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ABSTRACT 

The characterization of Escherichia coli that colonizes pets is necessary to maintain 
animal health and to reduce the chance of transmission to owners. In this study, we 
investigated the incidence of potentially virulent E. coli inhabiting healthy pet dogs as a 
risk of infection to pet owners. Antibiotic-resistant E. coli isolated from freshly passed 
dog feces were whole-genome sequenced using Illumina chemistry and classified into 
pathogenic lineages using pathogen-specific markers. The antimicrobial resistance genes 
(ARGs), virulence-associated genes (VAGs), and plasmids were respectively predicted 
using the ResFinder, VirulenceFinder, and PlasmidFinder. Of the 32 isolates, 13 carried 
resistance genes such that four, six, and 11 contained β-lactam (blaTEM), aminoglycoside 
[aac-6(Ib7)/ant-3(Iia)/aph-3(Ib)/aph-6(Id)] and tetracycline (tet) resistance genes, 
respectively. The IncF plasmids were most prevalent (n=12, 38.71%) but the highly self-
conjugative IncN plasmids occurred simultaneously with the plasmid-borne [quinolones 
(QnrS1/QnrB7) and sulfonamide (sul3)] ARGs in ≥ 2 E. coli. One E. coli each was classified 
as avian pathogenic E. coli, atypical enteropathogenic E. coli, enterotoxigenic E. coli, 
Shiga toxin-producing enteroaggregative E. coli, and enteroaggregative E. coli. Pet feces 
should be carefully handled because they contain virulent and drug-resistant E. coli. 
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Escherichia coli resident in the gastrointestinal tract of 
humans and animals are mostly commensal (Majowicz 
et al., 2014) except for certain lineages that cause 
diarrhea (Puño-Sarmiento et al., 2013) and extra-
intestinal infections (Manges et al., 2019). These 
pathogenic strains cause different intestinal and extra-
intestinal diseases by using their virulence genes which 
affect several cellular processes. Escherichia coli 
infections can be challenging when pathogenic strains 
acquire antibiotic-resistant characteristics since this 
may herald a scenario where pan-resistant pathogenic 

lineages could emerge in the shared environment 
between humans, animals, and plants (Ikhimiukor et 
al., 2022), and this can increase the chance of human 
acquisition of infections that could be untreatable.  
 Keeping pet animals such as dogs is common in 
several households worldwide. The cross-infection of 
pet owners and diarrheic dogs by E. coli in households 
lacking appropriate animal-waste management 
systems (Penakalapati et al., 2017) has suggested the 
need to identify the lineages of the bacterium that are 
responsible for human infection (Robins-Browne et al., 
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2016; Ashbolt et al., 2018; LeCuyer et al., 2018). Little 
is known of the E. coli lineages that are responsible for 
shared infections between humans and dogs, besides 
extraintestinal E. coli and uropathogenic E. coli 
(LeCuyer et al., 2018; Manges et al., 2019). 
 Studying the incidence of pathogenic E. coli strains in 
healthy pet dogs is crucial (Manges et al., 2019) to 
enhance our understanding of the lineages responsible 
for shared infections between pet owners and their 
dogs. Previous studies that performed whole genome 
sequencing (WGS) of dog-derived E. coli either 
prioritized extended spectrum β-lactamases (ESBLs) 
investigations (Tudu et al., 2022) or weighed in on the 
possible role of animal feeds in the spread of 
resistance by pet animals (Mounsey et al., 2022). We 
hypothesized that certain lineages of E. coli, in this 
context, healthy pet dog-derived E. coli that can resist 
antibiotics may have evolved genetic traits to persist 
sufficiently to initiate infections in their host. Since 
carriage of these genetic traits, otherwise called 
virulence genes, is the basis upon which the lineages 
are classified, the current investigation aimed to 
determine the likely incidence of known E. coli 
pathotypes in freshly passed fecal samples of healthy 
dogs to deduce possible infection occurrence, and to 
know whether these pathotypes are reservoirs of 
mobile resistance traits. 

Materials and methods 

Selection of drug-resistant Escherichia coli for whole 
genome sequencing: Previously, we described drug-
resistant E. coli isolated from fecal samples of 
apparently healthy dogs in Ibadan, Nigeria (Falodun et 
al., 2022), adhering to established guidelines (Sherwin 
et al., 2003) and the National Health Research Ethics 
Committee of Nigeria (NHREC, 2007). Briefly, fresh 
fecal samples (n=60) collected from dogs into sterile 
sample bottles were processed to isolate E. coli on 
Eosine Methylene Blue and MacConkey agars. 
Escherichia coli were identified with uidA primer 
through a polymerase chain reaction while confirmed 
isolates were tested against 10 antibiotics using the 
Kirby-Bauer disc diffusion method. Selected antibiotics 
are among the most commonly administered agents in 
veterinary practices in Nigeria (Olowe et al., 2015, 
Ogbolu et al., 2020). The ESBL E. coli phenotypic 
detection was performed using the double disc 
synergy test following CLSI (2021) while isolates 
showing ESBL phenotype were genotyped for ESBL 
blaSHV, blaTEM, and blaCTX-M using multiplex PCR. In 
this study, we retrieved 31 drug-resistant E. coli 
isolates from our previous study (Falodun et al., 2022) 
and included one additional E. coli isolate (INOF032) 
from the same study making the number of organisms 
examined equal to 32. All the isolates were subjected 

to whole genome sequencing using Illumina 
technology. The sequences generated were inspected 
for specific diarrheagenic virulence markers. These 
markers were used to classify the organisms into 
specific pathogenic lineages. 

Extraction of DNA, preparation of library, and whole 
genome sequencing: The isolates' total genomic DNA 
was extracted using a Wizard DNA extraction kit 
(Promega). The extracted genomic DNA was quantified 
using a dsDNA Broad Range fluorometric assay 
(Invitrogen). The preparation of DNA libraries was 
done using the NEBNext Ultra II FS DNA library kit for 
Illumina (New England Biolabs). Libraries were 
sequenced at Wellcome Sanger Institute, Cambridge, 
United Kingdom, on the Illumina HiSeq 2500 
instrument (Illumina, San Diego, CA, USA) using 2 × 
250 bp paired-end reads. 

Bioinformatic analyses of the sequences: Raw reads 
were trimmed using TrimmomaticPE, and assessed for 
quality using FastQC, while individual FastQC reports 
were aggregated into a single report file using MultiQC 
(Ewels et al., 2016). To further assess the quality of the 
sequences, reads were assigned taxonomic markers 
using Kraken (Wood et al., 2015) and these markers 
were quantified using Bracken (Lu et al., 2017). Based 
on the quality of the sequence, reads were assembled 
into contigs using Spades v3.9.0 (Bankevich et al. 
(2012). The genomes were annotated using Prokka 
v1.12 (Seemann, 2014) and reads were mapped to a 
reference genome (E. coli_042) to generate a multi-
fasta alignment file. The IQTree’s Model Selection 
option was used to determine a best-fit model 
(GTR+F+ASC+R4) to produce the phylogenetic tree by 
the IQ-tree (Trifinopoulos et al., 2016), and the tree 
was visualized using the Microreact tool (Berghain et 
al., 2018). 

Assessment of whole genome sequences for 
resistance, virulence, and plasmid markers: The 
sequences were assessed for ARGs, virulence genes, 
and plasmid replicons using the Centre for Genomic 
Epidemiology Resfinder (Clausen et al., 2018), 
VirulenceFinder (Malberg et al., 2020), and 
PlasmidFinder (Carattoli and Hasman, 2020). The 
sequence types (STs) were determined with ARIBA 
using Achtman’s multi-locus sequence typing scheme 
(Clausen et al., 2018). The phylogenetic grouping of 
the genomes was done by the Ezclermont in 
silico Clermont Phylotyper (Clermont et al., 2013). 

Assignment of sequence number to novel STs: Strains 
with novel STs have their raw sequences uploaded to 
the University of Warwick Enterobase platform 
(https://enterobase.warwick.ac.uk/species/ecoli/
upload_reads), curated at https://
enterobase.warwick.ac.uk/species/ecoli/my_strains 

Falodun et al., 2024 / Journal of Istanbul Veterinary Sciences. Volume 8, Issue 1, pp: 5-12 



 7 

 

and STs were assigned based on the Achtman 7 gene 
multilocus sequence typing (MLST) scheme. 
Classification of strains into pathotypes: Genome 
sequences were inspected for the carriage of specific 
markers, and the pathotypes were determined using 
previously recommended protocols outlined in Table 1 
(Sheikh et al., 2006; Mercado et al., 2016; Robins-
Browne et al., 2016; Ovi et al., 2023).  
 Availability of whole genome sequence data: Raw 
sequence datasets generated during this study were 
deposited at the European Nucleotide Archive with 
bioproject number PRJEB8667. Accessions are 
available at the https://www.ebi.ac.uk/ena/browser/
view/PRJEB8667. 

Results 

Detection of antibiotic resistance genes: Thirteen of 
the 32 E. coli isolates bore ARGs and the most 
prevalent was tetracycline (tet) found in 11 (34.36%) 
isolates followed by sulphonamide (sul) and 
aminoglycoside [aac-6(Ib7)/ant-3(Iia)/aph-3(Ib)/aph-6
(Id)] resistance genes carried each by 6 (18.75%) 
isolates. Plasmid-mediated quinolone resistance 
(PMQR) genes qnrs1 (n=3) and qnrb7 (n=1) were borne 
by the isolates without co-occurrence. Simultaneous 
reading of the resistance determinants showed that 
the isolates carrying qnrs1 harboured aph-6-ld, aac-6
(Ib7), and blaTEM while those carrying aph-6-ld, aac-6
(Ib7), and blaTEM-95 also possessed dfrA14, mef-B, 
sul3, and tetA genes. Other ARGs – aadA5, dfrA17, and 
sul2 were found in one and two isolates accordingly 
(Table 2 and  https://microreact.org/project/
iEWL5GYVXBcvuje3kAyjkJ-escherichia-coli-
antimicrobial-resistance-genes). 
Carriage of virulence-associated genes by the 
isolates: The mean value of VAGs was nine and the 
range was from five to 28. The glutamate 
decarboxylase gad- and tellurite resistance terC genes 
were found in all the isolates while 30 (93.75%) 
isolates carried the long polar fimbriae lpfA. At least a 

gene responsible for bacterial iron metabolism (iron 
acquisition, yersiniabactin biosynthesis, and 
aerobactin) -iroN, irp2, fyuA, chuA, iutA, iucC- and traT
- were detected in the strains, but traT- and iroN (n=7) 
occurred the most. The microcin (mchC-, mchB-, 
mcmA-, mchF-, mchF-) and colicin genes (cba, cvaC, 
cma, cvaC) were correspondingly detected in four and 
two isolates. A strain carried iha, an O157:H7 EHEC 
nonhemagglutinin, and efa1 (lifA), a lymphocyte 
inhibitory factor: the toxin gene astA and sitA were 
accordingly found in nine and 17 isolates. 
Immunoglobulin repeat protein (air) and eilA, a 
Salmonella enterica HilA-like regulator seen in EAEC 
were present in two isolates. However, nine and 11 
isolates carried outer membrane protein (OmpT-) and 
increased serum survival (iss) genes. Shiga-toxin-
related gene (stx1B) was found in one E. coli 
containing extra 12 VAGs (Table 2 and https://
microreact.org/project/mwV3AQPd59fJrXk8EetChZ-
escherichia-coli-virulence-associated-genes). 
Detection of plasmid replicons in E. coli: Seventeen 
strains (53.13%) carried various plasmid types while 
the rest of the isolates did not carry any plasmid 
replicons. The most occurring plasmid type was IncF 
found in 12 (37.5%) isolates. The IncF replicons were 
IncFI- (n=18), IncFII- (n=7), IncX (n=7), IncI-1-α (n=5), 
IncN (n=3), IncY (n=3), and Col-MG82 (n=1) (Table 2 
and https://microreact.org/project/
kgLorSjVnomL1Y5baXn3ga-escherichia-coli-plasmids). 
Phylogroup and multilocus sequence type of E. coli: 
The phylogroup B1 (n= 22, 68.75%) was predominant 
as against phylogroup A (n=8, 25%) while one isolate 
belonged to phylogroup E and the cryptic clade. The 
most frequently occurring STs were ST2541 and 
ST7483 (n=5), and ST295 (n=3). The detected novel STs 
were ST13336 (n=2) and ST13327 (n=1). ST/
phylogroup showed that 21 isolates belonged to group 
B1 while ST2541, ST206, and ST13336 belonged to 
phylogroup A. A novel ST (ST13327) belonged to group 
E (Table 2). 
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Table 1. Criteria used for classification of the Escherichia coli strains into pathotypes 

Target marker(s)  Other diagnostic target(s)  Predicted Pathotypes  References 

eilA/stx1B ehxA, stx1B, eilA Shiga toxin-Enteroaggregative E. coli (Robins-Browne et al., 2016) 

STA tibC, east-1, F17a, F17d Enterotoxigenic E. coli (Robins-Browne et al., 2016) 

eilA fyuA, irp2, chuA, traT, ompT Enteroaggregative E. coli (Sheikh et al., 2006) 

eae nleA-2, nleA-8, nleC-3, nleB-14, lifA, astA Atypical Enteropathogenic E. coli (Mercado et al., 2016) 

hlyF iss, iroN, ompT, cvaC, hlyF, papC Avian Pathogenic E. coli (Ovi et al., 2023) 

eilA, Salmonella enterica hilA-like gene; fyuA, yersiniabactin receptor; chuA, haem receptor; ompT, outer membrane protein; ehxA, enterohemolysin; 
stx1B, Shiga toxin 1B; F17a, F17d, F17 fimbriae; iss, increased serum survival; cvaC, colicin V production; hlyF, hemolysin F; eae, intimin gene; papC, P 
fimbrial gene; nle genes, pro-inflammatory inhibitory proteins; iroN, enterobactin siderophore receptor protein; astA/STA/east-1, heat-stable enterotox-
in; tibC, tib adhesin/invasion; lifA, lymphocyte inhibitory factor. 

Classification of the 
Escherichia coli strains into 
pathotypes: 
isolate each was grouped into 
five pathotypes, viz. highly 
contagious APEC, 
ST
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Classification of the Escherichia coli strains into 
pathotypes: One E. coli isolate each was grouped into 
five pathotypes, viz. highly contagious APEC, ETEC, 
EAEC, ST-EAEC, and aEPEC. The isolates possessed an 
average of nine VAGs, even though most of them 
(n=27/32) were unclassifiable into specific pathotypes 
based on our stringent criteria and were therefore 
regarded as commensals. 

Continuous reading of plasmids, antimicrobial 
resistance, and virulence genes: The investigation of 
the co-occurrence of ARGs, VAGs, and plasmids using a 
Venn diagram revealed that none of the isolates 
carried only ARGs or plasmids (Fig. 1). However, 10 E. 
coli isolates contained VAGs only without harbouring 
ARGs and plasmids, while separate strains (n=10) 
carried both VAGs and plasmids. Five E. coli isolates 
carried both ARGs and VAGs as against seven isolates 
that carried ARGs, VAGs, and plasmid replicons 
altogether (Figure. 1). 

Figure 1. Representation of detected antimicrobial resistance 
genes (ARGs), virulence-associated genes (VAGs), and plasmids in 
E. coli (n=32) isolated from dog fecal samples. Additional 
information on accessions and other metadata are available in the 

Supplementary files.  
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Table 2. WGS analysis of E. coli showing antimicrobial resistance, virulence, plasmid types, phylogroups, and 
sequence types  

ST/
Phylogroup 

Virulence-associated genes Plasmids AMR genes Classifications 

ST224/B1 
terC-5, terC-23, lpfA, gad-, hra-11, hra-6, F17a(6), F17a(7), mchC-
4, afaA-2, mchB-2, mcmA-3, afaC-7, mchF-8, mchF-2, f17G-5,  
hra-2, afaB-6 

nil ETEC  

ST13336/E 
terC-5, terC-23, gad-, air-4, iss-3, air-3, chuA-50, eilA-3, air-2, 
ompT-8, ompT-, sitA, traT- 

IncFIC-FII, IncFIB nil EAEC 

ST665/B1 
terC-5, terC-23, lpfA, gad-, efa1(7), esp(1), espA(11), tir(30), eae
(5), eae(44), eae(7), eae-42, astA-8, iutA-20, tccP-15, iha-14, gad-, 
nleA-8, nleA-2, nleC-3, nleB-14, espB-7, espF-3, iucC-1, ompT-, traT 

nil nil aEPEC 

ST7428/B1 terC-5, terC-23, lpfA, gad-, ompT-8, fyuA-78, irp2, traT, iss-9 
IncFIA-HI1, IncFII-

pCoo, IncFIB-pB171 
nil Commensal 

ST13336/A 
terC-5, terC-23, lpfA, gad-, iss-4, cba-5, cvaC-10, papC-34, papC-
29, iroN-6, mchF-11, ompT-240, cma-12, cvaC-6, hlyF-15, ompT-, 
sitA, traT- 

IncFII, IncFIB nil APEC 

ST2467/ 
cryptic 

terC-5, terC-23, lpfA, gad-, air-4, ehxA(1), sta1-2, astA-4, air-3, 
stx1B-14, eilA-3, yfcV-42, sitA 

IncFII-pSE11,  
IncFIB 

nil ST-EAEC 

ST2541/A terC-5, terC-23, lpfA, gad-, astA-4, sitA IncI1-I-α   Commensal 

ST2541/A terC-5, terC-23, lpfA, gad-, sitA, tsh-3 
Col-MG828, 

 IncFIC-FII, IncI1-I-α 
 Commensal 

ST224/B1 
terC-5, terC-23, lpfA, gad-, hra-11, hra-6, F17a(7), mchC-4,  
afaA-2, mchB-2,mcmA-3, afaC-7, mchF-8, f17G-5, hra-2, afaB-6 

  Commensal 

ST155/B1 terC-5, terC-23, lpfA, gad-, sitA   Commensal 

ST295/B1 terC-5, terC-23, lpfA, gad- sitA 
IncN, IncX1.1, 
IncX1.2, IncY 

aac-6(Ib7), ant-3
(Iia), aph-6(Id), 
qnrS1, blaTEM-95, 

dfrA14, mef-B, sul3, 
tetA 

Commensal 

ST295/B1 terC-5, terC-23, lpfA, gad-, sitA 
IncN, IncX1.1, 
IncX1.2, IncY 

aac-6(Ib7), aph-6
(Id), qnrS1, blaTEM-84, 
dfrA14, mef-B, sul3, 

tetA 

Commensal 

ST164/B1 
terC-5, terC-23, lpfA, gad-, hra-11, hra-6, iss-8, ompT-8, ompT-, 
sitA, traT- 

IncFIC-FII, IncFIA, 
IncFIB 

 Commensal 

ST-EAEC, Shiga toxin/Enteroaggregative E. coli; ETEC, Enterotoxigenic E. coli; EAEC, Enteroaggregative E. coli; APEC, Avian Pathogenic E. 
coli; aEPEC, atypical Enteropathogenic E. coli 
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Discussion 

We recently reported multiple phenotypic antibiotic 
resistance for E. coli isolates retrieved from the fecal 
sample of healthy dogs in Ibadan (Falodun et al., 
2022). In the current investigation, we leveraged the 
awareness that pets constitute channels for the spread 
of highly contagious diseases (Jacob et al., 2015) to 
sequence the antibiotic-resistant isolates and assess 
their genomes for resistance markers. We found 
blaTEM (n=4) as the sole ESBL gene that encoded 
resistance to β-lactam antimicrobials; no other ESBL 
genes were found in the strains. In 75% of the strains 
that contained blaTEM, there was a co-occurrence of 
qnrS1, tetA, sul3, aac-6(Ib7), aph-6(Id) genes with the 
highly versatile self-mobilizable IncN and host-specific 
IncX replicons. Our study is concordant with that of 
Sumrall et al. (2014) who reported that the occurrence 
of PMQR with IncX in E. coli attracted multiple and 
transmissible ARGs. The dosing of pets with antibiotics 

such as tetracycline, sulphonamide, and β-lactam 
antibiotics by veterinarians is a precursor for the 
different resistance genes found in the isolates. The 
presence of mobile antimicrobial resistance genes 
alongside self-conjugative plasmids in the isolates 
increases the risk of their contagion and this 
constitutes a major threat to public health. 

 The predominant STs of the strains isolated from 
freshly passed dog faecal samples were ST2541 and 
ST7483. However, most of the known epidemic E. coli 
strains such as STs-224, 162, 155, 297, and 2067 
occurred rarely. It is thus clear that most isolates 
recovered in this study did not fall into widely 
circulated E. coli lineages of ST131, and ST10 complex-
related isolates in Nigeria (Aibinu et al., 2012; Ogbolu 
et al., 2020; Afolayan et al., 2022). It is well known that 
ST2541 and others (STs-224, 162, 155, 297) belong to 
the global lineage associated with ESBL in E. coli 
isolated from dogs in Asia, Europe, and America 
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Table 2 continuation. WGS analysis of E. coli showing antimicrobial resistance, virulence, plasmid types, phylogroups, and sequence 
types.  

ST/Phylogroup Virulence-associated genes Plasmids AMR genes Classifications 

ST211/B1 (n=2) terC-5, terC-23, lpfA, gad-, astA-4 IncFII, IncFIB, IncI1-I-α 
aph-3(Ib), aph-6(Id), 
sul2, tetR, tetB 

Commensal 

ST13327/A 
terC-5, terC-23, lpfA, gad-, iss-4, cba-5, cvaC-10, papC-34, 
iroN-6, mchF-11, ompT-240, cma-12, cvaC-6, hlyF-15, ompT
-, sitA, traT- 

IncFII, IncFIB   Commensal 

ST162/B1 terC-5, terC-23, lpfA, gad-, iss-8, ompT-, sitA     Commensal 

ST297/B1 terC-5, terC-23, lpfA, gad-, iss-8, ompT-8, sitA, traT- 
IncFIA-HI1, 
IncFII-pCoo, 
IncFIB-pB171 

Commensal  

ST2541/A (n=2) terC-5, terC-23, lpfA, gad-, hra-11, hra-6, F17a(5), f17G-6    Commensal 

ST13029/B1 terC-5, terC-23, lpfA, gad-, astA-4, tsh-3, ompT-, sitA IncI1-I-α, IncX1.4 blaTEM-84, tetA Commensal 

ST2541/A terC-5, terC-23, lpfA, gad-, hra-11, hra-6, F17a(5), f17G-6   Commensal 

ST295/B1 terC-5, terC-23, lpfA, gad-, sitA 
IncN, IncX1.1, IncX1.2, 
IncY 

aac-6(Ib7), aph-6
(Id), qnrS1, blaTEM-95, 
dfrA14, mef-B, sul3, 
tetA 

Commensal 

ST2067/B1 
terC-5, terC-23, lpfA, gad-, hra-11, iss-3, ompT-147, ompT-, 
sitA 

  Commensal 

ST297/B1 terC-5, terC-23, lpfA, gad-, iss-3, ompT-8, ompT-, sitA IncFIC_FII, IncFIB Commensal 

ST206/A terC-5, terC-23, gad- IncFIB-pHCM2 
aac-6(Ib7), qnrB7, 
aadA5, dfrA17, sul2 

Commensal 

ST7483/B1(n=5) terC-5, terC-23, lpfA, gad-, astA-4, iroN-3   tetR, tetB Commensal 

 ST-EAEC, Shiga toxin/Enteroaggregative E. coli; ETEC, Enterotoxigenic E. coli; EAEC, Enteroaggregative E. coli; APEC, Avian Pathogenic E. 
coli; aEPEC, atypical Enteropathogenic E. coli. 
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(Salgado-Caxito et al., 2020), although, none of the 
epidemic STs detected in this study carried ESBL genes. 
     Nevertheless, the E. coli phylogroup structure A 
(n=8,25.0%) and B1 (n=21,67.74%) agree with the 
previous report of Vega-Manriquez and colleagues who 
reported a similar pattern of phylogroup A (n=5) and B1 
(n=21) in E. coli strains isolated from dogs (Vega-
Manriquez et al., 2020). The clustering of diarrheagenic 
E. coli in phylogroups A, B1, and E indicates diarrhea 
association (Clermont et al., 2011) implying that these 
organisms can cause in the healthy pet dogs and even 
infect the pet owners. 
  The detection of highly infectious and pathogenic 
strains of ETEC, EAEC, ST-EAEC, aEPEC, and APEC strains 
was worrying because these strains, especially aEPEC 
have been attributed to diarrhea in dogs (Puño-
Sarmiento et al., 2013). EPEC virulence markers (typical 
or atypical) lead to diarrhea complications as they are 
differential diagnostic markers in dogs with enteric 
infections (Kjaergaard et al., 2016). ST-EAEC, cryptic E. 
coli that harbored stx1B, enterohemolysin ehxA, hilA-
homologue eilA, and toxigenic sta1 genes, are 
predictors for bloody diarrhea and hemolytic uremic 
syndrome in STEC infections (hua et al., 2021). Even 
though in Nigeria, there is a rarity of information on the 
incidence of STEC in dogs; PCR characterization of STEC 
genes retrieved from human clinical samples (Olowe et 
al., 2015) showed a moderate prevalence of stx1 
(13.9%), stx2 (6.9%) and hlyA (2.0%). Therefore, given 
the opportunity of exposure, ST-EAEC acquisition by 
humans from dogs is possible. 

  The pathogenicity island, PAI O-122 (lifA/efa-1 and 
nleA-E), present in some strains showed that the 
strains can cause severe diarrhea in children (Mercado 
et al., 2016). These strains possibly progressed through 
enforcing maintenance in their host (Doumith et al., 
2012) and then acquired virulence factors to emerge as 
new E. coli subtypes. Feng et al. (1988) already showed 
evidence of genetic re-arrangements of a novel 
assortment of E. coli virulence genes in EHEC. A key 
study limitation is that the number of E. coli isolates 
obtained and sequenced was small to generalize the 
evolution of novel E. coli strains in apparently healthy 
pet dogs. Additional studies are needed to examine the 
specific mechanism(s) that could be responsible for the 
evolution of new pathogenic subtypes especially in 
healthy pet animals. 

Conclusions 

The possible exposure to distinct E. coli pathogenic 
lineages in fecal materials of healthy dog by humans 
poses a risk of disease spread from pets to humans. 
The delineation of the strains into specific lineages 
afforded by the whole genome sequencing further 

revealed the co-incidence of antimicrobial resistance 
genes and mobile genetic elements such as plasmids. 
Therefore, pet owners are strongly advised to handle 
fecal samples from their household dogs with care to 
minimize the risk of the environmental spread of 
infections and diseases. Antimicrobial surveillance 
systems should be expanded to incorporate healthy pet 
dogs to reduce the chance of disease spread between 
pets and their owners. 
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