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Background
Avian pathogenic Escherichia coli (APEC) causes a variety 
of diseases in poultry, and results in significant economic 
losses in the chicken industry.1,2 Pathogenicity of APEC 
strains relates to the expression of several putative 
virulence factors including adhesions, toxins, protectins, 
as well as iron acquisition mechanisms and invasion 
factors.1,2 Johnson et al presented pentaplex design for 5 
genes carried by plasmids (iutA, hlyF, episomal iss, iroN, 
and episomal ompT), which are able to discriminate 
APEC from avian fecal E. coli (AFEC) to nearly the 
same degree as virulence genotyping for 46 genes.3 In 
this study, 5 virulence genes, iroN, ompT, iss, iutA, and 
hlyF were evaluated. The iss gene encodes the ISS protein 
which increases serum survival and prevents deposition 
of membrane attack complex of complement system. This 
gene occurs more frequently in APEC strains than in other 
strains isolated from apparently healthy birds.1-7 The iroN 
gene encodes IroN, which acts as siderophore receptor, 
and iutA gene encodes ferric aerobactin receptor, which 
involves in iron acquisition mechanism. OmpT encodes 

OmpT protease, which has been shown to cleave colicins 
A-E1-E2 and E3, and hlyF acts as avian hemolysin.7 There is 
no report, to the best of our knowledge, on the prevalence 
of these 5 genes (iutA, hlyF, iroN, ompT, and iss) in 
APEC isolates in Iran. The aim of the present study was 
therefore to determine the virulence gene profiles of avian 
pathogenic E. coli isolated from cases of colibacillosis in 
poultry farms in Alborz, Tehran, and Golestan provinces, 
Iran, by multiplex PCR technique. 

Materials and Methods
Collection of Samples and Microbiology 
A total of 60 E. coli isolates were obtained from 60 
colibacillosis cases from 30 commercial broiler poultry 
farms (2 isolates per farm) in Golestan, Alborz, and Tehran 
provinces, Iran, in 2017. Blood samples from hearts 
with pericarditis were cultured on the MacConkey agar 
(Merck, Germany) and incubated overnight at 37°C. The 
lactose positive colonies were identified by biochemical 
tests by Enterobacteriaceae diagnostic kit (Iran Daru Co., 
Iran), which included IND-GLU-H2S-CIT-ORN-LYS-
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URE-TBA-OMPG-MR-VP reactions. Isolates that were 
catalase, indole, and methyl-red positive, and oxidase, 
citrate, H2S, oxidase, and VP negative were considered as 
E. coli.

DNA Extraction 
Overnight cultures in 4 mL ELB broth were centrifuged 
for 7 minutes at 3500 rpm. The bacterial pellet was re-
suspended in 300 μL distilled water and boiled for 15 
minutes. The supernatant was used as template DNA after 
the tubes were centrifuged.8

Polymerase Chain Reaction Method 
Five sets of primers, previously described by Johnson et 
al,3 were used in the present study. The sequences of the 
primers, the related genes encoding virulence factors, and 
the thermocycler programs, are summarized in Table 1. 
Synthesis of the primers were done by CinnaGen, Iran. 
In 2 different protocols, the primers were used. In the 
first protocol, iss, ompT, and iroN primers, and in the 
second protocol, iutA and hlyF primers were amplified 
in 25 μL as total volume, containing 0.5 mM MgCl2, 2.5 
μL 10× polymerase chain reaction (PCR) buffer, 250 μM 
dNTPs, 0.5 U Taq DNA polymerase, and 1 μM (0.2 μL) 
of each primer. The amplified products were visualized 
by gel electrophoresis using 12 μL of the final mixture in 
1.5% agarose gel in TBE buffer (2.5 mM EDTA, 89 mM 
boric acid, 89 mM Tris). A 100–1000 bp DNA ladder 
(Fermentas, Massachusetts, United States) was used to 
determine the molecular weight of PCR products. 

Results
Culture Findings 
Escherichia coli was identified by biochemical tests in 
100% of the samples that were collected from the heart, 
liver, air sacs, and lunges of chickens. 

Polymerase Chain Reaction Findings 
PCR amplicons with molecular sizes of 302, 450, 553, 
496, and 323 bp were considered as iutA, hlyF, iroN, 

ompT, and iss gene specific segments (Figure 1). Presence 
of virulence genes were detected for iutA in 17 isolates 
(28.3%), hlyF in 26 isolates (28.3%), iroN in 24 isolates 
(40%), ompT in 26 isolates (43.3%), and iss in 23 isolates 
(38.3%). No amplification was detected for negative 
control. In addition, 26 (43.3%) isolates had at least three 
virulence genes and 12 (20%) isolates were positive for all 
5 virulence genes. In addition, the results of PCR assay 
indicated that 17 (28.3%) isolates carried iutA and hlyF 
genes together and 21 (35%) isolates carried iroN and 
ompT genes together, whereas, 34 (56.6%) isolates carried 
no investigated virulence genes. Furthermore, according 
to the results, four different virulence gene profiles were 
present in the isolates from which, profile one (iutA, hlyF, 
iroN, ompT, iss) with 12 (20%) isolates was predominant. 
Distribution of 5 virulence gene profiles of APEC isolates 
is presented in Table 2. 

Discussion
Escherichia coli is present in the environment of poultry 
as well as in normal microflora of the intestinal tract. 
However, the strains can act as APEC that possess specific 
virulence factors and are able to cause avian colibacillosis, 
resulting in great economic loss. The pathogenesis of E. 
coli is related to the wide range of different virulence genes. 
In this study, the presence of 5 virulence genes, including 
iutA, hlyF, iroN, ompT, and iss were verified by multiplex 
PCR analysis. The iss gene involves in serum survival, iroN 
and iutA involve in iron acquisition mechanisms, ompT 
encodes protease which cleaves colicins, and hlyF acts 
as avian hemolysin.7 The link between APEC virulence 
and the possession of ColV plasmid was shown in several 
studies.4,5 The 93-kb putative virulence region of pAPEC-
O2-COIV was found to contain several genes or operons 
such as ompT, salmochelin operon (iroBCDN), iss, iutA 
and hlyF.5 Therefore, evaluation of some genes in the 
conserved region of ColV plasmid could be helpful in 
the differentiation of APEC from commensal strains.3,5,7 
Studies have shown that the iss gene,3-5,7,10,11 iroN, iutA, 
ompT genes,3,5,7 and hlyF gene3,5 occur more frequently 

Table 1. Primer Sets Used in Multiplex PCR for Amplification of APEC Virulence Genes

Gene Primer pairs (5ˊ-3ˊ) PCR Program* Product Size (bp) Description Reference

iutA
GGCTGGACATCATGGGAACTGG
CGTCGGGAACGGGTAGAATCG

1 302
Aerobactin siderophore 
receptor gene

3

hlyF
GGCCACAGTCGTTTAGGGTGCTTACC
GGCGGTTTAGGCATTCCGATACTCAG

1 450
Putative avian 
hemolysin

3

iroN
AATCCGGCAAAGAGACGAACCGCCT
GTTCGGGCAACCCCTGCTTTGACTTT

1 553
Salmochelin siderophore 
receptor gene

3

ompT
TCATCCCGGAAGCCTCCCTCACTACTAT
TAGCGTTTGCTGCACTGGCTTCTGATAC

2 496
Episomal outer 
membrane protease 
gene

3

iss
CAGCAACCCGAACCACTTGATG
AGCATTGCCAGAGCGGCAGAA

2 323
Episomal increased 
serum survival gene

3

* 1, 30 cycles (94°C, 30 s; 63°C, 30 s; 68°C, 2 min); 2, 35 cycles (94°C, 30 s; 40°C, 30 s; 70°C, 2 min).
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in APEC strains than in other strains isolated from 
apparently healthy birds. There is a strong correlation 
between serum resistance and virulence.12 Several studies 
have indicated that E. coli can escape from the bactericidal 
actions of complement system due to serum resistance; 
this may lead to avian colisepticemia.13 The iss gene is an 
important gene present in APEC which is responsible for 
serum resistance.3,14 Prevalence of iss gene was reported 
in 72%-82% of APEC isolates in several studies.3,5,7,10,11,14,15 
The prevalence was 58.5% in China,16 57% and 63% in 
Hungary,17,18 41.5% in Korea,19 and 38.5% in Brazil.9 
In this study, it was shown that iss gene was present in 
38.3% of APEC isolated from avian colibacillosis. The 
iroN gene encodes IroN, which acts as siderophore 
receptor. It is suggested that the iron acquisition system 
is involved in the virulence of APEC.19 Among the APEC 
genes, redundancy in iron-acquisition genes may be an 
indicator of the role of iron in the pathogenesis of avian 
colibacillosis.1,7 The frequency of ompT and iroN in 
APEC isolates was reported to be 70.5% and 88.2%  by 
Rodriguez-Siek et al, and 67.2% and 85.5% by Johnson 
et al, respectively.3,5,7 In our study, the prevalence of 
these genes was 43.3% and 40% in APEC isolates. In 
two studies by Johanson et al, the frequency of hlyF in 
APEC cases was reported 78.2% and 81.7%, while in the 
current study, 17 (28.3%) of the isolates carried hlyF.3,7 
According to the studies, although these genes (iutA, 
hlyF, iroN, ompT, and iss) may play an important role 
in the pathogenicity of APEC isolates, differences in the 
prevalence rates of these genes were reported.20 Since the 
outbreak of disease is dependent on host, pathogen, and 
environmental factors, any changes in one of these factors 
can possibly affect the incidence of disease. None of these 
5 virulence genes were found in 34 (56.6%) of the isolates; 
it seems these are opportunistic E. coli the lack of which 
and probably the existence of predisposing factors such 
as inconvenient management and environmental factors 
contributed them to cause disease with typical signs and 
lesions. Virulence factors are multifactorial phenomena; 
for example, several structural factors including a smooth 
lipopolysaccharide layer or particular lipopolysaccharide 
type, K1 capsule or other capsule types, and certain outer 
membrane proteins including TraT, ISS, and OmpA 
contribute to the resistance of APEC to the complement 
system.1 Thus, certain pathogenic characteristics, like 

serum resistance, are presented by more than one gene, 
and the absence of a certain gene does not necessarily 
lead to the absence of the phenotypic characteristic.21 
Delicato et al suggested that several types of these genes 
and yet other undetected virulence genes should be 
searched in APEC, and not any single gene could be used 
as a target for the differentiation of APEC from AFEC.9 
Furthermore, according to the results, 12 (20%) isolates 
carried the 5 genes, while 34 (56.6%) isolates carried 
none of these genes. These results are in agreement with 
the previous reports from Johnson et al and Barnes et al 
who emphasized the existence of these virulence genes 
in conserved region of ColV plasmid, and showed the 
presence of this plasmid in APEC isolates.1,3,5,22 

In attempt to identify common traits of the Iranian 
APECs, some studies have attained interesting findings. 
Mohsenifard et al23 phylotyped 290 E. coli isolates and 
investigated the presence of seven virulence genes (ompT, 
hly, iss, iutA, iron, tsh, and cvaC) in ColV plasmid by 
multiplex PCR. They found that most of the APEC 
isolates fell into the phylogenetic group A and subgroup 
A1. Furthermore, ColV plasmid, carrying virulence 
genes, was significantly higher in APEC compared to 
the AFEC. They concluded that having several virulence 
genes in ColV plasmid and belonging to the phylogenetic 
group A might provide useful characteristics for the better 
identification of Iranian APECs. Asadi et al24 phylotyped 
83 E. coli isolates from poultry with colibacillosis and 34 
isolates from carcasses with cellulitis and showed that 
colibacillosis isolates belonged to A (54.21%), B1 (7.22%), 
B2 (6.03%), and D (32.53%) phylogroups. Whereas, 
the isolates from cellulitis cases belonged to three main 
phylogroups: A (55.88%), B1 (5.88%), and D (38.24%). 
Moreover, they showed that based on the statistical 
analysis, there was a specific association between the 
presence of crl virulence gene and phylogroups of A and D 
in the colibacillosis isolates. Hasani et al25 searched three 
virulence genes in 71 isolates and found that 53.5%, 35.2%, 

Table 2. Virulence-Associated Gene Profiles of APEC Isolates

Profile  
Number

Virulence Gene Profiles
Number of 

isolates
Percent

1 iutA, hlyF, iroN, ompT, iss 12 20

2 iutA, hlyF, iroN, ompT 3 5

3 iutA, hlyF, ompT, iss 2 3.3

4 iroN, ompT, iss 9 15

Total 26 43.3

Figure 1. Agarose Gel Electrophoresis (1.5%) of Multiplex PCR Products. 
Lanes 1 and 12: negative control. Lane 2: positive control for iutA, hlyF, and 
iroN (302, 450, and 553 bp). Lanes 3 and 6: iutA, and hlyF positive isolates. 
Lanes 4, 8, 9, and 11: iutA, hlyF, and iroN positive isolates. Lanes 5 and 
10: hlyF and iroN positive isolates. Lane 7: DNA molecular weight marker 
(100-1000 bp).
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and 49.3% carried irp2 (the iron-repressible protein), papC 
(pyelonephritis-associated pili), and tsh (temperature-
sensitive hemagglutinin) genes, respectively. They also 
showed high rate of antibiotic resistance in these isolates. 
These authors in another study conducted phylogenic 
typing of 70 E.coli isolates and reported that 50% isolates 
were classified as type A, 45% as type D, 2.8% as type B1, 
and 2.8% as type B2, and concluded that possibly this type 
of E. coli could acquire virulence genes from pathogenic 
types.26 

Conclusion
Samples of the current study were collected from different 
broiler flocks; this may have contributed to the differences 
in the results. Generally, it is concluded that APEC can 
cause multifactorial diseases, including those caused 
by host-pathogen interactions. Thus, biological and 
molecular characterization related to appropriate animal 
models are needed to well understand the pathogenicity 
of the APEC.

Authors’ Contributions
Conception and design of the study was done by PHK, HP. SM 
participated in data collection and sampling. HP implemented the 
experiments and analyzed the results. GA handled drafting and 
revision of manuscript. Final approval of the manuscript was done 
by all authors.

Ethical Approval 
Our pilot study was anonymous. The consent and agreement form 
was not applicable in our study.

Conflict of Interest Disclosures 
The authors declare that they have no conflict of interests.

Financial Support
This work did not receive any specific grant from any funding.

References
1.	 Barnes HJ, Nolan LK, Vaillancourt JP. Colibacillosis. In: Saif 

YM, Fadly AM, Glisson JR, McDougald LR, Nolan LK, Swayne 
DE, et al. Diseases of poultry. 12th ed. Ames, IA: Blackwell 
Publishing; 2008:691-732.

2.	 Ghanbarpour R, Sami M, Salehi M, Ouromiei M. Phylogenetic 
background and virulence genes of Escherichia coli isolates 
from colisepticemic and healthy broiler chickens in Iran. 
Trop Anim Health Prod. 2011;43(1):153-157. doi:10.1007/
s11250-010-9667-2

3.	 Johnson TJ, Wannemuehler Y, Doetkott C, Johnson SJ, 
Rosenberger SC, Nolan LK. Identification of minimal predictors 
of avian pathogenic Escherichia coli virulence for use as a 
rapid diagnostic tool. J Clin Microbiol. 2008;46(12):3987-
3996. doi:10.1128/jcm.00816-08

4.	 Dziva F, Stevens MP. Colibacillosis in poultry: unravelling the 
molecular basis of virulence of avian pathogenic Escherichia 
coli in their natural hosts. Avian Pathol. 2008;37(4):355-366. 
doi:10.1080/03079450802216652

5.	 Johnson TJ, Siek KE, Johnson SJ, Nolan LK. DNA sequence of 
a ColV plasmid and prevalence of selected plasmid-encoded 
virulence genes among avian Escherichia coli strains. J 

Bacteriol. 2006;188(2):745-758. doi:10.1128/jb.188.2.745-
758.2006

6.	 Nakazato G, de Campos TA, Stehling EG, Brocchi M, da 
Silveira WD. Virulence factors of avian pathogenic Escherichia 
coli (APEC). Pesq Vet Bras. 2009;29(7):479-486. doi:10.1590/
S0100-736X2009000700001  

7.	 Rodriguez-Siek KE, Giddings CW, Doetkott C, Johnson TJ, 
Nolan LK. Characterizing the APEC pathotype. Vet Res. 
2005;36(2):241-256. doi:10.1051/vetres:2004057

8.	 Pourtaghi H, Sodagari HR. Antimicrobial resistance of 
entrotoxigenic and non-entrotoxigenic Escherichia coli 
isolated from diarrheic calves in Iran. Int J Enteric Pathog. 
2016;4(2):e34557. doi:10.17795/ijep34557

9.	 Delicato ER, de Brito BG, Gaziri LC, Vidotto MC. Virulence-
associated genes in Escherichia coli isolates from poultry with 
colibacillosis. Vet Microbiol. 2003;94(2):97-103.

10.	 McPeake SJ, Smyth JA, Ball HJ. Characterisation of avian 
pathogenic Escherichia coli (APEC) associated with 
colisepticaemia compared to faecal isolates from healthy 
birds. Vet Microbiol. 2005;110(3-4):245-253. doi:10.1016/j.
vetmic.2005.08.001

11.	 Pfaff-McDonough SJ, Horne SM, Giddings CW, et al. 
Complement resistance-related traits among Escherichia 
coli isolates from apparently healthy birds and birds with 
colibacillosis. Avian Dis. 2000;44(1):23-33.

12.	 Mellata M, Dho-Moulin M, Dozois CM, et al. Role of virulence 
factors in resistance of avian pathogenic Escherichia coli to 
serum and in pathogenicity. Infect Immun. 2003;71(1):536-
540.

13.	 Parreira VR, Arns CW, Yano T. Virulence factors 
of avian Escherichia coli associated with swollen 
head syndrome. Avian Pathol. 1998;27(2):148-154. 
doi:10.1080/03079459808419316

14.	 Sampaio Baptista AA, Kobayashi RKT, Venancio EJ, Vidotto MC. 
Cloning, expression and sequence diversity of iss gene from 
avian pathogenic Escherichia coli (APEC) isolated in Brazil. 
Semin Cienc Agrar. 2010;31(3):723-732. doi:10.5433/1679-
0359.2010v31n3p723

15.	 Jeffrey JS, Nolan LK, Tonooka KH, et al. Virulence factors of 
Escherichia cofi from cellulitis or colisepticemia lesions in 
chickens. Avian Dis. 2002;46(1):48-52. doi:10.1637/0005-
2086(2002)046[0048:vfoecf]2.0.co;2

16.	 Jin WJ, Zheng ZM, Zhang YZ, et al. Distribution of Virulence 
-Associated Genes of Avian Pathogenic Escherichia coli 
isolates in China. Agric Sci China. 2008;7:1511-1515.

17.	 Catana N, Popa V, Fodor I, Maroiu G. Molecular screening 
regarding the presence of the iss genes, fim H and ompA at 
the E. coli isolated from the broiler chickens. Buletin USAMV 
Veterinary Medicine. 2008;65(2):310-315.

18.	 Catana N, Popa V, Herman V, Fodor I. Phenotypical and 
genotypical characteristics of E. coli strains isolated from 
avian colibacillosis outbreaks. Lucrari Stiintifice Medicina 
Veterinara. 2008;41:340-343.

19.	 Won GY, Moon BM, Oh IG, et al. Profiles of virulence-
associated genes of avian pathogenic Escherichia coli isolates 
from chickens with colibacillosis. J Poult Sci. 2009;46(3):260-
266. doi:10.2141/jpsa.46.260

20.	 Someya A, Otsuki K, Murase T. Characterization of Escherichia 
coli strains obtained from layer chickens affected with 
colibacillosis in a commercial egg-producing farm. J Vet Med 
Sci. 2007;69(10):1009-1014.

21.	 Vandekerchove D. Colibacillosis in battery-caged layer hens: 
clinical and bacteriological characteristics, and risk factor 



 International Journal of Enteric Pathogens  Volume 7, Issue 1, February 20198

Haghighi Khoshkhoo et al

analysis. Belgium: Ghent University; 2004.
22.	 Johnson TJ, Wannemuehler YM, Nolan LK. Evolution of 

the iss gene in Escherichia coli. Appl Environ Microbiol. 
2008;74(8):2360-2369. doi:10.1128/aem.02634-07

23.	 Mohsenifard E, Asasi K, Sharifiyazdi H, Basaki M. Phylotyping 
and ColV plasmid-associated virulence genotyping of E. 
coli isolated from broiler chickens with colibacillosis in 
Iran. Comp Clin Path. 2016;25(5):1035-1042. doi:10.1007/
s00580-016-2303-4

24.	 Asadi A, Zahraei Salehi T, Jamshidian M, Ghanbarpour R. 
ECOR phylotyping and determination of virulence genes 
in Escherichia coli isolates from pathological conditions 
of broiler chickens in poultry slaughter-houses of southeast 

of Iran. Vet Res Forum. 2018;9(3):211-216. doi:10.30466/
vrf.2018.30827

25.	 Hasani B, Banani M, Nouri A, Goudarzi H, Mahmoudzadeh 
Akhijahani M. Detection of three virulence genes in E. coli 
isolates from commercial broilers with colibacillosis and their 
antibiotic resistance profiles in Tabriz area, Iran. Arch Razi 
Inst. 2017;72(1):1-8. doi:10.22034/ari.2016.107491

26.	 Hasani B, Shayegh J, Ameghi A, Mikaili P, Mahmoudzadeh 
Akhijahani M. Phylogenic typing of Escherichia coli isolated 
from broilers with collibacillosis in Tabriz, North West 
of Iran. Arch Razi Inst. 2013;68(1):43-46. doi:10.7508/
ari.2013.01.007


