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ABSTRACT

Background: Calf diarrhea is a common cause of pre-weaning morbidity and mortality in
cattle within livestock operations.

Objectives: The primary aims of our study were to determine the prevalence and occurrence
rate of genes that encode virulence factors (virotypes) in Escherichia coli strains isolated
from calves with diarrhea.

Methods: Rectal swabs were collected from 156 calves exhibiting diarrhea, representing 12
distinct dairy farms located across five provinces in Iran. Through polymerase chain reaction
(PCR) analysis, the E. coli isolates were evaluated for the presence of various virulence
genes, including /4, 13, 16, f41, f17, cfa/1, sta, and It.

Results: Approximately 78.84% of isolates were found to be positive for at least one of the
virulence genes. The highest frequency, at 76.28%, was related to the sta virotype. Most
isolates analyzed had a single gene, and no combination of fimbrial and enterotoxin genes
was found to be predominant.

Conclusion: These findings underscore the importance of monitoring and understanding
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Introduction

nterotoxigenic Escherichia coli (ETEC) is

a significant pathogen associated with di-

arrhea in young calves worldwide (Ozcan

et al., 2021; Jessop et al., 2024). Calves,

particularly in their first weeks of life,
are highly susceptible to ETEC infections, making it a
serious concern for livestock farmers and veterinarians
(Slanzon et al., 2022). This study aims to investigate the
significance of ETEC in the occurrence of diarrhea in
calves while focusing on the factors contributing to the
pathogenesis of this microbial infection.

ETEC is responsible for inducing a large portion of neo-
natal and post-weaning diarrhea cases in calves. The se-
verity of the disease can range from mild to severe, lead-
ing to significant economic losses within the livestock
industry (Tarabees et al., 2021). These particular bacteria
possess the capability to generate two distinct types of
virulence factors. The first type, known as adhesins, aids
in binding to specific receptors on enterocytes, thereby
promoting intestinal colonization (Pakbin et al., 2021).
Among the well-known adhesins are fimbriae, including
F4 (also referred to as K88), F5 (K99), F6 (987P), F17,
F41, and CFA (colonization factors) (Osek et al., 1999).
The second type, referred to as enterotoxins, can be clas-
sified into two major classes: Heat-labile toxins (LT)
and heat-stable toxins (STa, STb) (Wang et al., 2019).
The STa toxin can be found in various bacterial strains,
including Vibrio cholerae non-O1 and O1, Vibrio mim-
icus, Yersinia enterocolitica, Klebsiella pneumoniae, and
Citrobacter freundii (Scheutz et al., 2014). Apart from
the toxins, ETEC also produces other virulence factors
that contribute to its pathogenicity. These factors include
hemolysins, proteases, and iron acquisition systems,
which contribute to tissue damage, immune evasion, and
the host’s survival. Along with other genes known to con-
tribute to ETEC virulence and pathogenicity, coloniza-
tion factors associated with human and animal diseases
have been extensively studied. In human ETEC, at least
28 antigenically distinct CFs and 30 LT types have been
identified and characterized (Shams et al., 2012). On the
other hand, ETECs isolated from animals have shown 6
CFs (Salvadori et al., 2003; Zhang et al., 2007), indicat-
ing a lesser diversity compared to human ETECs in terms
of CF virulence factors. Notably, 6 clinically significant
CFs (F4, F5, F6, F4la, F17, and F18) have been recog-
nized in ETEC-induced diseases in animals (Scheutz et
al., 2024). The fimbrial adhesins F17, F5, and F41 are
closely associated with ETEC infections in calves. Stud-
ies have shown that the virulence factors F5 and F41 are
associated with diarrhea across various animal species,
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although the prevalence of these genes tends to decline in
adult animals. These fimbriae are characterized by their
unique properties, which include their amino acid com-
position and their capacity to agglutinate red blood cells
(RBCs) (Ghavami et al., 2021). The combination of ad-
hesion, enterotoxin production, and additional virulence
factors makes ETEC a formidable pathogen in causing
diarrhea in calves (Sora et al., 2021).

Understanding the pathogenesis factors involved in
ETEC infections is crucial for developing effective pre-
ventive strategies and targeted interventions (Rueter and
Bielaszewska, 2020).

In this research, we have simplified and expedited the
detection of various CFs and toxins through the use of
polymerase chain reaction (PCR) assays. This method
combines the advantages of the PCR technique, known
for its high sensitivity and specificity in detecting ETEC,
with a set of previously established primers. Addition-
ally, we have employed multiple primers for each gene,
enhancing the accuracy and reliability of our detection
process.

Materials and Methods

Collection of samples

Between April 2022 and September 2023, our study
was conducted on 156 diarrheic neonatal calves aged
between 1 and 10 days. These calves were raised on 12
farms located in 5 provinces of Iran, including Tehran,
Alborz, Qazvin, Arak, and Khorasan Razavi. Notably,
these farms were facing a widely reported problem of di-
arrhea in newborn calves, and there was no observed use
of antibiotics for treating ETEC infection. A rectoanal
mucosal swab specimen was obtained from each diar-
rheic calf, and subsequently placed into a tube contain-
ing Cary-Blair transport medium.

Isolation and identification procedures

The samples were transported to the laboratory on
ice and subsequently streaked onto MacConkey and
EMB (eosin methylene blue) agar plates. The plates
were then incubated at 37 “C for 24 hours. After the
incubation period, three colonies from each sample
displaying the characteristic appearance of E. coli
were carefully selected for further analysis. These
colonies were of particular interest as E. coli is com-
monly associated with diarrheal cases in calves.
The E. coli strain was identified through a series of
biochemical tests, encompassing assessments for in-
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dole production, citrate utilization, glucose and lactose
fermentation, hydrogen sulfide production, and urease
negativity. Following identification, the isolated bacteria
were preserved in TSB with 20% glycerol at a tempera-
ture of -70 °C until further analysis.

DNA extraction and PCR reaction

Overnight cultures of bacteria were grown in 3 mL
Luria-Bertani broth and subsequently centrifuged for 5
minutes at 3000xg. The resulting bacterial pellet was
resuspended in 300 pL of distilled water and boiled for
10 minutes. To obtain the template DNA, the tubes were
centrifuged at 10000xg for 10 minutes again, and the su-
pernatant was collected.

The PCR mixture consisted of 12.5 pL of Taq 2x Mas-
ter Mix Red (Ampliqon, Denmark), 1.5 mM MgCl,, 1
pL (10 pM) of each primer, 2 pL. of DNA template, and
deionized water to reach a final volume of 25 pL. The
amplification process involved an initial denaturation
step at 94 °C for 5 minutes, followed by 30 cycles at 94
°C for 1 minute (denaturation), 56 “C (for i, f41, f4, f17,
and f6) and 62 (sta, f5 and cfa/1) for 1 minute (anneal-

Table 1. Primers used to detect gene prevalence
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ing), and 72 °C for 1 minute and 30 seconds (extension).
A final extension was performed at 72 °C for 10 minutes.
The resulting PCR products were separated by 2% aga-
rose gel electrophoresis and visualized using ethidium
bromide staining on a UV transilluminator.

A PCR assay utilizing specific primers enabled the
identification of six fimbrial genes (4, 15, 16, f17, f41,
and cfa/l)) in addition to two toxin genes (/¢ and sta)
(Table 1).

Results

Our research team utilized PCR to detect the pres-
ence of six fimbrial genes (4, 15, /6, f17, 41, and cfa/I),
along with six toxin genes (/¢ and sta) (Figure 1). Among
the 156 diarrheic calves examined using PCR analysis,
positive results were obtained for the fimbrial and toxin
genes. Detailed data on the number and frequency of
fimbriae genes and toxins are presented in Table 2. How-
ever, it is important to note that no positive cases were
discovered for fimbriae F6 (Table 2).

Row Primer Name Sequence (5°-3’) Gene Size (bp) Annealing (°C) Ref.
LT-F GCACACGGAGCTCCTCAGTC
1 It 218 56 Azimi et al. (2021)
LT-R TCCTTCATCCTTTCAATGGCTTT
STa-F TCCGTGAAACAACATGACGG3'’
2 sta 244 62 Sinha, et al. (2018)
STa-R ATAACATCCAGCACAGGCAG3
F4-F GGTGATTTCAATGGTTCGGTC
3 f4 704 56 Xu et al. (2020)
F4-R ATTGCTACGTTCAGCGGAGCG
K99-F TATTATCTTAGGTGGTATGG
4 f5(K99) 314 62 Franck et al. (1998)
K99-R GGTATCCTTTAGCAGCAGTATTTC
F6-F TCTGCTCTTAAAGCTACTGG
5 f6 333 56 Sinha et al. (2018)
F6-R AACTCCACCGTTTGTATCAG
F17c-F GCAGGAACCGCTCCCTTGGC
6 f17 416 56 Bertin et al. (1996)
F17c-R CAACTAACGGGATGTACAGTTTC
F41-F GCATCAGCGGCAGTATCT
7 f41 380 56 Franck et al. (1998)
F41-R GTCCCTAGCTCAGTATTATCACCT
CFA/1F GCTTACTCTCCCGCATCAAA
8 cfa/1 170 62 Rasul et al. (2022)
CFA/1R ACTTGTCCTCCCCATGACAC
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Table 2. Frequency presence of adhesion factor and enterotoxin genes in E. coli from calves in Iran (n=156)

Row Gene Number of Positive Results No. (%)
1 f4(K88) 3 3(1.92)
2 15(k99) 18 18(11.53)
3 f6 0 0(0)

4 f17 4 4(2.56)
5 f41 12 12(7.7)
6 cfa/1 11 11(7.05)
7 It 21 21(10.9)
8 sta 119 119(76.28)

We examined 156 E. coli isolates obtained from Discussion

10-day-old calves with diarrhea. The results showed that
a significant number of the isolates carried virulence
traits. Specifically, 119 samples (76.28%) were positive
for the sta gene, 21 samples (13.5%) for the /t gene, 18
samples (11.53%) for the /5 gene, and 12 samples (7.7%)
for the f41 gene. Additionally, 11 samples (7.07%) con-
tained the cfa/I gene, while a smaller group of 4 samples
(2.56%) had the f17 gene, and 3 samples (1.29%) car-
ried the /4 gene. These findings highlight the widespread
presence of various virulence factors in E. coli strains
linked to diarrheal illness in young calves.

Among these isolates, 64(41.02%) exclusively pos-
sessed the sta gene. Additionally, 13 isolates (8.33%)
had both the /5 and sta genes, while another 11 isolates
(7.05%) carried both the cfa/I and sta genes. The distri-
bution of isolates with multiple gene combinations in-
cluded 8 isolates (5.12%) with the f4/ and sta genes, 4
isolates (2.56%) with the f77 and sta genes, and 2 isolates
(1.28%) with the f4 and sta genes. One isolate (0.64%)
was identified as having three genes: /3, sta, and /t. Two
isolates (1.28%) had three genes: /5, cfa/I, and sta, while
one isolate carried the genes sta, f3, and It together. No-
tably, 13 isolates (8.33%) were characterized solely by
the sta and /f genes, two isolates (0.64%) contained two
genes, including It and /5 (1.28%), and another 2 isolates
had two genes, It and f41 (1.28%).

Four isolates (2.56%) had only the /f gene (Table 3).
This genetic analysis underscores the diverse array of
gene combinations present in the ETEC strains studied.

In this study, we examined 6 different types of fimbriae
and utilized 2 primers to identify the genes responsible
for ST and LT toxins, respectively. This approach was
compared to previous studies conducted in the field.

According to research conducted in numerous coun-
tries, the recorded incidence of ETEC infection varies
widely, ranging from around 1% to as high as 50%.
Shams et al.’s extensive study in Fars Province, conduct-
ed in 2008 and 2009, involved 268 samples, indicating
that 5.3% of the isolates identified were ETEC strains
(Shams et al., 2012). A similar study by Pourtaghi et al.
(2015) in Alborz Province in 2015 found that 18.33% of
the 60 rectal swab samples were positive. In 2021, Gha-
vami et al. in Hamadan reported a 7.5% prevalence rate
for F5 from a total of 120 samples (Ghavami et al. 2021).

The prevalence of F5, F41 fimbriae, and STa toxin
genes was 5.3%, 5.3%, and 4.02%, respectively. A simi-
lar result was reported by Younis et al. (2009); however,
a higher prevalence was reported by Acha et al. (2004),
who reported a prevalence rate of 40%. On the contrary,
lower prevalence rates (0.57%, 2.3%, and 7.3%) were
recorded (Zhang et al., 2007).

F5 is one of the three major fimbriac expressed by
ETEC strains that colonize the intestines of neonatal
piglets, and it is implicated as a major cause of neona-
tal diarrhea in calves (Salvadori et al., 2003). During
the study, it was observed that the occurrence of 5 was
11.53%. However, it is interesting to note that the preva-
lence of F5 varied across different regions in Iran.
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Table 3. Coincidence of adhesion factor and enterotoxin genes in E. coli from calves in Iran (n=156)

MajortAssociated Virotype Number of Calves with Indicated E. coli Virotype® No. (%)
STa (only) 64 64(41.02)
STa+F5 13 13(8.33)
STa + CFA/1 11 11(7.05)
STa + F41 8 8(5.12)
STa +F17 4 4(2.56)
STa +F4 2 2(1.28)
STa+ F4 + F41 1 1(0.64)
STa + F5 + CFA/1 2 2(1.28)
STa+F5+LT 1 1(0.64)
STa + LT 13 13(8.33)
LT +F5 2 2(1.28)
LT + F41 2 2(1.28)
LT (only) 4 4(2.56)

"Strains that do not express any fimbrial genes for Fé.

According to a study conducted in the Republic of Ar-
gentina and Korea, the f77 gene showed a prevalence
of 16% and 72.2%, respectively, among E. coli strains
isolated from diarrheic calves (Ryu et al., 2020). In our
study, we observed that the frequency of /17 was 2.56%.
Interestingly, before this research, no other studies had
been reported on this matter in Iran.

The significance of fimbriae F41 in ETEC isolated
from calf diarrhea, along with its frequency ranging from
11% to 16%, has been investigated (Cengiz & Adigiizel,
2020). The findings of this study reveal a similar result,
with a 5.6% frequency, which closely aligns with a cor-
responding study conducted in Iran (7.7%).

CFA/1 is a protein found on the surface of certain
strains of ETEC, commonly associated with diarrhea in
various animal species, including calves (von Mentzer
& Svennerholm, 2023). There is no specific information
available on the prevalence of CFA/1 in ETEC isolat-
ed from calves with diarrhea. In this study, 11 samples
(7.05%) had the cfa/I gene.

The frequency of F4 and F6 in ETEC can vary de-
pending on the specific strain and geographical loca-
tion. ETEC strains can possess different combinations
of fimbriae, and the presence of F4 is more commonly

associated with ETEC strains that infect pigs and other
animals. These genes have not been investigated in any
of the studies conducted in Iran.

There have been reports of variations in the frequency
of toxin types across different geographic areas (Shen
et al., 2022; Umpiérrez et al., 2021). Shahrokhi et al.
(2011), for example, found that the most common tox-
in type in Iran was ST-only, accounting for 60.3% of
cases, followed by LT-only (31.3%) and LT/ST (8.4%).
A similar dominance of ST-expressing ETEC has been
observed in Egypt, Bangladesh, and Iran (Qadri et al.,
2005; Darbandi et al., 2016). In this study, the frequency
of samples with the /¢ gene is 10.9% and the frequency
of the sta gene is 76.28%.

The isolation and molecular characterization of ETEC
pathotypes from calf diarrhea cases in various regions
of Iran provides valuable insights into the epidemiol-
ogy and virulence profiles of these diarrheagenic E. coli
strains.

The high prevalence (78.84%) of E. coli isolates har-
boring at least one virulence gene, particularly the pre-
dominance of the sta virotype (76.28%), underscores the
significant role of ETEC as a major etiological agent of
diarrhea in young calves in the studied areas (Shahrani

Khormali., et al. (2026). Molecular Identification of the ETEC From Calf. fran J Vet Med, 20(2):243-250.
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Figure 1. PCR results for the fimbria and toxin genes

A) the CFA/1 primers that amplify a 170-bp fragment: Lanes: 1, negative control; 2, positive control; 3, negative sample; 4,
positive sample; B) the F4 primers that amplify a 704-bp fragment: Lanes: 1, negative sample; 2, positive sample; 3, positive
control; 4, negative control; C) the F5 primers that amplify a 314-bp fragment: Lanes: 1, negative control; 2, negative sample;
3, negative sample; 4, positive sample; 5, positive control; D) the F6 primers that amplify a 333-bp fragment: Lanes: 1, positive
control; 2, negative control; 3, negative control; E) the F17 primers that amplify a 416-bp fragment: Lanes: 1, sample positive; 2,
sample negative; 3, positive control; 4, negative control; F) the F41 primers that amplify a 380-bp fragment: Lanes: 1, positive
control; 2, positive sample; 3, negative control; G) the LT primers that amplify a 218-bp fragment: Lanes: 1, positive sample; 2,
positive control; 3, negative control: H) the ST primers that amplify a 244-bp fragment: Lanes: 1, negative sample; 2, positive

control; 3, positive sample; 4, negative control

et al., 2014). This finding is consistent with previous
reports from Iran and other countries, which have also
highlighted the importance of ETEC in causing calf diar-
rhea (Awad et al., 2020).

The detection of a diverse array of virulence genes,
including fimbrial adhesins (f4, 3, f41, f17) and entero-
toxins (sta, If), suggests the ability of these ETEC strains
to colonize the intestinal epithelium effectively and pro-

duce toxins that disrupt fluid homeostasis, leading to the
development of diarrhea (Pourtaghi et al., 2013; Gebre-
giorgis & Tessema, 2016). The lack of a predominant
combination of fimbrial and enterotoxin genes indicates
the genetic heterogeneity of the ETEC isolates, which
may contribute to the varied clinical presentations ob-
served in calf diarrhea cases.
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The high prevalence of ETEC pathotypes in the stud-
ied regions underscores the need for continued surveil-
lance and monitoring of these diarrheagenic E. coli
strains. Effective prevention and control strategies, such
as improved biosecurity measures, targeted vaccination
programs, and prudent use of antimicrobials, could help
mitigate the impact of ETEC-associated calf diarrhea
and reduce the associated economic losses in the cattle
industry (Gebregiorgis & Tessema, 2016).

Further research is warranted to elucidate the molecu-
lar epidemiology, transmission dynamics, and potential
zoonotic implications of the ETEC pathotypes identi-
fied in this study. Integrating these findings with data on
antimicrobial resistance patterns and the distribution of
other diarrheagenic E. coli pathotypes would provide a
comprehensive understanding of the E. coli-mediated
calf diarrhea burden in Iran.

Conclusion

According to the findings of this research, it seems that
the presence of fimbriae may not be a necessary condi-
tion for causing diarrhea in calves. Other fimbriae, such
as CFA/1, F5, and F41, are also important. The findings
suggest that . coli, excluding the virotypes STa and F5,
is not a significant cause of diarrhea in calves. This find-
ing may explain why F5 and F41 showed a low preva-
lence. The low frequency of F5 isolates can be due to
farms frequently inoculating calves using a vaccine that
targets this antigen. These findings highlight the impor-
tance of monitoring and understanding the epidemiology
of ETEC pathotypes to develop effective strategies for
managing calf diarrthea and reducing associated eco-
nomic losses in the Iranian cattle industry.

Ethical Considerations
Compliance with ethical guidelines

The entire procedure has been conducted according
to the instructor’s guide and the University of Tehran’s
ethical standards for animals.

Funding

This research did not receive any grant from funding
agencies in the public, commercial, or non-profit sectors.

Authors' contributions

All authors equally contributed to preparing this article.

March & April 2026. Volume 20. Number 2

Conflict of interest
The authors declared no conflict of interest.
Acknowledgments

The authors would like to thank Behrooz Asadi for ex-
tensive technical support.

References

Achg, S.]., Kiihn, I, Jonsson, P., Mbazima, G., Katouli, M., & Moll-
by, R. (2004). Studies on calf diarrhoea in Mozambique: preva-
lence of bacterial pathogens. Acta Veterinaria Scandinavica, 45(1-
2), 27-36. [DOI:10.1186/1751-0147-45-27] [PMID]

Awad, W. S, El-Sayed, A. A,, Mohammed, F. F., Bakry, N. M., Ab-
dou, N. M. I, & Kamel, M. S. (2020). Molecular characterization
of pathogenic Escherichia coli isolated from diarrheic and in-con-
tact cattle and buffalo calves. Tropical Animal Health and Produc-
tion, 52(6), 3173-3185. [DOIL:10.1007 /s11250-020-02343-1] [PMID]

Azimi, T., Azimi, L., Fallah, F., Pourmand, M. R., Ostadtaghizadeh,
A., & Abai, M. R, et al. (2021). Detection and characterization of
Enterobacteriaceae family members carried by commensal Rat-
tus norvegicus from Tehran, Iran. Archives of Microbiology, 203(4),
1321-1334. [DOI:10.1007 /500203-020-02126-0] [PMID]

Bertin, Y., Martin, C., Oswald, E., & Girardeau, J. P. (1996). Rapid
and specific detection of F17-related pilin and adhesin genes
in diarrheic and septicemic Escherichia coli strains by multi-
plex PCR. Journal of Clinical Microbiology, 34(12), 2921-2928.
[DOI:10.1128 /jem.34.12.2921-2928.1996] [PMID]

Cengiz, S, & Adigiizel, M. C. (2020). Determination of virulence
factors and antimicrobial resistance of E. coli isolated from calf
diarrhea, part of eastern Turkey. Ankara Universitesi Veteriner
Fakiiltesi Dergisi, 67(4), 365-371. [DOI:10.33988 / auvfd.640990]

Darbandi, A., Owlia, P., Bouzari, S., Saderi, H. (2016). Diarrheagenic
Escherichia coli pathotypes frequency in Khuzestan province of
Iran. Iranian Journal of Microbiology, 8(6), 352-358. [PMID]

Franck, S. M., Bosworth, B. T., Moon, H. W. (1998). Multiplex PCR
for enterotoxigenic, attaching and effacing, and Shiga toxin-
producing Escherichia coli strains from calves. Journal of Clini-
cal Microbiology 36(6), 1795-1797. [DOI:10.1128/JCM.36.6.1795-
1797.1998] [PMID]

Gebregiorgis, A., Tessema, T. S. (2016). Characterization of Escheri-
chia coli isolated from calf diarrhea in and around Kombolcha,
South Wollo, Amhara Region, Ethiopia. Tropical Animal Health
and Production, 48(2), 273-281. [DOI:10.1007/511250-015-0946-9]
[PMID]

Ghavami, Q., Mahmoodi, P., & Bahari, A. (2021). Isolation and
Molecular Characterization of Enterotoxigenic Escherichia coli
(ETEC) Strains From Industrial Dairy Farms of Hamedan, Iran.
International Journal of Entric Pathogens 9(1), 9-14. [DOI:10.34172/
ijep.2021.03]

Khormali., et al. (2026). Molecular Identification of the ETEC From Calf. fran J Vet Med, 20(2):243-250.



https://ijvm.ut.ac.ir/
https://ut.ac.ir/en
https://doi.org/10.1186/1751-0147-45-27
https://www.ncbi.nlm.nih.gov/pubmed/15535084
https://doi.org/10.1007/s11250-020-02343-1
https://www.ncbi.nlm.nih.gov/pubmed/32647966
https://doi.org/10.1007/s00203-020-02126-0
https://www.ncbi.nlm.nih.gov/pubmed/33386421
https://doi.org/10.1128/jcm.34.12.2921-2928.1996
https://www.ncbi.nlm.nih.gov/pubmed/8940423
https://doi.org/10.33988/auvfd.640990
https://pubmed.ncbi.nlm.nih.gov/28491244/
https://doi.org/10.1128/JCM.36.6.1795-1797.1998
https://doi.org/10.1128/JCM.36.6.1795-1797.1998
https://www.ncbi.nlm.nih.gov/pubmed/9620426
https://doi.org/10.1007/s11250-015-0946-9
https://www.ncbi.nlm.nih.gov/pubmed/26563273
https://doi.org/10.34172/ijep.2021.03
https://doi.org/10.34172/ijep.2021.03

March & April 2026. Volume 20. Number 2

Jessop, E., Li, L., Renaud, D. L., Verbrugghe, A., Macnicol, J., Gam-
sjager, L., & Gomez, D. E. (2024). Neonatal Calf Diarrhea and
Gastrointestinal Microbiota: Etiologic Agents and Microbiota
Manipulation for Treatment and Prevention of Diarrhea. Vet-
erinary Sciences, 11(3), 108. [DOI:10.3390/ vetsci11030108] [PMID]

Osek, J., Gallien, P., Truszczyfiski, M., & Protz, D. (1999). The use of
polymerase chain reaction for determination of virulence factors
of Escherichia coli strains isolated from pigs in Poland. Compara-
tive Immunology, Microbiology and Infectious Diseases 22(3), 163-
174. [DOI:10.1016/50147-9571(98)00083-6] [PMID]

Ozcan, U., Sezener, M. G., Sayilkan, B. U, Ergiiden, V. E., Kiilliik, E.,
& Yaman, S. (2021). A new aspect in neonatal calf diarrhea: Pres-
ence of Escherichia coli CS31A at unexpected ratio. Kafkas Uni-
versitesi Veteriner Fakiiltesi Dergisi, 27(1), 133-134. [DOI:10.9775/
kvfd.2020.25280]

Pakbin, B., Briick, W. M., & Rossen, J. W. A. (2021). Virulence fac-
tors of enteric pathogenic Escherichia coli: A review. Interna-
tional Journal of Molecular Sciences, 22(18), 9922. [DOI:10.3390/
ijms22189922] [PMID]

Pourtaghi, H., Dahpahlavan, V., & Momtaz, H. (2013). Virulence
genes in Escherichia coli isolated from calves with diarrhoea in
Iran. Comparative Clinical Pathology, 22, 513-515. [DOI:10.1007/
s00580-012-1442-5]

Pourtaghi, H., & Sodagari, H. R. (2016). Antimicrobial resistance of
entrotoxigenic and non-entrotoxigenic Escherichia coli isolated
from diarrheic calves in Iran. International Journal of Enteric Patho-
gens, 4(2), e34557. [DOI:10.17795/ ijep34557]

Qadri, F.,, Khan, A. I, Faruque, A.S., Begum, Y. A,, Chowdhury, F.,
& Nair, G. B,, et al. (2005). Enterotoxigenic Escherichia coli and
Vibrio cholerae diarrhea, Bangladesh, 2004. Emerging Infectious
Diseases 11(7), 1104-1107. [DOI:10.3201/eid1107.041266] [PMID]

Rasul, H. F.,, Muhammed, S. M., Arif, H. H., & Jalal, P. J. (2022). Mo-
lecular detection of Enterotoxigenic Escherichia coli Toxins and
Colonization Factors from Diarrheic Children in Pediatric Teach-
ing Hospital, Sulaymaniyah, Iraq. UHD Journal of Science and Tech-
nology, 6(2), 49-57. [DOI:10.21928 / uhdjst.v6n2y2022.pp49-57]

Rueter, C., & Bielaszewska, M. (2020). Secretion and delivery of
intestinal pathogenic Escherichia coli virulence factors via outer
membrane vesicles. Frontiers in Cellular and Infection Microbiology,
10, 91. [DOI:10.3389/ fcimb.2020.00091] [PMID]

Ryu, ]. H,, Kim, S, Park, J., & Choi, K. S. (2020). Characterization
of virulence genes in Escherichia coli strains isolated from pre-
weaned calves in the Republic of Korea. Acta Veterinaria Scandi-
navica, 62(1), 45. [DOI:10.1186/s13028-020-00543-1] [PMID]

Salvadori, M. R,, Valadares, G. F., Leite, D. d. S., Blanco, J., & Yano,
T. (2003). Virulence factors of Escherichia coli isolated from
calves with diarrhea in Brazil. Brazilian Journal of Microbiology,
34(3), 230-235. [DOI:10.1590/51517-83822003000300009]

Scheutz, F., Nielsen, C. H., & von Mentzer, A. (2024). Construction
of the ETECFinder database for the characterization of entero-
toxigenic Escherichia coli (ETEC) and revision of the Virulence-
Finder web tool at the CGE website. Journal of Clinical Microbiol-
ogy, 62(6), €0057023. [DOI:10.1128 /jem.00570-23] [PMID]

Shahrani, M., Dehkordi, F. S., & Momtaz, H. (2014). Characteriza-
tion of Escherichia coli virulence genes, pathotypes and antibi-
otic resistance properties in diarrheic calves in Iran. Biological
Research, 47(1), 28. [DOI:10.1186/0717-6287-47-28] [PMID]

IRANIAN JOURNAL OF VETERINARY MEDICINE

Shahrokhi, N., Bouzari, S., & Jafari, A. (2011). Comparison of viru-
lence markers and antibiotic resistance in enterotoxigenic Escheri-
chia coli isolated ten years apart in Tehran. Journal of Infection in
Developing Countries, 5(4), 248-254. [DOI:10.3855//jidc.1206] [PMID]

Shams, Z., Tahamtan, Y., Pourbakhsh, A., Hosseiny, M. H., Kar-
gar, M., & Hayati, M. (2012). Detection of enterotoxigenic K99
(F5) and F41 from fecal sample of calves by molecular and se-
rological methods. Comparative Clinical Pathology 21(4), 475-478.
[DOI:10.1007/500580-010-1122-2] [PMID]

Shen, J., Zhi, S., Guo, D., Jiang, Y., Xu, X., & Zhao, L., et al. (2022).
Prevalence, Antimicrobial Resistance, and Whole Genome Se-
quencing Analysis of Shiga Toxin-Producing Escherichia coli
(STEC) and Enteropathogenic Escherichia coli (EPEC) from
Imported Foods in China during 2015-2021. Toxins, 14(2), 68.
[DOI:10.3390/ toxins14020068] [PMID]

Sinha, R., Sahoo, N. R., Kumar, P., Qureshi, S., Kumar, A., & Ravi-
kumar, G,, et al. (2018). Comparative jejunal expression of MUC
13 in Indian native pigs differentially adhesive to diarrhoeagenic
E. coli. Journal of Applied Animal Research, 46(1), 107-111. [DOIL:10.
1080/09712119.2016.1267009]

Slanzon, G. S., Ridenhour, B.]., Moore, D. A., Sischo, W. M., Parrish,
L. M., & Trombetta, S. C,, et al. (2022). Fecal microbiome profiles
of neonatal dairy calves with varying severities of gastrointes-
tinal disease. Plos Omne, 17(1), 0262317. [DOI:10.1371/journal.
pone.0262317] [PMID]

Sora, V. M., Meroni, G., Martino, P. A, Soggiu, A., Bonizzi, L., &
Zecconi, A. (2021). Extraintestinal pathogenic Escherichia coli:
Virulence factors and antibiotic resistance. Pathogens, 10(11),
1355. [DOI:10.3390/ pathogens10111355] [PMID]

Tarabees, R., Younis, G., & El-Khetaby, H. (2021). Serotypes, Viru-
lence Factors and Antibiograms of Escherichia coli Isolated from
Diarrhetic Calves in Egypt: A review. Journal of Current Veterinary
Research, 3(1), 10-22. [DOI:10.21608 /jcvr.2021.160184]

Umpiérrez, A., Ernst, D., Fernandez, M., Oliver, M., Casaux, M. L.,
& Caffarena, R. D,, et al. (2021). Virulence genes of Escherichia
coli in diarrheic and healthy calves. Revista Argentina de Microbi-
ologia, 53(1), 34-38. [DOI:10.1016/j.ram.2020.04.004] [PMID]

von Mentzer, A., & Svennerholm, A. M. (2024). Colonization factors
of human and animal-specific enterotoxigenic Escherichia coli
(ETEC). Trends in Microbiology, 32(5), 448-464.[DOI:10.1016/].
tim.2023.11.001] [PMID]

Wang, H., Zhong, Z.,, Luo, Y., Cox, E., & Devriendt, B. (2019). Heat-
stable enterotoxins of enterotoxigenic Escherichia coli and their
impact on host immunity. Toxins, 11(1), 24. [DOI:10.3390/ tox-
ins11010024] [PMID]

Xu, X, Pan, Y., Xu, B, Yan, Y,, Yin, B,, & Wang, Y., et Al. (2020).
Effects of Cortex Phellodendri extract on post-weaning pig-
lets diarrhoea. Veterinary Medicine and Science, 6(4), 901-909.
[DOI:10.1002/vms3.304] [PMID]

Younis, E. E., Ahmed, A. M., El-Khodery, S. A., Osman, S. A, &
El-Naker, Y. F. (2009). Molecular screening and risk factors of
enterotoxigenic Escherichia coli and Salmonella spp. in diarrheic
neonatal calves in Egypt. Research in Veterinary Science, 87(3), 373-
379. [DOI:10.1016/.rvsc.2009.04.006] [PMID]

Zhang, W., Zhao, M., Ruesch, L., Omot, A., & Francis, D. (2007).
Prevalence of virulence genes in Escherichia coli strains re-
cently isolated from young pigs with diarrhea in the US.
Veterinary Microbiology 123(1-3), 145-152. [DOI:10.1016/j.vet-
mic.2007.02.018] [PMID]

Khormali,, et al. (2026). Molecular Identification of the ETEC From Calf. lran J Vet Med, 20(2):243-250.



https://ijvm.ut.ac.ir/
https://doi.org/10.3390/vetsci11030108
https://www.ncbi.nlm.nih.gov/pubmed/38535842
https://doi.org/10.1016/S0147-9571(98)00083-6
https://www.ncbi.nlm.nih.gov/pubmed/10391503
https://doi.org/10.9775/kvfd.2020.25280
https://doi.org/10.9775/kvfd.2020.25280
https://doi.org/10.3390/ijms22189922
https://doi.org/10.3390/ijms22189922
https://www.ncbi.nlm.nih.gov/pubmed/34576083
https://doi.org/10.1007/s00580-012-1442-5
https://doi.org/10.1007/s00580-012-1442-5
https://doi.org/10.17795/ijep34557
https://doi.org/10.3201/eid1107.041266
https://www.ncbi.nlm.nih.gov/pubmed/16022790
https://doi.org/10.21928/uhdjst.v6n2y2022.pp49-57
https://doi.org/10.3389/fcimb.2020.00091
https://www.ncbi.nlm.nih.gov/pubmed/32211344
https://doi.org/10.1186/s13028-020-00543-1
https://www.ncbi.nlm.nih.gov/pubmed/32819409
https://doi.org/10.1590/S1517-83822003000300009
https://doi.org/10.1128/jcm.00570-23
https://www.ncbi.nlm.nih.gov/pubmed/38656142
https://doi.org/10.1186/0717-6287-47-28
https://www.ncbi.nlm.nih.gov/pubmed/25052999
https://doi.org/10.3855/jidc.1206
https://www.ncbi.nlm.nih.gov/pubmed/21537065
https://doi.org/10.1007/s00580-010-1122-2
https://www.ncbi.nlm.nih.gov/pubmed/32214971
https://doi.org/10.3390/toxins14020068
https://www.ncbi.nlm.nih.gov/pubmed/35202096
https://doi.org/10.1080/09712119.2016.1267009
https://doi.org/10.1080/09712119.2016.1267009
https://doi.org/10.1371/journal.pone.0262317
https://doi.org/10.1371/journal.pone.0262317
https://www.ncbi.nlm.nih.gov/pubmed/34982792
https://doi.org/10.3390/pathogens10111355
https://www.ncbi.nlm.nih.gov/pubmed/34832511
https://doi.org/10.21608/jcvr.2021.160184
https://doi.org/10.1016/j.ram.2020.04.004
https://pubmed.ncbi.nlm.nih.gov/32553726/
https://doi.org/10.1016/j.tim.2023.11.001
https://doi.org/10.1016/j.tim.2023.11.001
https://www.ncbi.nlm.nih.gov/pubmed/38052687
https://doi.org/10.3390/toxins11010024
https://doi.org/10.3390/toxins11010024
https://www.ncbi.nlm.nih.gov/pubmed/30626031
https://doi.org/10.1002/vms3.304
https://www.ncbi.nlm.nih.gov/pubmed/32585771
https://doi.org/10.1016/j.rvsc.2009.04.006
https://www.ncbi.nlm.nih.gov/pubmed/19419742
https://doi.org/10.1016/j.vetmic.2007.02.018
https://doi.org/10.1016/j.vetmic.2007.02.018
https://www.ncbi.nlm.nih.gov/pubmed/17368762

