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Abstract | The cattle business incurs significant financial losses due to reduced productivity and increased veterinary
expenses resulting from Escherichia coli, a common bacterial pathogen that causes diarrhea in calves. Therefore, the
purpose of this work was to use the 768 rRNA gene, the VITEK2 system, biochemical assays, and microbiological
methods to molecularly detect certain virulence factors of E. coli isolated from intestinal infections in calves. Between
October 2024 and February 2025, a total of 75 rectal swab samples were taken from diarrheal calves from various farms
in the Babylon district. Of these, 60 (80%) were male and 15 (20%) were female, and the calves ranged in age from one
day to three months. Of the 75 samples, 70 (93.3%) exhibited positive bacterial growth, and 5 (6.6%) showed negative
bacterial growth. Of the positive bacterial growth, 20 (28.5%) were Gram-positive bacteria, while the remaining 50
(71.4%) were Gram-negative bacteria. Escherichia coli was detected in 30/70 (42.8%) of bacterial isolates from both
sexes, primarily in individuals aged 1-30 days. Out of 30/70 (42.8%) E. coli isolates, 30/30 (100%) had the 16S
rRNA gene, as confirmed by the study’s molecular data, which verified the bacterium’s identity at the molecular level.
Although other NCD risk factors may influence disease outcome, our data indicate that several adhesins and toxin
genes were identified, suggesting that E. coli from calves’ feces exhibited extraintestinal and diarrheagenic profiles.
The findings indicated a correlation between diarrhea and the prevalence of E. coli overall. Regardless of the type
of diarrheal infection, the F5 (K5) gene was the most commonly found virulence factor in E. coli, detected in 20/30
(66.6%) of samples in the 1-7-day age range, according to PCR data. The heat-labile enterotoxins LT-II and LT-I
genes showed weakly represented involvement of 2/30 (6.67%) and 1/30 (3.3%), respectively, whereas the results
showed 15/30 (50%) for F17. Heat-stable enterotoxins ST-a and ST-b were not found.
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INTRODUCTION infectious factors contribute to the development of NCDs.
According to Aditya e al. (2023), rotavirus, coronavirus,

Calf scours, also known as neonatal calf diarrhea (NCD),  bacteria (E. coli K99, Clostridium perfringens type C, and
is a common illness that affects newborn calves. Calf  Sa/monella spp.), and parasites (Cryptosporidia and coccidia)
scours can happen anywhere from the first few hours of can exist alone or in combination. Furthermore, scours
life to six weeks, depending on the cause. A variety of outbreaks can frequently be caused by a combination of
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factors, including inadequate nutrition of the pregnant
dam, especially during the last third of gestation, neglect
of the newborn calf, including insufficient quantity and/
or quality of colostrum, exposure to harsh environments,
overcrowding, and poor sanitation in the calving area, or a
combination of these factors (Rathor ez a/., 2021).

The most significant bacterial cause of newborn calf
diarrthea (NCD) is Escherichia coli. Enterotoxigenic E. coli
(ETEC), Shiga toxigenic E. coli (STEC), Enteropathogenic
E. coli (EPEC), and Enterobemorrbagic E. coli (EHEC) are
among the strains of E. co/i that cause noncommunicable
diseases. One of the primary causes of NCDs is ETEC
strains, such as K99 (F5), F41, the F17 family, and STa,
which cause diarrhea through the action of their toxins and
fimbriae. Additionally, the pathogenic potential of ETEC
strains is correlated with the age of the calves. Newborn
animals under one week old are more susceptible to ETEC

strains (Algamma ez a/., 2020; Mohsen ez al., 2024).

Both heat-labile (L7) and heat-stable (ST). Stable (§7x
and §7%) enterotoxins can colonize bacteria in the small
intestines thanks to the attachment of bacteria to epithelial
surfaces mediated by fimbrial adhesins (F5, F17,and F41).
'The toxins stimulate the secretion of fluids and electrolytes
from intestinal epithelial cells, which ultimately leads to

diarrhea (Kolenda ez a/., 2015).
'The aim of this study was to use the 768 rRNA gene, the
VITEK2 system, biochemical assays, and microbiological

methods to detect certain virulence factors of E. co/i isolated
from intestinal infections in calves.

MATERIALS AND METHODS

SPECIMENS COLLECTING AND PROCESSING
A total of 75 rectal swabs were taken from diarrheal calves

Table 1: Conditions and sequence of primers.

on various farms in the Babylon Governorate between
October 2024 and February 2025. A sterile swab from
the locations of diarrheal infections was then promptly
submitted to the College of Veterinary Medicine’s
Advanced Microbiology Laboratory at Al-Qasim Green
University in Iraq. After being sterilized at 121 °C for 15
minutes and incubated at 37 °C for 24 hours, the samples
were cultivated on Eosin Methylene Blue, Blood Agar,
MacConkey Agar, Brain Heart Broth, Nutrient Agar, and
S.S. Agar.The pH was set to 7.'The petri dish was incubated
at 37°C overnight. Additionally, no growth was observed
after two days of incubation. Following the isolation of
bacterial samples, the morphology and Gram reaction
were assessed by microscopic examination using Gram
staining. Biochemical tests such as catalase and Oxidase
assessments were then used to identify the bacteria (Forbes
et al.,2007; McFadden, 2000; Abed e al.,2024). According
to the manufacturer’s instructions, the VITEK2 system
(bioMérieux, Paris, France) is used to confirm the identity

of D-GNB cards.

DNA exTRACTION AND PCR AssAy

Using a commercial total genomic DNA extraction kit (the
G-spin™ Genomic DNA Extraction Kit (Intron, Korea)),
the total genomic DNA of 30 isolates of E. co/i was extracted
following an overnight liquid growth of this pathogen
(Mosa ez al.,2022). The extraction was performed according
to the manufacturer’s instructions. Using deep-freezing
equipment, the nucleic acid was maintained at -20°C. The
PCR technique was then used to test and identify every
gene listed in Table 1. After staining the gel with 0.5 pg/ml
RedSafe™ nucleic acid dye, electrophoresis was performed
at 90 V for 45 minutes using the gel document system
(Cleaver, United Kingdom) to examine and separate the
migration of PCR products on a 0.7% agarose gel (iNtRoN,
Biotech Inc., Korea). Utilizing a UV transilluminator set at

320 nm, DNA bands were visualized.

Species Gene Primer 5'-3' Anneal- PCR  Accession  Reference
name ing (°C) product number
E.coli F5 F5-1F CCAGGCCCCGCAGTAATGACTGC 58 (°C)/30 278 bp M35282.1  Picco e al., 2015
F5-1R  CCACCATTAGAGGAGGCGCGG g
F17  F17-2F GGGCTGACAGAGGAGGTGGGC 58 (°C)/30 411bp L14319.1  Picco et al.,2015
F17-2R  CCCGGGCACACTTCATCACGG sec
Sta Sta-1F ATTTTTATTTTCTGTATTGCTTT 58 (°C)/30 176 bp MF955844.1 Picco et al., 2015
Sta-1R GGATTACAACACAGTTCACAGCAT  sec
8Th  STb-2F ATGCCATTTCTCTTGTCATC 58 (°C)/30 175 bp 0Q615950.1 Picco et al., 2015
STb-2R GGGCGCCAAAGTACGTCTC sec
LTI ILTI-1F CCGAATTCGTGTATATAGTGC 58 (°C)/30 708 bp MN414477.1 Picco et al., 2015
LTI-1IR GGGCAGACATATGTATGGGA HE
L7T-II LTII-2F ACGGCGTTATCCTCTCTCTC 58 (°C)/30 274bp AF242418.1 Rodas et al., 2009

LTII-2R TGGTCGCGTGACAGTATGTG
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RESULTS

A total of 75 rectal swab samples were collected
from diarrheic calves across various farms in Babylon
Governorate. Out of these, 70 samples (93.3%) exhibited
positive bacterial growth, while 5 samples (6.66%) were
negative. Among the positive cultures, 50 isolates (71.4%)
were identified as Gram-negative bacteria, while 20 isolates
(28.5%) were Gram-positive.

The amount of E. co/i present was higher in the calves
with an infection rate. It was detected in 30/70 (42.8%)
bacterial isolates of the fecal samples based on culture
characteristics, biochemical tests, and confirmation by the
VITEK2 system, with age groups (1-30 days) for both
sexes. Molecular data from this study revealed that out of
70 E. coli isolates, 168 rRNA gene sequencing (Figure 1)
confirmed the identity of the bacterium at the molecular

level in 30/70 (42.8%) isolates.

g1

1112 1314 15

Figure 1: The PCR product of 16S rRNA gene in 1-2%

agarose gels electrophoresis for 30 E. co/i.

Figure 2: The PCR product of the F5 gene in 1-2% agarose
gels electrophoresis for 30 isolates of E. coli.

PCR data revealed a high rate of the F5 (k55) gene
involved 20/30(66.6) isolates of E. co/i neonatal calves in
the age group (1-7 days), which had a higher infection
rate, as shown in Figure 2. Results observed 15/30 (50%)
for the F17 gene, as shown in Figure 3. In contrast, the
heat-labile enterotoxins LT-II and LT-I genes revealed
a low rate of involvement, with 2/30 (6.67%) and 1/30
(3.3%), respectively, as shown in Figure 4 and 5. There

were no detectable heat-stable enterotoxins $7~a and S7-

4. Current results observed a close correlation between the
prevalence rates of ETEC target virulence genes in E. co/i
and the age of infected and healthy calves, there were F5
(k55) gene high in diarrheic neonates (Table 2) (<1 week
old); low in healthy calves strongly age-dependent, and
F17 gene common in both diarrheic and healthy calves,
broader age range, significance for diarrhea often depends
on co-expressed toxins.

Figure 3: The PCR product of the F17 gene in 1-2%

agarose gels electrophoresis for 30 E. co/i isolates.

Figure 4: The PCR product of the LT-1 gene in 1-2%

agarose gels electrophoresis for 30 E. co/i isolates.

Figure 5: The PCR product of the LT-1l gene in 1-2%

agarose gels electrophoresis.
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Table 2: Summary of prevalence ranges and associations for target ETEC virulence genes in E. co/i from calves.

Virulence Prevalence range in Prevalence range in

gene/ Com- diarrheic calves (%) healthy calves (%)

bination

F5(K99) 0.6 - 50 (Meta-analysis: 0 - 2.3 (Meta-analysis:
12.9) 2.3)

F17 4.8 - 41 (Meta-analysis: 0 - 43.3 (Meta-analy-
31.6) sis: 27.1)

LTI 0 - 28 (as % of total 0 - 2.8 (Meta-analysis:
ETEC, e.g., Iran); (Me-  2.8)
ta-analysis: 3.8 overall)

LTI 8.3-19.9 Limited comparative

data

S§Ta 0.3 - 25 (Meta-analysis: 0.3 - 0.6 (Meta-analy-
7.0-7.9) sis: 0.3 - 0.6)

S§Th Generally low/not detect- Limited comparative
ed; one report of 23.5% in data
a specific combo (Egypt)

F5+8Tn  e.g.,14.1% of total isolates Rare
in one Iranian study were
F5+F41+STa

F17 + 8Ta/ Variable (e.g., F17+STa  Variable

LT 7.7% in Argentina)

LT+ F5/  Variable (e.g., up to 100% Limited data

F41 of ETEC in one Iranian
study were LT+F5)

DISCUSSION

The high morbidity and mortality rates among young
calves, as well as the economic effects of the condition,
make neonatal calf diarrhea (NCD) a significant concern
in livestock production. One of the most prevalent
infections linked to diarrhea in calves, Escherichia coli, has
been shown to cause significant morbidity and fatality
rates globally. However, surprisingly little research has
been done to assess the connection between calf diarrhea
and E. coli Hur ef al. (2013). Escherichia coli was identified
in areas with a higher infection rate in the current study.
'The prevalence of E. coli 30/70 (42.8%) among bacterial
isolates was analyzed by age group (1-30 days) for both
sexes, and the possibility of associations between E. coli
and diarrhea, as well as age groups, was investigated. The
isolation results obtained in this study were comparable to
those reported in numerous previous studies (Ull, 2022;
Gamsjiger ez al., 2021). Furthermore, this study provides
significant new insights into E. co/i as a causal agent and its
connection to the pathophysiology of calves’ diarrhea, with

Key regions/studies for
notable prevalence

Notes (e.g. ,age association,
significance)

India (high), Iran (high
in ETEC), Meta-analysis

(moderate)

Strongly associated with diarrhea
in calves <1 week old. Prevalence
may be declining over time.

Uruguay, Korea, Argentina Common in both diarrheic and

(high); Meta-analysis (high) healthy calves; broader age range
than F5. The significance of diar-
rhea depends on the co-expressed
toxin variants.

Iran, Egypt (regionally high
in ETEC)

Broadline prevalence is not con-
sistently associated with diarrhea in
broad comparative data.

Brazil (notably prevalent)  Appears to be more consistently
reported in South American

studies.

Meta-analysis (moderate,
significant association with
diarrhea); Iran (high in
ETEC)

Egypt

Significant association with diar-
rhea, especially with F5. Prevalence
may be increasing over time.

Primarily a porcine toxin; minor

role in typical calf ETEC.

Widely reported as typical Highly indicative of ETEC diar-

ETEC rhea in young calves.

Argentina Suggestive of ETEC if toxin is
present.

Iran (regionally high Indicates specific ETEC lineages.

LT+F5)

findings that align with those of earlier studies (Klein-
Jobstl ef al., 2019; Croxen ez al., 2013).

The current findings for the particular identification of
virulence genes showed a high rate of 20/30 (66.6%) for
F5 (K99) and 15/30 (50%) for F17. These high rates could
represent a significant contribution to infection. K99 or
F35, facilitating bacterial adherence to intestinal epithelial
cells, fimbrial adhesion contributes to the colonization of
the small intestine epithelial cells of neonatal calves. In
addition to reporting that the majority of bovine ETEC
produce K99 fimbriae (Pourtaghi ez /., 2013), they verified
the strong association between enterotoxigenicity and the
presence of the K99 antigen.

'The current findings concurred with those of other studies
by Oztriirk ef al. (2024) and Ryu ez al. (2020), which
demonstrated that both F5 and F77 are the most prevalent
and important E7TEC adhesins and have the strongest
correlation with the presence of diarrhea. Some ETEC
have multiple types of fimbriae, and F5 can be isolated

2025 | Volume 13 | Special Issue 1 | Page 520

oo} Links
**@Researchers



OPENaACCESS

Journal of Animal Health and Production

from a single diarrheal calf these findings aligned with
those of the current investigation (Cengiz ez al., 2020).
Calves affected by this condition are typically between 1
and 7 days old, with the majority of occurrences occurring
in calves younger than 5 days old. According to Kolenda ez
al. (2015), calves are particularly vulnerable to F17 and F5
ETEC within the first 48 hours of their lives, after which
they begin to develop resistance to the organism. ETEC
F5 (formerly K99) and F17 fimbriae, as well as S7" and
LT toxins, are substantially linked to newborn calf diarrhea
(NCD). One of the leading causes of NCDs has been
identified as ETEC. The F17 family is the most prevalent
virulence factor (24%), according to studies by Umpierrez
et al. (2016), which disagree with our current findings.
Only one virulence factor, /77, was detected in 21 calves
(18.2%) the incidence rate.

LT-II and LT-II, two more genes related to heat-labile
enterotoxins, were found to be weakly represented in the
current study at 2/30 (6.67%) and 1/30 (3.3%), respectively.
A heat-sensitive enterotoxin, referred to as LT (LT-II, LT-
1), is produced by E. co/i and may become inactive when
exposed to heat (Josune et al., 2025). It results in watery
diarrhea in enterotoxigenic E. co/i (ETEC) infections.
Additionally, our findings align with those of multiple
investigations by Picco ¢z al. (2015) and Umpiérrez ez al.
(2016), which demonstrated a notable decrease in the
genes encoding heat-labile E7EC toxins.

E. coli produces heat-stable enterotoxins A (STa) and B
(STb) strains that induce diarrhea in neonatal calves. To
assist ETEC colonize the small intestine, evade the immune
system, and induce an inflammatory reaction, $7z and
§Tbh work in tandem with K99 fimbriae pathophysiology
of enterotoxigenic Escherichia coli (ETEC), which causes
neonatal animals to have severe diarrhea (Sheikh ez al,
2022; Mahmood ez al., 2020). The current results did not
reveal the presence of heat-stable enterotoxins $7-a and
§T-b. However, previous research revealed that the sole
enterotoxin gene found was st, and neither It nor stb genes
were found in any of the analyzed strains. These results
are consistent with those of Nagy and Fekete (2005),
who found that human and porcine ETEC strains are
the leading producers of the LT and STb enterotoxins. In
contrast, porcine and bovine ETEC strains generate the
874 enterotoxin.

In neonatal calves, $7% is more important, but in post-
weaning animals, §7% is more virulent. ETEC strains
generate heat-stable enterotoxins (S§7a, §7%) and heat-
labile enterotoxins (L7), which cause diarrhea by depleting
electrolytes and water. The density of §7u receptors has been
found to vary along the vertical axis of the small intestine
(villus/crypt unit) in most mammals. They discovered that
the enterocytes in the proximal villus region of the intestinal

tract have the highest amount of §7& receptors (Krause
et al., 1990). ETEC strains that produce heat-stable toxin
(ST), either alone or in combination with heat-labile toxin
(LT), appear to cause the most severe illness, according to
epidemiological data. Immunity is not anticipated to be
involved in protecting newborn calves from this diarrheal
illness because S$7x has a tiny molecular mass (2 kDa) and
is not immunogenic (Turner ez a/., 2006).

CONCLUSIONS

'This study confirms that Escherichia coli, particularly strains
harboring F5 and F17 virulence genes, plays a significant
role in neonatal calf diarrhea. Molecular detection
highlighted a high prevalence of /5 among calves under
one week old. Effective monitoring and control strategies
are crucial for reducing ETEC-related infections and
associated economic losses.
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