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 Enterotoxigenic Escherichia coli (ETEC) produces different virulence factors allowing the 
bacterium to colonize and develop watery diarrhea. Proteomics studies have also introduced 
new protein belonging to the secretion pathways, antigen 43 (Ag43), which plays important 
role in E. coli pathogenesis. The objective of this study was to investigate O-types and virulence 
factors of E. coli isolates from neonatal calves diarrhea. Total of 120 isolates from diarrheic 
calves were genotyped for their O groups and the presence of virulence genes K99, F41 and STa 
as well as Ag43. The predominant O-type was O101 (51.00%) and the prevalence of K99, F41 
and STa was 7 (5.80%). The Ag43 was detected in all samples with three different allelic 
patterns. Our results indicated that K99 positive isolates certainly have one of each 2200 bp or 
1800 bp or both copies of Ag43 passenger domain, while negative K99 isolates lack the Ag43. 
The results reported here provide informative data regarding the prevalence of E. coli O-types 
and their virulence factors in enteric colibacillosis. The Ag43 that was more found in K99 
positive isolates might be associated with diarrhea-causing E. coli strains in neonatal calves.  
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 های نوزاد سیژنیک جدا شده از اسهال گوسالهکتوونترا کوالیاشرشیا ویژگی مولکولی 

 چکیده 

به که  معرفی نمودهرا ی پروتئین جدیدهمچنین را می دهد. مطالعات پروتئومیکس با تولید عوامل حدت مختلف به باکتری اجازه جایگزینی و ایجاد اسهال آبکی  ،انتروتوکسیژنیک یکوال ایاشرش

 ایاشرشعوامل حدت جدایه های و  O. هدف این مطالعه بررسی گروه های کندایفا می یکوال ایاشرشبیماریزایی  نقش مهمی درو  می باشدمربوط ( Ag43) 34آنتی ژن موسوم به  یمسیرهای ترشح
کی قرار گرفتند. مورد ارزیابی ژنتی Ag43و  K99 ،F41 ،STa های حدتژنوجود و  O هایاز نظر گروهمبتال به اسهال یه از گوساله های جدا 021در مجموع . است اسهال گوساله های نوزاد از یکوال

این نتایج آللی مختلف شناسایی شد.  یبا سه الگوها نمونه تمام در  34. آنتی ژن تشخیص داده شدنددرصد(  01/1هفت مورد ) STaو  K99  ،F41فراوانی ( بود و درصد 11/10) O101غالب  Oگروه 

باشند. این می  Ag43منفی فاقد  K99را دارا هستند، در صورتیکه جدایه های  Ag43یا هر دو نسخه  جفت بازی0011یا  2211مثبت به طور قطع یکی از نسخه های  K99مطالعه نشان داد که جدایه های 

ثبت یافت شد ممکن است با م K99جدایه های که بیشتر در  34آنتی ژن  .ارائه می دهدروده ای کلی باسیلوز آنها در و عوامل حدت  یکوال ایاشرش  O هایپیرامون شیوع گروهارزنده اطالعاتی  تحقیق

 در ارتباط باشد. نوزاد های در گوساله یکوال ایاشرشسویه های ایجادکننده اسهال 

 ، گوسالهOگروه انتروتوکسیژنیک،  کوالی اشرشیااسهال، ، 34آنتی ژن  واژه های کلیدی:

 

 
 

 *Correspondence: 

Gholamreza Nikbakht Brujeni. DVM, PhD 
Department of Microbiology and Immunology, Faculty of Veterinary Medicine, University of Tehran, Tehran, Iran. 
E-mail: nikbakht@ut.ac.ir 

Veterinary 
Research 

Forum 

 

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License which allows users to 
read, copy, distribute and make derivative works for non-commercial purposes from the material, as long as the author of the 
original work is cited properly. 

../../../../../Downloads/vrf.iranjournals.ir
http://creativecommons.org/licenses/by-nc/4.0/


74 

 
Z. Yadegari et al. Veterinary Research Forum. 2019; 10 (1) 73 - 78 

 
Introduction 
 

Neonatal calf diarrhea is an important cause of 
morbidity and mortality in newborn calves and still a 
major cause of productivity and economic loss to cattle 
producers worldwide. 1,2 According to the report of the 
National Animal Health Monitoring System for United 
States, about 57.00% of weaning calf mortality was due to 
diarrhea.3 Among diarrheagenic strains of Escherichia coli, 
the most common cause of neonatal diarrhea is 
Enterotoxigenic E. coli (ETEC).4 The ETEC strains produce 
different virulence factors associating with colonization in 
the small intestine, avoiding the immune response and 
stimulating the deleterious inflammatory response.5,6 
Susceptible age of calves to ETEC infections and 
colibacillosis is first four days after birth.7,8  

One of the main fimbrial antigens in ETEC is the 
plasmid-encoded K99 (F5)9 mediating adherence to the 
ileum and establishing the first steps of colonization in the 
bovine intestine.4 The F5 positive strains are usually 
isolated from calves between one and five days of age with 
diarrhea and it is believed that this observation is due to 
the decline of the F5 receptors expression in the bovine 
epithelia within days.10 Other virulence factors such as 
heat-stable enterotoxin (STa)11 and F41 may also be 
associated with diarrhea in newborn calves.9,12 Although 
fimbria and enterotoxins are two known groups of the 
classic virulence factors, proteomics studies have recently 
introduced several new proteins such as autotransporters 
involving in E. coli pathogenesis.13-15  

Autotransporter proteins are belonging to the largest 
secretion pathways in gram-negative bacteria. They all 
have a same three-part structure including a signal peptide 
directing the protein secretion into the inner membrane, a 
passenger domain which is exported to the extracellular 
space and performed the function of protein and a 
translocator domain that is placed in the outer membrane 
and formed a beta-barrel pore in which passenger domain 
transmission occurs.16,17 Some of the autotransporters are 
specified to the E. coli pathovars and some of them are 
conserved in most E. coli strains. Antigen 43 (Ag43) is one 
of these proteins with close homologues in many of E. coli 
pathovars, especially uropathogenic and diarrheagenic 
strains. The gene encoding Ag43 (agn43) exists as 
multiplex alleles with different copy numbers in different 
strains.18-20 The Ag43 as a non fimbrial adhesion is 
involved in auto-aggregation and biofilm formation. Its 
passenger domain is presented on the bacterial cell 
surface by bounding to the translocator domain via non-
covalent interaction and mediates colony aggregation 
through the self-recognizing mechanism. However, this 
capacity varied between Ag43 allelic variants.21-23 

Surveys on the new antigens and identification of 
fimbriae and enterotoxins are important in the 
epidemiology and pathogenesis of ETEC strains.24-26 

 This study was performed to investigate the 
prevalence of O-types and virulence genes of E. coli strains 
isolated from diarrheic calves. We further examined the 
possible relatedness of the classic virulence factors (K99, 
F41, and STa) to the presence of Ag43.  

 
Materials and Methods 
 

Feces samples of diarrheic calves (n = 120) under five 
days of age were obtained from industrial farms in two 
provinces of Alborz and Qazvin, Iran. The farm owners 
gave informed consent for using the samples for this study. 
The criteria for sampling included animals with symptoms 
of diarrhea. Samples were plated on selective MacConkey 
(Merck, Darmstadt, Germany) agar plates within 12 hr 
following collection. After 24 hr of incubation at 37 ˚C, at 
least three lactose-positive colonies of each sample were 
selected and incubated in Luria-Bertani broth (Merck) at  
37 ˚C for one night. The bacterial suspension was 
centrifuged at 13,000 rpm for 30 sec. The pellet was 
suspended in 50 μL of sterile water, incubated at 100 ˚C for 
10 min and centrifuged. The supernatant was used in the 
polymerase chain reaction (PCR) analysis. All of isolates 
were examined for O-type. A pair of 16S rDNA specific primer 
was used as an E. coli positive control. The PCR primer 
pairs were designed based on the sequences of O15, O35, 
O26, O78, O115, O119, O86, O9, O101, and O8. The primers 
used for O-typing are listed in Table 1. For multiplex PCR, 
50 to 100 ng DNA as a template was used in final volume 
of 30 μL containing 1X PCR buffer (50 mM KCl, 10 m M 
Tris-HCl [pH = 8.30]), 2.50 mM MgCl2, 167 mM each of dATP, 
dCTP, dGTP and dTTP, 0.05 to 0.15 mM of the respective 
primers and 2.50 U Taq DNA polymerase (Cinaclone, 
Tehran, Iran). The PCR was performed with a thermocycler 
(Eppendorf, Montesson, Franc) with microtubes in the 
following conditions: initial denaturation stage of 95 ˚C for 
10 min followed by denaturation in 30 cycles at 95 ˚C for 
30 sec and then on annealing at 50 ˚C for 45 sec and 
extension stage at 72 ˚C for 70 sec which ends by a final 
extension at 72 ˚C for 5 min. The PCR products were 
loaded on 2.00% agarose gel with ethidium bromide. After 
electrophoresis, gels were photographed under ultraviolet 
(UV) light. Molecular identification was done by PCR for 
the detection of the K99, F41, STa and Ag43. The primers 
used in this part of the study are also listed in Table 1.  

The PCR was performed in the Eppendorf termocycler 
(Eppendorf) by using 0.20 mM of each dNTP, 0.50 μM of 
each primer, 2 μL of DNA, 0.75 mM of MgCl2, 1X of buffer 
and 1 U of DNA Taq polymerase for Ag43 and 2.50 U of it 
for others. The cycling program for all virulence factors 
except Ag43 was comprised of an initial activation step at 
94 ˚C for 4 min, 25 cycles of amplification (denaturation at 
94 ˚C for 30 sec, annealing for 45 sec at 50 ˚C followed by 
an extension at 70 ˚C for 90 sec) and a final extension step 
at 70 ˚C for 10 min and chilling at 4 ˚C. For amplification of 
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Ag43, the steps were followed by 29 cycles of denaturing 
(95 ˚C for 30 sec), annealing (57.30 ˚C for 30 sec), extension 
(72 ˚C for 3.5 min) and a final extension (72 ˚C for 5 min), 
respectively. The PCR products were analyzed by electro-
phoresis in agarose gels stained with ethidium bromide 
and photographed under UV light. A 1 Kb DNA ladder was 
used to determine the molecular size of the PCR products. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Results 
 

All of the isolates were identified as E. coli on the 
basis of staining property, colony characteristics, and 
standard biochemical reaction. The isolated E. coli 
strains belonged to O101: 51 (42.50%), O8: 18 
(15.00%), O9: 10 (8.30%), O115: 6 (5.00%) and 35 
(29.10%) were unknown (Table 2).  

 All samples were examined by multiplex PCR method 
for the main ETEC three virulence genes including F5, F41, 
and STa with the sizes of 314 bp, 380 bp and 190 bp, 
respectively (Table 2). It was found that among all cases, 
only 7 (5.80%) of them were positive for F5, F41 and STa. 
The agn43 was detected in 101 samples. The region, 
placed between the end of the putative signal peptide and 
the beginning of the beta barrel domain containing the 
complete passenger domain were amplified and three 
different allelic patterns of gene were observed (Fig. 1); 
isolates having one copy of 1800 bp with the frequency of 
44.16% (53/120), isolates having one copy of 2200 bp 
with the frequency of 18.33% (22/120) and isolates 
having the both copies with the frequency of 21.66% 
(26/120). Isolates coding no similar region were 19 
(15.83%; Table 2). 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Fig. 1. Three different allelic patterns of Ag43 in enterotoxigenic 
Escherichia coli strains. Lane 1: Colony having a copy of passenger 
domain 1800 bp; Lane 2: Colony having a copy of passenger 
domain 2200 bp; Lane 3: Colony having two copies of passenger 
domain 1800 bp and 2200 bp; Lane M: DNA ladder. 

 
The frequency of different Ag43 profiles along with O-

types and K99, F41 and STa virulence factors presented 
together to investigate their relationship (Table 3). 
Different patterns of agn43 as well as isolates having no 
Ag43 were observed in all O-types. Allele encoding one 
copy of 2200 bp was absent in O9 and O115 groups. 

Table 1. List of the forward (F) and reverse (R) primers used 
in the study. 

Types Primers 

O8 
F: CAATCGCCAGAGGCATAA 
R: TCTGGCTGCCCTTGTGAG 

O9 
F: TGGGTGTTAAAAGACATCAA 

R: CCCAGAAATCCATGCTC 

O15 
F: ATTTTCACGAGGCATAGC 
R: AAGACTCACAATCGCACC 

O26 
F: GCTAAAATTCAATGGGCG 
R: ACATAAGCAATTGCAGCG 

O35 
F: GTTTCCCAGATAATCTCCTC 
R: AAATACCCTGTCACTACCG 

O78 
F: GGTATGGGTTTGGTGGTA 

R: AGAATCACAACTCTCGGCA 

O86 
F: GAGTTATTTTGGTTCACCCTT 
R: TAGCCCACCTATGAATAGAGC 

O101 
F: GTGTTACTTTCATATCGTCCAG 

R: ATGCAATGCGGTTTCTAC 

O115 
F: TCTAGATGGTGTTCTGAGGT 
R: GTCCATGACGATAAACCTG 

O119 
F: GTTAACAATCAGCTCGATAAAC 
R: TTTGCAAGTAAACACCCTAAAC 

16S 
F: AGAGTTTGATCC/ATGGCTCAG 

R: CCGTCAATTCCTTTGAGTTT 

K99 
F: TATTATCTTAGGTGGTATGG 

R: GGTATCCTTTAGCAGCAGTATTTC 

F41 
F: GCATCAGCGGCAGTATCT 

R: GTCCCTAGCTCAGTATTATCACCT 

STa 
F: GCTAATGTTGGCAATTTTTATTTCTGTA 
R: AGGATTACAACAAAGTTCACAGCAGTAA 

Ag43 
F: GTGGCGATTGCGCTGTCT 
R: TACACCGGTCTGATGGCT 

 

Table 2. O-types, virulence factors genes of E. coli isolates from calves with neonatal diarrhea. 

 
O-type 

Number of  
isolates (%) 

Number of isolates expressing the target genes  
F5(K99) F41 STa Ag43(1800bp) Ag43(2200bp) Ag43 (1800&2200bp) Ag43(NO) 

O101 51 (42.50%) 6 (5.00%) 6 (5.00%) 6 (5.00%) 20 (16.66%) 11 (9.16%) 9 (7.50%) 11 (9.16%) 
O8 18 (15.00%) 0 0 0 4 (3.33%) 4 (3.33%) 4 (3.33%) 6 (5.00%) 
O9 10 (8.33%) 0 0 0 5 (4.16%) 0 4 (3.33%) 1 (0.83%) 
O115 6 (5.00%) 0 0 0 3 (2.50%) 0 2 (1.66%) 1 (0.83%) 
Non typable 35 (29.16%) 1 (0.83%) 1 (0.83%) 1 (0.83%) 21 (17.50%) 7 (5.83%) 7 (5.83%) 0 
Total 120 (100%) 7 (5.83%) 7 (5.83%) 7 (5.83%) 53 (44.16%) 22 (18.33%) 26 (21.66%) 19 (15.83%) 
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All isolates having K99, F41 and STa virulence factors 
were also positive for Ag43. The frequency of isolates 
having only one copy of alleles, 1800 bp or 2200 bp, was 
the same (28.57%), while the isolates encoding both of the 
alleles were predominant (42.85%). 

 
 
 
 
 
 
 
 
 
 
 
 

Discussion 
 

The E. coli is a versatile bacterial species encompassing 
both commensal and pathogenic strains. Pathogenic 
strains are commonly identified by their virulence factors. 
Diarrheagenic E. coli has specific virulence factors for 
intra-intestinal colonization and propagation.  

In the first stages of colonization, the most essential 
relevant adhesion is F5.5,10,27 This fimbria was found to be 
the most common virulence factor of E. coli strains 
isolated from colibacillosis in dairy calves.28 In comparing 
the virulence factors found in this survey to those 
isolated in other countries, strains carrying the F5 
fimbrial adhesion gene also possessed the STa and F41 
genes.29 Although, data indicated a positive relationship 
between fimbrial adhesins and enterotoxins, at least 
among detected O-types, about 62.20% were negative for 
known ETEC virulence factors. It has been indicated that 
enterotoxin STa was not detected in any E. coli K99 
isolates from the diarrheic calves.30 Based on the other 
study, only 3.00 to 10.00% of strains isolated from calves 
diarrhea had F5 factor that is approximately in 
agreement with our findings.31 However, in some 
investigations, the prevalence rate of ETEC K99+ was 
about 30.00-100%.32-34 A complication for fimbrial 
identification arises from the fact that an isolate may 
produce a subclone which may or may not produce a 
fimbrial antigen, whereas another one may produce 
multiple fimbriae of different types.35 The similar 
frequency for K99 and F41 (5.30%) and a lower 
percentage of STa (4.02%) have been reported 
previously.7 A similar results was reported by Younis and 
El-Naker8 and lower prevalence (0.57%, 2.30%, and 
7.30%) was recorded by Zhang et al.36 All of ETEC 
pathotypes reported in Shahrani et al. study were K99+, 
while the sta gene was detected in only 4.46% of them.33 
Although, 25.00% of E. coli diarrheic samples of their 
study hadn’t any current virulence factors. Besides these 
 
 

 findings, Acha et al. work has shown that K99 adhesion is 
found in both healthy and diarrheal calves.30 According to 
the results of present study, low percentage of K99, B41 
and STa (5.80%), common factors in neonatal calves 
colibacillosis, also confirms the results of other studies that 
these factors may not play a role in the pathogenesis of 
this disease. In the case of O-types found in this survey, 
even, Kauffman has published a diagnostic scheme based 
on the distribution of H, O and K antigens as detected from 
septicemic and enteric colibacillosis in calves including O8, 
O9, O15, O20, O26, O35, O78, O86, O101, O115, O117 and 
O119.37 Although a variety of O-types has been associated 
with diarrhea, only a limited number of them has been 
reported in enteric infections of newborn calves. There is 
an evidence that reveal certain factors such as O-type is 
important in key steps for survival in the blood and 
resistance to bacterial killing by the host.38 Based on the 
results of this work, K99 positive isolates were O101. 
According to literature data, the majority of K99 isolates 
belonged to the O groups of O8, O9, O20 and O101.9 The 
scarce in knowledge about relationships between the 
presence of virulence factors and disease progression is 
more obvious and it is necessary to evaluate more 
virulence gene content of E. coli strains. Several studies 
were performed to determine the frequency of agn43 in 
different pathotypes of E. coli. Restieri et al. have 
illustrated that agn43 is the most common sequence of 
atuotransporters identified in clinical isolates of E. coli.18 It 
exists in uropathogenic E. coli (UPEC), diarrheagenic E. coli 
and avian pathogenic E. coli isolates with a high frequency 
of 94.00%, 91.00%, and 66.00%, respectively, whereas 
56.00% of the commensal fecal isolates contained agn43 
sequences.18 Wells et al. have identified 215 auto-
transporter proteins in 28 genomic sequences of E. coli 
including Ag43 with 54.30% identity and 84.50% 
similarity in all 28 ones.39 Sahl et al. have displayed a 
common genomic core in ETEC isolates by comparing 
seven sequenced human ETEC genomes and 42 non-ETEC 
strains of E. coli.20 Virulence factors and conserved 
proteins were identified as potential targets that could be 
included in vaccine development against a diversity of 
ETEC strains. Among them, agn43 existed 62.50% in ETEC 
genomes and 35.10% in non-ETEC genomes, 
respectively.20 In the present study, we found the gene 
encoding Ag43 in 101 of 120 (84.17%) fecal ETEC isolates 
verifying the high frequency of this protein. Furthermore, 
we identified strains containing more than one copy of 
agn43. It is believed that a gene duplication is a vital event 
for organisms to overcome the host immune response and 
to adapt to different microenvironments.19 Several copies 
of agn43 exist in E. coli strains belonging to different 
pathotypes. For example, ETEC strain H10407 possesses 
two copies, while EAEC strain 042 and EPEC strain B171 
possess three and four copies, respectively.39,40 Here, we 
obtained that E. coli strains isolated from neonatal calf 
 

 
 
 
 
 
 

Table 3. The relationship between O-Type, K99, F41, STa and 
Ag43 adhesion protein. 

Types 
Ag43 

1800 bp 2200 bp Both 1800 and 2200 bp Neither 
O101 20 11 9 11 
O8 4 4 4 6 
O9 5 0 4 1 
O115 3 0 2 1 
K99 2 2 3 0 
F41 2 2 3 0 
STa 2 2 3 0 
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diarrhea possessing two copies of agn43 and interestingly 
the others seemed to have each one of those copies. 
Evidently, our data demonstrated the gene encoding 1800 

bp as a predominant allelic variant of Ag43, particularly in 
O101 versus 2200 bp. These results indicated the diverse 
distribution of agn43 in bovine ETEC strains and verified 
the conservation of this gene in E. coli pathovars. 

The important point is the conservation of Ag43 
protein among isolated strains that make it difficult to 
establish a potent relationship between this antigen and 
others. However, the presence of Ag43 in K99, F41 and 
STa positive strains has an emphasis on investigating 
for other novel antigenic factors plying pathogenic roles 
in ETEC strains.  

In the end, our results provide data regarding the 
prevalence and relation of virulence factors that may be 
applicable to design widespread control and prevention 
strategies against calves enteric colibacillosis such as 
vaccines. Also, passenger domains of Ag43 gene were 
indicated as possible candidates for ETEC profiling. 
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