]

Microbiol 2017;9:33-7.

Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske CG, et al.

Multidrug-resistant, extensively drug-resistant and pandrug-resistant bacteria:

an international expert proposal for interim standard definitions for acquired

resistance. Clin Microbiol Infect 2012;18:268-81. doi:10.1111/j.1469-0691.2011.

03570.x.

[29] Dan A. crosstable: Crosstables for descriptive analyses 2023.

[30] Warnes A.G.R,, Bolker B., Lumley T., Randall C. Package ‘ gmodels’ 2022.

[31] Wickham H. ggplot2: elegant graphics for data analysis. 2nd ed. New York, NY:
Springer-Verlag New York; 2016.

[32] Belete MA, Demlie TB, Chekole WS, Tessema TS. Molecular identification of di-
arrheagenic Escherichia coli pathotypes and their antibiotic resistance patterns
among diarrheic children and in contact calves in Bahir Dar city, Northwest
Ethiopia. PLoS ONE 2022;17:1-18. doi:10.1371/journal.pone.0275229.

[33] Alfinete NW, Bolukaoto JY, Heine L, Potgieter N, Barnard TG. Virulence and
phylogenetic analysis of enteric pathogenic Escherichia coli isolated from chil-
dren with diarrhoea in South Africa. Int J Infect Diseases 2022;114:226-32.
doi:10.1016/j.ijid.2021.11.017.

[34] Swedan S, Alrub HA. Pathotypes of Escherichia coli isolated from drinking water
sources in Jordan. Antibiotics 2019;8:1-19. doi:10.3390/pathogens8020086.

[35] Lalhruaipuii K, Dutta TK, Roychoudhury P, Chakraborty S, Subudhi PK,

Samanta 1, et al. Multidrug-resistant extended-spectrum S-lactamase-

producing Escherichia coli pathotypes in North Eastern Region of India:

backyard small ruminants-human-water interface. Microb Drug Resist
2021;27:1664-71. doi:10.1089/mdr.2020.0365.

Reshadi P, Heydari F, Ghanbarpour R, Bagheri M, Jajarmi M, Amiri M, et al.

Molecular characterization and antimicrobial resistance of potentially human-

pathogenic Escherichia coli strains isolated from riding horses. BMC Vet Res

2021;17:1-9. doi:10.1186/s12917-021-02832-x.

Webale MK, Guyah B, Wanjala C, Nyanga PL, Webale SK, Abonyo C, et al. Phe-

notypic and genotypic antibiotic resistant diarrheagenic escherichia coli patho-

types isolated from children with diarrhea in Nairobi City. Kenya. Ethiop ]

Health Sci 2020;30:881-90. doi:10.4314/ejhs.v30i6.5.

Schwaiger K, Storch ], Bauer C, Bauer J. Abundance of selected bacterial groups

in healthy calves and calves developing diarrhea during the first week of life :

are there di erences before the manifestation of clinical symptoms? Front Mi-

crobiol 2022;13:1-12. doi:10.3389/fmicb.2022.958080.

Awad WS, El-Sayed AA, Mohammed FF, Bakry NM, Abdou NEMI, Kamel MS.

Molecular characterization of pathogenic Escherichia coli isolated from di-

arrheic and in-contact cattle and buffalo calves. Trop Anim Health Prod

2020;52:3173-85. doi:10.1007/s11250-020-02343-1.

Modgil V, Chaudhary P, Bharti B, Mahindroo ], Yousuf M, Koundal M, et al.

Prevalence, virulence gene profiling, and characterization of enteroaggregative

Escherichia Coli from children with acute diarrhea, asymptomatic nourished,

(28]

(36]

(37]

(38]

(39]

(40]

67

Journal of Global Antimicrobial Resistance 41 (2025) 59-67

and malnourished children younger than 5 years of age in India. ] Pediatr
2021;234:106 14.e5. doi:10.1016/j.jpeds.2021.03.010.

Gazi MA, Alam MA, Fahim SM, Wahid BZ, Khan SS, Islam MO, et al. Infection
with Escherichia Coli pathotypes is associated with biomarkers of gut enteropa-
thy and nutritional status among malnourished children in Bangladesh. Front
Cell Infect Microbiol 2022;12:1-9. doi:10.3389/fcimb.2022.901324.

Galarce N, Sinchez F, Fuenzalida V, Ramos R, Escobar B, Lapierre L, et al.
Phenotypic and Genotypic Antimicrobial Resistance in Non-0157 Shiga Toxin-
Producing Escherichia coli Isolated From Cattle and Swine in Chile. Front Vet
Sci 2020;7:1-12. doi:10.3389/fvets.2020.00367.

Arghavan M, Zahra E, Parisa AB S. Evaluation of virulence factors, antibiotic re-
sistance, and biofilm formation of Escherichia coli isolated from milk and dairy
products in Isfahan, Iran. Foods 2022;11:1-16. doi:10.3390/foods11070960.
Das R, Palit P, Haque MA, Mahfuz M, Faruque ASG, Ahmed T. Site specific in-
cidence rate of genomic subtypes of enteropathogenic Escherichia coli and as-
sociation with enteric inflammation and child growth. Sci Rep 2022;12:1-9.
doi:10.1038/s41598-022-09730-8.

Mare AD, Ciurea CN, Man A, Tudor B, Moldovan V, Decean L, et al. En-
teropathogenic escherichia coli: a summary of the literature. Gastroenterol In-
sights 2021;12:28-40. doi:10.3390/GASTROENT12010004.

Asfaw MASET. Occurrence of Multi-Drug Resistant Escherichia coli and Es-
cherichia Coli 0157 : H7 in Meat and Swab Samples of Various Contact Surfaces
at Abattoir and Butcher Shops in Jimma Town, Southwest District of. Infect
Drug Resist 2020;13:3853-62.

Mohammed SAEM, Marouf SAEM, Erfana AM, El-Jakee JKAEH, Hessain AM, Da-
woud TM, et al. Risk factors associated with E. coli causing neonatal calf diar-
rhea. Saudi ] Biol Sci 2019;26:1084-8. doi:10.1016/j.5jbs.2018.07.008.

Souto MSM, Coura FM, Dorneles EMS, Stynen APR, Alves TM, Santana ]A,
et al. Antimicrobial susceptibility and phylotyping profile of pathogenic Es-
cherichia coli and Salmonella enterica isolates from calves and pigs in Mi-
nas Gerais. Brazil. Trop Anim Health Prod 2017;49:13-23. doi:10.1007/
s11250-016-1152-0.

Sjostrom K, Hickman RA, Tepper V, Antillon GO, Jarhult JD, Emanuelson U,
et al. Antimicrobial resistance patterns in organic and conventional dairy herds
in sweden. Antibiotics 2020;9:1-17. doi:10.3390/antibiotics9110834.

[50] Fesseha H, Mathewos M, Aliye S, Mekonnen E. Isolation and antibiogram of
Escherichia coli 0157: H7 from diarrhoeic calves in urban and peri-urban dairy
farms of Hawassa town. Vet Med Sci 2022;8:864-76. doi:10.1002/vms3.686.
Hailemariam M, Alemayehu T, Tadesse B, Nigussie N, Agegnehu A,
Habtemariam T, et al. Major bacterial isolate and antibiotic resistance from
routine clinical samples in Southern Ethiopia. Sci Rep 2021;11:1-9. doi:10.
1038/s41598-021-99272-2.

Tirfe M, Alemu A, Alemu W, Woldearegay M, Asfaw G, Gerba H, et al. A three
years antimicrobials consumption in Ethiopia from 2017 to 2019: a cross- sec-
tional study. PLoS ONE 2023;18:1-12. doi:10.1371/journal.pone.0284038.
Eldesoukey IE, EImonir W, Alouffi A, Beleta EIM, Kelany MA, Elnahriry SS, et al.
Multidrug-resistant enteropathogenic escherichia coli isolated from diarrhoeic
calves, milk, and workers in dairy farms: a potential public health risk. Antibi-
otics 2022;11:1-12. doi:10.3390/antibiotics11080999.

[41]

[42]

[43]

[44]

[45]

[46]

(47]

(48]

(49]

[51]

[52]

[53]


http://refhub.elsevier.com/S2213-7165(24)00477-6/sbref0026
http://refhub.elsevier.com/S2213-7165(24)00477-6/sbref0027
https://doi.org/10.1111/j.1469-0691.2011.03570.x
http://refhub.elsevier.com/S2213-7165(24)00477-6/sbref0031
https://doi.org/10.1371/journal.pone.0275229
https://doi.org/10.1016/j.ijid.2021.11.017
https://doi.org/10.3390/pathogens8020086
https://doi.org/10.1089/mdr.2020.0365
https://doi.org/10.1186/s12917-021-02832-x
https://doi.org/10.4314/ejhs.v30i6.5
https://doi.org/10.3389/fmicb.2022.958080
https://doi.org/10.1007/s11250-020-02343-1
https://doi.org/10.1016/j.jpeds.2021.03.010
https://doi.org/10.3389/fcimb.2022.901324
https://doi.org/10.3389/fvets.2020.00367
https://doi.org/10.3390/foods11070960
https://doi.org/10.1038/s41598-022-09730-8
https://doi.org/10.3390/GASTROENT12010004
http://refhub.elsevier.com/S2213-7165(24)00477-6/sbref0046
https://doi.org/10.1016/j.sjbs.2018.07.008
https://doi.org/10.1007/s11250-016-1152-0
https://doi.org/10.3390/antibiotics9110834
https://doi.org/10.1002/vms3.686
https://doi.org/10.1038/s41598-021-99272-2
https://doi.org/10.1371/journal.pone.0284038
https://doi.org/10.3390/antibiotics11080999

	Molecular identification and antimicrobial resistance profiling of pathogenic E. coli isolates from smallholder livestock households in Central Ethiopia
	1 Introduction
	2 Materials and methods
	2.1 Study area
	2.2 Sample collection, E. coli isolation and pathotype identification
	2.3 Antimicrobial resistance (AMR) profiling
	2.4 Household data collection
	2.5 Data analysis
	2.6 Ethical clearance and consent for human participants

	3 Results
	3.1 Isolation and detection of E. coli pathotypes
	3.2 Antimicrobial resistance profile
	3.3 Pathotypes and their AMR profile on household level

	4 Discussion
	5 Study limitations
	6 Conclusion
	Funding
	Ethical approval
	Declaration of competing interest
	Acknowledgments
	Data Availability Statement
	Declaration of generative AI and AI-assisted technologies
	Supplementary materials
	References


