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Abstract

Escherichia coli is an important cause of diarrhea in calves and has negative economic effects on the livestock
industry worldwide due to high mortality and reduced growth rate. The present study was aimed to investigate
the prevalence of E. coli in 120 fecal samples from diarrheic mixed-sex neonatal calves, molecular detection
of virulence genes, and antimicrobial resistance testing. The high occurrence of E. coli (90/120; 75%) was
detected in diarrheic calves. The molecular detection of virulence genes (iron, papC, astA, iutA, ompT, hyl and
iuc) showed that the high occurrence of astA (78.8%), iucD (66.6%), and papC (64.4%) genes in examined
strains, while only 19 strains devoid of virulence genes. Furthermore, antimicrobial susceptibility testing of E.
coli isolates showed absolute resistance to ampicillin (100%), followed by streptomycin (95.5%), tetracycline,
sulfonamides, gentamycin and chloramphenicol (77.7% each). In the other hand, strains revealed high rates of
susceptibility to ciprofloxacin (80%) and enrofloxacin (77.8%). The multidrug-resistant (MDR) E. coli strains
were determined as 77.7% (70/90) and the most identified antimicrobial resistance patterns in 31 strains was
C, S, CN, N, TET, AM, SXT. Also, the identified antibiotypes had MAR index values ranged from 0.1 to 0.9.
The results of current study indicate the importance of routine monitoring of E. coli isolated from diarrhetic
calves to reduce the transmission to humans and animals as well as to select the most appropriate antibiotics.
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INTRODUCTION

Since it is associated with high mortality and considerable
economic losses, Escherichia coli induced calf diarrhea is one of
the most economically significant problems. This sickness may
be fatal in complicated untreated calves because it causes severe
mucoid diarrhea, dehydration, and rapid weight loss (Galal et al.,
2013; Cho and Yoon, 2014), A member of the Enterobacteriaceae
family, E. coli is a Gram negative, facultatively anaerobic bacteri-
um. It has a rod-shaped, flagellated, and non-sporulating mor-
phology. Based on the virulence of the bacteria and the clinical
signs that the host experiences, there are six main categories of
E. coli strains: enteropathogenic E. coli (EPEC), enterotoxigenic E.
coli (ETEC), enterohaemorrhagic E. coli (EHEC), Shiga toxin-pro-
ducing E. coli (STEC), enteroinvasive E. coli (EIEC), enteroaggrega-
tive E. coli (Xia et al., 2010). The frequency of colibacillosis varies
from 5.4 to 100%, and it is roughly predicted that 20% of calves
dying from the disease might result in a 40% reduction in net
profit. The pathogenicity of each species, which varies progres-
sively with virulence factors, provides the basis for the diagnosis.
Rate of virulence factor change considered as a warning about
the endemic instance of the infection with a subsequent recom-
mendation for exclusion from the afflicted area (Badouei et al.,
2010). E. coli pathogenicity genes, such as the iutA, iucD, iron,
papC, hylF, ompT, and astA genes, have been related to diarrhea
in both humans and animals (Frohlicher et al., 2008; Huehn et

The antibiograms in our study emphasizes the risks associated with the random use of antibiotics.
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al, 2010). In contrast to E. coli isolated from cows, ompT, hlyF,
(utA, and iss were more frequently identified in E. coli isolated
from calves (Mihailovskaya et al., 2022). The ability of bacteria to
connect to host cells is a requirement for bacterial infections to
populate the body. The term "tissue tropism” refers to the precise
interaction in this phenomenon between the target receptors
and the surface of a specific tissue (Klemm et al., 2010).

The process of specific adhesion heavily depends on a va-
riety of surface properties. The three main groups of adhesins
are fmbriae, afmbrial adhesins (Afa), and outer membrane pro-
teins (OMPs) (Lindberg et al., 2008). By bringing the bacteria into
close contact with the host cell wall, surface adhesin expression
improves the pathogenicity of E. coli. Most of the genes that
control whether fmbriae are present on the surface of bacterial
cells are encoded on chromosomes or, less frequently, in plasmid
DNA. Different bacterial adhesins have been modified to occupy
a particular niche. Among isolates from UTI patients, S fmbrial
adhesins (sfa), F1C ("pseudotype 1") fmbriae (foc), coding P like
pili, papC, and lha (iha) are the adhesins that are most frequently
found (Hagan and Mobley, 2007).

E. coli strains with increased antibiotic resistance have be-
come widespread worldwide in recent decades (de Been et al,
2014). The primary cause of the widespread antimicrobial re-
sistance in agricultural animals is thought to be the overuse of
antibiotics in illness prevention, disease treatment, and animal
growth promotion. The consumption of these animals’ milk or
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meat products can pass antimicrobial resistance genes to human.
The majority of the resistant germs that contaminate other foods
and the environment come from humans and animals )Adzitey
et al, 2021). According to several studies, using antibiotics can
reduce animal mortality to 10% from 75% in untreated animals
(Wray and Davies, 2000). Although its use is only justified in bac-
terial infections that progress toward a systemic disease, veter-
inary surgeons nevertheless frequently utilize antimicrobials to
treat neonatal calf diarrhea recurrence, Restrictions on the use of
antimicrobials in veterinary practice have been put in place be-
cause the indiscriminate use of antibiotics for treating diarrheal
calves raises the potential for the development of resistance. The
virulence and genetic structure of E. coli isolated from calves in
Egypt's large production system have been the subject of sever-
al research (Awadallah et al., 2016). However, there is little data
from calves raised in Egypt using an intensive production strat-
egy. The prevalence and antibiotic resistance profile of E. coli in
humans, food animals, and the environment are also unknown,
and there is no routine monitoring of antimicrobial resistance.
Determining the virulence and antibiotic resistance characteris-
tics of E. coli strains linked to diarrhea in calves at Egyptian dairy
farms was the aim of this study.

MATERIALS AND METHODS

Ethical approval

This study was ethically approved by Research Ethics Com-
mittee of the Faculty of Veterinary Medicine, Mansoura Universi-
ty, Egypt (Code No: M/30).

Sampling and clinical examination

A total of 120 fecal samples were taken from neonatal mixed-
sex calves aged under one month old in September 2020 from
farm | (n=50) located in Kafr-Saad, Damietta province and in Sep-
tember 2021 from farm Il (n=70) located in El-Dakahlia province
at calving season . The fecal samples were collected after the
onset of diarrhea on calves and before beginning of the med-
ical plan. The fecal samples were obtained, stored in ice packs
in sterile bags, and then transported right away to the lab for
bacteriological investigation.

Clinical observation and examination of ill calves revealed

widespread watery and mucoid diarrhea along with varying
degrees of dehydration indicated by sunk eyes, decreased skin
elasticity, cold extremities, and immobility. All affected calves
displayed depression, tachycardia, tachypnea, and rough coats.
Some animals showed systemic responses.

Isolation and identification of E. coli

The fecal samples were added to MacConkey's broth (Oxoid,
UK), where they were then cultured for 24 hours at 37°C, after be-
ing subcultured into eosin methylene blue (EMB) (Oxoid, India),
the enriched broth was incubated at 37°C for 24 hours.

Biochemical tests (oxidase, catalase, urease, indole, methyl
Red, Voges-Praskauer, and citrate utilization tests) were used to
identify the hypothesized typical E. coli colonies that had the ap-
pearance of bright metallic green sheen colonies in accordance
with Koneman et al. (1983).

DNA extraction and PCR conditions

Using appropriate primers (Metabion, Germany) and PCR
conditions, all isolates were submitted to confirmatory poly-
merase chain reaction (PCR) identification of pathogenic E. coli
(16S rRNA gene) and certain virulence genes (iron, papC, astA,
(utA, ompT, hyl, and iuc) (Table 1). According to Shah et al. (2009),
the lysate boiling technique was employed to extract the bacteri-
al DNA. The PCR reactions were carried out in 50 pl PCR reaction
with a final volume of 50 pl of PCR water, 5 pl of DNA template,
1 pl of each primer (0.5 M), and 25 pl of 2x multiplex master
mix (Takara). The electrophoresis of amplified DNA products on
a 1.5% agarose gel was followed by ethidium bromide staining
and UV detection.

Antimicrobial susceptibility test

In accordance with the recommendations of the Clinical
and Laboratory Standards Institute (CLSI, 2019), disk diffusion
was used to evaluate the antimicrobial susceptibility of all E. coli
isolates against 11 antimicrobial discs (2020).The tested antimi-
crobial discs (Oxoid, UK) contained the following medications:
tetracycline (TET; 30), chloramphenicol (C; 30), amoxicillin/clavu-
lanic acid (AMGC; 30), streptomycin (S; 10), enrofloxacin (ENR; 5),
sulfamethoxazole/trimethoprim (SXT; 25), gentamicin (CN; 10p),

Table 1. Primer sequences, target genes and amplified segments with PCR condition.

Primary

Secondary

Final Number Amplicon

Gene Primer Sequence denaturation denaturation Annealing  Extension extension of cycles  size (bp) Reference
16S rRNA F: GACCTCGGTTTAGTTCACAGA. 95°C for5 94°Cforl 58forl 535 Van Bost
R: CACACGCTGACGCTGACCA minutes minute minute et al (2003)
i F: GGCTGGACATCATGGGAACTG 300 Ewers et al.
w R: CGTCGGGAACGGGTAGAATCG (2005)
c F: TGATATCACGCAGTCAGTAGC so1
pap R: CCGGCCATATTCACATAA
iueD F: ACAAAAAGTTCTATCGCTTCC 114
R: CCTGATCCAGATGATGCTC 72°C for 1 72°C for 35 Chapman et al
T F: TCATCCCGGAAGCCTCCCTCACTACTAT ~ 94°C for4 94°C for30 60 for 1 ~ minute 7 minutes 496 (2006)
omp R: TAGCGTTTGCTGCACTGGCTTCTGATAC  minutes  seconds  minute
ron F: AATCCGGCAAAGAGACGAACCGCCT 553
! R: GTTCGGGCAACCCCTGCTTTGACTTT
i F:GGCCACAGTCGTTTAGGGTGCTTACC 450 Piva et al.
Y R:GGCGGTTTAGGCATTCCGATACTCAG (2003).
asiA F:TGCCATCAACACAGTATATCC 116 Chapman et
R:TCAGGTCGCGAGTGACGGC al. (2006)
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neomycin (N; 30p); ciprofloxacin (CIP; 5u), and polymyxin (PB;
300IU). According to the zone diameter interpretation guidelines
advised by CLSI (2020), the strains were classified as susceptible,
intermediate, or resistant. The strains were referred to as multi
drug resistant (MDR) isolates if they were resistant to three or
more antibiotic classes (Lee et al,, 2009). Using the formula pro-
vided by (Singh et al. ,2010) the multiple antibiotic resistances
(MARs) index for each resistant pattern is determined. MAR in-
dex = Number of resistant antibiotics/Total number of antibiot-
ics tested (isolates classified as intermediate based on inhibition
zone were considered as sensitive for MAR index).

Statistical analysis

The description of antibacterial patterns was done using the
statistical program SPSS 20. The statistical program SPSS version
20 was used to compare the rates of antibiotic resistance be-
tween E. coli with virulence genes and E. coli without virulence
genes using Pearson’s Chi-squared (x 2) tests. For comparisons,
P0.05 was regarded as statistically significant (de Verdier et al,
2012).

RESULTS
Prevalence of pathogenic E. coli

Out of 120 examined diarrheic calves’ samples, 90 (75%)

were identified as pathogenic E. coli based on their morpholo-
gy, biochemical and molecular characteristics. The bacteria were
visible under a microscope as rod-shaped, motile, Gram-nega-
tive, non-sporulated organisms of a medium size. On EMB agar,
the bacteria flourished and produced colonies with a distinctive
metallic sheen. All isolates tested positive for the biochemical as-
say's catalase, indole, and methyl-red. The tests for cytochrome
oxidase, Voges-Proskauer, citrate utilization, and urease were all
negative at the same time. The 16S rRNA gene was present in all
isolates, according to the molecular analysis. In terms of where
the farms were, bacteriological testing revealed that farm | had a
60% (30/50) prevalence of E. coli in diarrheic calves while farm I
had an 85.7% (60/70) prevalence.

Virulotyping in E. coli strains

Multiplex PCR of virulence genes in all E. coli strains showed
that E. coli isolates had various virulence genes (Figure 1). The re-
sults revealed the high occurrence of astA, iucD, and papC genes
in examined strains. The astA gene was detected in 78.8% (71/90)
of E. coli strains, followed by iucD gene 66.6% (60/90), papC gene
64.4% (58/90), iron 56.6% (51/90), hlyF 55.5% (50/90), iutA and
ompT (50%; 45/90 each). Forty-five strains carried all examined
virulence genes, while only 19 strains devoid of virulence genes.

Two strains had astA and iucD genes. Six strains contain astA,
iucD, papC, iron, hlyF gene, seven strains had astA, iucD, and
papC gene, and ten strains had astA gene.

Figure 1. Agarose gel electrophoresis showing amplified PCR-products of various virulence genes of E.-coli strains. A: Amplification of iucD-gene at 714 bp, lane
1,2,3,4,6,7,8,10,11,12: positive samples; B: Amplification of 4/yF gene at 450 bp,-lane-2,3,4,6,9.14:-positive samples; C: Amplification of E.-coli papC gene at 501
bp, lanel-3,6-9,11-13: positive samples; D: Amplification of iutA gene at 302bp, lanel-5,7-14: positive samples; E: Amplification of ompT gene at 496 bp, lanel-
3,5,7,8,10,11,13,14: positive samples; F: Amplification of iron gene at 535 bp,-lanel-3,5,6,9: positive samples; G: Amplification of astA gene at 116 bp, lane 1-9:

positive samples.
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Antibiogram results

The results of examination for all E. coli strains (n=90) against
eleven antimicrobial agents from 7 different classes by disc dif-
fusion method showed complete resistance to ampicillin (100%)
(Table 2). Also, the strains showed high rates of resistance to
streptomycin (95.5%), followed by tetracycline, sulfonamides,
gentamycin and chloramphenicol (77.7% each). In the other hand,
strains revealed high rates of susceptibility to ciprofloxacin (80%)
and enrofloxacin (77.8%). Noticeable differences in the number
of E. coli isolates resistant to each antibiotic were found (Figure
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2). Four strains were resistant only to one antibiotic (4.4%), 16
strains were resistant to two antibiotics (17.7%), 18 strains (20%)
were resistant to six antibiotics,31strains (34.4%) were resistant
to seven antibiotics, 10 strains (11.11%) were resistant to eight
antibiotics, 11 strains (12.22%) were resistant to nine antibiotics.
The multidrug-resistant (MDR) E. coli strains were determined as
77.7% (70/90) and the most identified antimicrobial resistance
patterns in 31 strains was C, S, CN, N, TET, AM, SXT (Table 3).
Additionally, anti-biotypes identified in this study had MAR index
values ranged from 0.1 to 0.9 (Table 3).
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Fig. 2. Antimicrobial sensitivity test results of E. coli strains (n=90) isolated from diarrheic calves against various antimicrobial agents.

Table 2. Antimicrobial sensitivity test results of E. coli isolates from diarrheic calves (n=90).

Antimicrobial agent Antimicrobial class Resistant Intermediate Sensitive
Chloramphenicol (C) Chloramphenicol 70(77.7%) 13(14.4%) 7(7.7%)
Streptomycin(S) Aminoglycosides 86(95.5%) 0(0%) 4(4.4%)
Gentamycin (CN) Aminoglycosides 70(77.7%) 13(14.4%) 7(7.7%)
Neomycin (N) Aminoglycosides 52(57.7%) 22(24.4%) 16(17.7%)
Tetracycline (TET) Tetracycline 70(77.7%) 13(14.4%) 7(7.7%)
Amoxicillin (AMC) Beta-lactams 21(23.33%) 11(12.2%) 58(64.4%)
Ampicillin (AM) Beta-lactams 90(100%) 0(0%) 0(0%)
Sulfamethoxazole/trimethoprim (SXT) Sulfonamides 70(77.7%) 13(14.4%) 7(7.7%)
Ciprofloxacin (CIP) Fluoroquinolones 0(0) 18(20%) 72(80%)
Enrofloxacin (ENR) Fluoroquinolones 0(0) 20(20%) 70(77.8%)
Polymyxin B(PB) Polymyxins 11(12.22%) 11(12.2%) 68(75.5%)

Table 3. Antimicrobial resistance profiles of E. coli (n=90) isolated from diarrheic calves.

Pattern Pattern of resistance No. of isolates No of resistant antibiotics MARI
I AM 4 1 0.1
I C, S, CN, N, TET, AM, AMC, SXT 10 8 0.8
I C, S, CN, N, TET, AM, AMC, SXT, PB 11 9 0.9
v S, AM 16 2 0.2
v G, S, CN, TET, AM, SXT 18 6 0.6
VI C, S, CN, N, TET, AM, SXT 31 7 0.7

C: Chloramphenicol; S: Streptomycin; AMC: Amoxicillin; CIP: Ciprofloxacin; SXT: Sulfamethoxazole/trimethoprim; AM: Ampicillin; TET: Tetracycline; ENR: Enrofloxacin; PB: Poly-

myxin; N: Neomycin; CN: Gentamycin.
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DISCUSSION

One of the most prevalent bacterial infections linked to diar-
rhea in calves is E. coli (Osman et al., 2012; Gharieb et al., 2019).
Thus, this study sought to identify the prevalence, pathogenicity,
and antibiotic resistance profiles of E. coli strains that had recent-
ly been identified from diarrheal calves in Egyptian dairy farms.

According to the current study, diarrheal calves had a high
(75%) prevalence of E. coli. This outcome is in line with the earlier
Egyptian study that discovered a high incidence of E. coli (66%) in
diarrheal calves (Abdulgayeid et al., 2015). Also, E. coli was found
(Tarabees et al., 2020) in significant concentrations (95% of diar-
rheal calves in Egypt). In fecal samples, 88.5% of the time, E. coli
was present (Begum et al., 2014). In contrast, a prior study found
that the prevalence of E. coli was lower (40%) in samples from
Egyptian calves (Mousa et al., 2020). However, Luna et al. (2009)
reported that only 18.9% of the tested samples in Austria were
positive for E. coli. The differences in the results may be attributed
to the different geographic regions, stress factors, farm sizes, me-
teorological circumstances, hygiene and management methods,
as well as differences in the number of samples gathered.

Inadequate management techniques and risk factors like
overcrowding and malnutrition, which were thought to be the
main causes of immunosuppression, may be to blame for the
greater frequency of E. coli in early age groups, particularly in
areas where these animals are not raised under intense farming
settings. Additionally, E. coli, a commensal bacterium, causes di-
arrhea in calves, especially those that receive little to no maternal
antibodies through colostrum (Malik et al., 2012), which is com-
mon in areas where milk is mostly used for commercial purposes.

According to numerous early studies, E. coli strains still have
virulence factors that help with tissue invasion and colonization,
which contribute to the development of calf colibacillosis (Deli-
cato et al, 2003; Zaho et al. 2005). Seven virulence genes were
screened for in the current investigation using multiplex PCR
on retrieved E. coli isolates (n=90), and the results showed that
the recovered E. coli strains possess between 2 and 7 virulence
genes, which are assumed to be connected to the pathogene-
sis of pathogenic E. coli. According to our analysis of virulence
genes, the astA gene (78.8%), iucD gene (66.6%), and papC gene
(64.4%) were the most frequently found virulence genes in E.
coli strains, whereas other genes (iron 56.6%, hlyF 55.5%, iutA,
and ompT 50%) reported varying rates. The papC gene is one
of the most important virulence factors in E. coli (Pearce et al.,
2006; Paixao et al., 2016). (Ana Umpiérrez et al., 2020) found the
iucD gene to be the most prevalent virulence gene in Uruguay
(81.3%), which is consistent with our findings. Previously, the hlyF
gene was found in Zimbabwe and Egypt in percentages of 24.4%
and 16.6%, respectively (Mbanga and Nyararai, 2015; Tarabees et
al., 2020). Also, in earlier studies conducted in Russia and Egypt,
the frequency of the iutA gene was found to be 44.9% and 50%,
respectively (Mihailovskaya et al., 2022; Fathy et al., 2019). Fur-
thermore, Mbanga and Nyararai (2015) concluded that 2.2% of
Zimbabweans were infected with the ompT. On the other hand,
no examined E. coli isolates had the iutA gene, according to Mou-
sa et al. (2020). According to Ji Hyoung Ryu et al. (2020), finding
E. coli strains, whether they had virulence factors or not, was not
linked to diarrhea in pre-weaned calves.

Since recent decades, E. coli antibiotic resistance has raised
alarm across the globe. All pathogenic E. coli strains in this in-
vestigation were resistant to three or more families of antibiotics,
and many of the strains were also resistant to most first-line anti-
biotics used in veterinary medicine. Our isolates were remarkably
resistant to ampicillin (100%), streptomycin (95.5%), tetracycline,
sulfonamides, gentamycin and chloramphenicol (77.7% each),
with prophylactic and therapeutic usages in calves with diarrhea,
whereas strains revealed high rates of susceptibility to ciproflox-
acin (80%) and enrofloxacin (77.8%). These findings were in line
with those of Alberto Prieto et al. (2022), who found that a large
proportion of ETEC strains in Spain were concurrently resistant
to tetracyclines, trimethoprim, sulphonamides fluoroquinolones,

and a variety of beta-lactam antibiotics in addition to ampicil-
lin. On the other hand, E. coli isolates obtained from diarrhea
were shown to be resistant to penicillin, streptomycin, tetracy-
cline, lincomycin, and sulfamethoxazole in Iran and to amoxi-
cillin, tetracycline, and cefotaxime in Bangladesh (Ansari et al.,
2014). In addition, the current investigation found that MDR E.
coli strains are quite prevalent (77.7%) (de Verdier et al,, 2012; Lee
et al, 2009). Additionally, a significant incidence of MDR E. coli
isolates (49.6%) was reported by Khawaskar et al. (2022) in India.
MDR E. coli strains were discovered in several reports, and it was
shown that resistance to routinely used antibiotics such ampicil-
lin, amoxicillin, clavulanic acid, oxytetracycline, and streptomycin
in particular had developed (Manna et al., 2006; Wani et al., 2013;
Adiguzel et al., 2018). Excessive use of antibiotics has led to the
emergence of highly pathogenic MDR E. coli strains, which pose a
serious threat to the health of cattle by causing numerous severe
infections and large financial losses in the production of livestock.
Additionally, the development of strains that are resistant to pen-
icillins, cephalosporins, and carbapenems signals a public health
emergency and emphasizes the challenging nature of treating
infections brought on by these strains. The proper application of
antimicrobial agents in the veterinary and health fields, as well
as the regular use of antimicrobial susceptibility testing, are also
advised.

CONCLUSION

The current investigation showed that virulent and MDR E.
coli strains isolated from diarrheal calves are very common in
Egyptian dairy farms. Additionally, the rise of MDR E. coli strains
has been linked to the abuse of antibiotics in veterinary medi-
cine, which could be dangerous for the public’s health. Therefore,
to reduce the monetary losses brought on by antibiotic-resistant
strains in animals as well as the zoonotic danger, antimicrobial
resistance must be continuously monitored in both human and
veterinary medicine.
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