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Abstract
Avian pathogenic Escherichia coli (APEC) causes colibacillosis that leads to high morbidity and mortality among poultry birds.
To date, there is a lack of knowledge about virulence-associated genes (VAGs) and multidrug resistance of APEC isolates from
Pakistan. In this study, we determined the VAGs and antibiotic resistance profiles of APEC isolates recovered from colibacillosis
affected broilers in Faisalabad region of Pakistan. A total of 84 diseased and dead birds from different local broilers farms were
collected and examined for the gross lesions of colibacillosis by conducting postmortem examination. Of these, APEC isolates
were recovered from 75 (89.2%) birds. Antibiotic susceptibility tests against 11 antimicrobial agents showed the highest resis-
tance against ampicillin (98.6%) followed by tetracycline (97.3%) and ciprofloxacin (72%). The presence of 11 virulence-
associated genes (VAGs) was detected by multiplex polymerase chain reaction (PCR). Of the 75 APEC, 32 (42.6%) harbored
> 5 VAGs. Most commonly found genes were increased serum survival (iss; 84%), iron transport (iutA; 74.6%), and colicin V
(ColV; 60%). Twenty-two isolates (29.3%) were found to possess a combination of VAGs; iss, tsh, iroN, and iutA, in addition to
other VAGs. To the best of our knowledge, this is the first report on the detection of virulence-associated genes and multidrug
resistance among APEC isolates in Pakistan. In the future, the strains with the predominant set of VAGs can be used for
colibacillosis diagnosis and as a potential vaccine candidate.
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Introduction

Avian pathogenic Escherichia coli (APEC) has been reported
as an etiologic agent of colibacillosis in poultry, responsible
for great economic losses worldwide. The losses are due to
mortality, carcass condemnations, costs acquired in the pre-
vention and control of the disease (Ronco et al. 2017). Avian
colibacillosis causes several local and systemic infections like
septicemia, omphalitis, swollen head syndrome, cellulitis,
pericarditis, perihepatitis, yolk sac infection, or an

amalgamation of these syndromes (Filho et al. 2015). APEC
strains are responsible for 2–3% reduction in egg production
and 3–4% for the mortality of birds in a farm (Solà-Ginés et al.
2015).

It has been a frequent practice to use antibiotics to treat
birds affected with colibacillosis. Studies have reported that
antibiotics like penicillin, chloretetracycline, bacitracin,
salinomycin, and colistin have been used in chicken broilers
as growth promoters and disease preventive measures
(Saleemi et al. 2014; Subedi et al. 2018). The presence of
multidrug resistance and resistance genes among APEC iso-
lates is of high significance (Younis et al. 2017; Zhang et al.
2017). The use of antimicrobials in poultry bird’s feed may
modify the intestinal flora by creating a selective pressure in
favor of resistant bacterial populations (such as resistant
E. coli) that can find their way into the food chain and envi-
ronment. The emergence of multidrug resistance among
APEC strains has posed serious challenges in antimicrobial
therapy of colibacillosis (Lv et al. 2018). Prolonged
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medication has resulted in widespread resistance to therapeu-
tic agents. APEC strains are also found to be multidrug resis-
tant as they have acquired resistance genes through horizontal
gene transfer (Li et al. 2013).

The ability of APEC to cause disease depends on numerous
virulence factors such as adhesins (papC, papG allele I, II, III,
fimH, sfaS), invasins (afaD, ibeA, aap), protectins (iss, traT,
rfc, ompT), toxins (hlyF, hlyD, sat, astA), and iron acquisition
(iroN, iutA, iucD, sitAC, sitAP) mechanisms that protect them
from the host immune response and enable their extra-
intestinal existence (Olesen 2017). There is no single or a set
of specific virulence genes which has been proved to be sys-
temically associated with APEC, thus making it difficult to
diagnose APEC and the design of the antimicrobial/vaccine
that targets all APEC isolates, simultaneously (Guabiraba and
Schouler 2015). The characterization of APEC isolates is crit-
ical to understand the pathogenesis of colibacillosis and to
reach effective prevention and control strategies for the dis-
ease (Lutful Kabir 2010). The diagnostic strategies to identify
APEC isolates have relied on detection of several virulence
genes of E. coli (Schouler et al. 2012). Knowledge about
epidemiology of APEC in broiler chicken has been reported
in previous studies throughout the world including Korea
(Jeong et al. 2012), UK (Kemmett et al. 2014), Egypt
(Mohamed et al. 2014), Brazil (Barbieri et al. 2015), Mexico
(Vhm et al. 2017), Algeria (Mohamed et al. 2018), and Nepal
(Subedi et al. 2018). The importance and interaction of spe-
cific virulence genes that determine pathogenesis of APEC
infections are still poorly understood (Díaz et al. 2012). In
addition to the presence of VAGs, APEC is commonly char-
acterized by serogrouping. Previous studies have shown the
most common APEC belonged to the serogroups O1, O2, and
O78 (Lutful Kabir 2010).

However, there is a lack of data regarding virulence
genotyping and antimicrobial susceptibility of APEC isolates
from Pakistan. Therefore, the objective of this study was to
determine the genetic background and to find the pattern of
antimicrobial resistance among APEC isolates from broilers
that died due to colibacillosis.

Materials and methods

Sample collection and bacterial isolation

Eighty-four diseased and dead broilers in different local poul-
try farms were collected and examined for the gross lesions of
colibacillosis by postmortem at the Veterinary Diagnostic
Laboratory located in the Department of Pathology,
University of Agriculture, Faisalabad. Samples of the heart
(n = 68) and liver (n = 16) showing characteristic fibrinous
pericarditis and fibrinous hepatitis were collected separately
aseptically for bacterial isolation. Briefly, the sample was

minced and a loopful of inoculum from homogenized tissue
was streaked on MacConkey agar (Oxoid™) plates and incu-
bated for 18–24 h at 37 °C. Bacterial growthwas observed and
lactose-fermenting single isolated colony was subjected for
biochemical identification. Biochemical tests of the E. coli
isolates were done by using a rapid kit by Remel RapID
One (Oxoid, UK) as per manufacturer’s instructions. The gen-
erated color code was confirmed through ERIC© software.

Antimicrobial susceptibility testing

E. coli isolates were examined for the antimicrobial suscepti-
bility testing using the Kirby-Bauer disc diffusion method.
Two to three bacterial colonies from pure culture were picked
with sterile loop and inoculated in 5 ml sterile normal saline to
produce uniform bacterial lawn on MH-agar (Oxoid, UK)
plate. A total of 11 antimicrobials were tested namely ampi-
cillin, colistin, ciprofloxacin, chloramphenicol, cefotaxime,
ceftriaxone, gentamicin, tetracycline, imipenem, streptomy-
cin, and sulfamethoxazole-trimethoprim. After incubation at
37 °C for 18–24 h, the zones of inhibition were measured, and
the results were interpreted as described by clinical laboratory
standards institute guidelines (CLSI 2012). Escherichia coli
ATCC-25922 strain was used as negative control.

Virulence genotyping of APEC isolates by multiplex
PCR scheme

Briefly, a single colony of bacterial isolate was cultured in
brain heart infusion broth overnight at 37 °C and genomic
DNA was extracted using commercially available bacterial
DNA extraction kit (Vivantis GF-1, USA). The quality of total
genomic DNAwas estimated by using Nanodrop-1000 spec-
trophotometer (Thermo-scientific®). The absorbance was
measured at A260/A280 and A260/A230 ratios to obtain 50 ng/
μl DNA for PCR. The genomic DNAwas used to determine
the presence of multiple genes known to be associated with
APEC virulence. Three multiplex PCR profiles targeting dif-
ferent gene combinations simultaneously were used in this
study. Multiplex PCR profile one targeted ColV and papG
genes; the profile II was used to target three genes: papG allele
I, papG allele II, and papG allele III and a set of six genes: iss,
tsh, iutA, iroN, ompT, and hlyF combinations were targeted
according to the profile three. The thermal cycler conditions
were as described previously (Ewers et al. 2005; Trampel et al.
2007;Wook et al. 2014; Paixao et al. 2016). The description of
targeted genes, the primers used in this study, and the sizes
(bp) of amplified products are summarized in Table 1.

The amplicons were analyzed by agarose gel electrophore-
sis with 1.2% agarose gel (Sigma Aldrich), prepared in 1X
Tris-acetate-EDTA (TAE) buffer (Thermo-scientific®). After
electrophoresis, gel was visualized under UV light in Dolphin
ID Gel documentation system (Wealtec, USA).
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Results

Based upon postmortem examination, 84 diseased and/or fresh-
ly dead birdswere collected for this study showing predominant
lesions of colibacillosis including pericarditis, perihepatitis,
airsacculitis, and splenitis. E. coli isolates were recovered from
75 (89.2%) samples (heart: n = 65; liver: n = 10) based on col-
ony morphology and biochemical characteristics.

Antimicrobial sensitivity testing results by disc diffusion
method showed that 100% APEC isolates possess phenotypic
resistance to at least three different antimicrobial drugs; so all
the isolates were multidrug resistant (MDR). Out of 75 iso-
lates, resistance was found in 74 (98.6%) isolates to ampicil-
lin, 73 (97.3%) isolates to tetracycline, 54 (72%) isolates to
ciprofloxacin, and 52 (69.3%) isolates to chloramphenicol.
All the isolates were multidrug resistant but none of the isolate
(0%) found resistant against imipenem (Fig. 1).

Out of 75 E. coli isolates, 32 (42.6%) isolates were consid-
ered as more virulent APEC, according to the genetic criteria
of harboring at least five VAGs. Virulence gene combinations
of 32 highly virulent isolates from the heart (n = 25) and liver
(n = 7) are shown in Fig. 2. Most commonly found genes were
increased serum survival (iss; 84%), iron transport (iutA;
74.6%), colicin V (ColV; 60%), temperature sensitive hemag-
glutinin (tsh; 57.3%), and iron acquisition system (iroN;
57.3%). The percentage of the distribution of VAGs among
75 APEC isolates is listed in Table 2.

Discussion

The primary objective of this study was to provide insight into
the distribution of VAGs among avian pathogenic Escherichia
coli (APEC) isolates at broiler poultry farms of Pakistan. To
the best of our knowledge, there is scarcity of data about the
VAGs and multidrug resistance among APEC strains

Table 1 Primers used for the amplification of virulence-associated genes

Gene Description Primers Sequences (5′-3′) Amplicon size (bp) Reference

iss Increased serum survival gene iss-F CAGCAACCCGAACCACTTGATG 323 Trampel et al. 2007
iss-R AGCATTGCCAGAGCGGCAGAA

tsh Temperature-sensitive hemagglutinin gene tsh-F GGGAAATGACCTGAATGCTGG 420 Trampel et al. 2007
tsh-R CCGCTCATCAGTCAGTACCAC

iutA Ferric aerobactin receptor gene; iron transport iutA-F GGCTGGACATCATGGGAACTGG 302 Trampel et al. 2007
iutA-R CGTCGGGAACGGGTAGAATCG

iroN Catecholate siderophore receptor gene iroN-F AAGTCAAAGCAGGGGTTGCCCG 667 Trampel et al. 2007
iroN-R GACGCCGACATTAAGACGCAG

hlyF Hemolysin F gene hlyF-F GGCGATTTAGGCATTCCGAT
ACTC

599 Trampel et al. 2007

hlyF-R ACGGGGTCGCTAGTTAAGGAG

ompT Outer membrane protease gene ompT-F ATCTAGCCGAAGAAGGAGGC 559 Trampel et al. 2007
ompT-R CCCGGGTCATAGTGTTCATC

papGI Pyelonephritis-associated pili allele I papGI-F TCGTGCTCAGGTCCGGAATTT 461 Wook et al. 2014
papGI-R TGGCATCCCCCAACATTATCG

papGII Pyelonephritis-associated pili allele II papGII-F GGGATGAGCGGGCCTTTGAT 190 Wook et al. 2014
papGII-R CGGGCCCCCAAGTAACTCG

papGIII Pyelonephritis-associated pili allele IIII papGIII-F GGCCTGCAATGGATTTACCTGG 258 Wook et al. 2014
papGIII-R CCACCAAATGACCATGCCAGAC

papC Encode for P pilus papC-F TGATATCACGCAGTCAGTAGC 501 Paixao et al. 2016
papC-R CCGGCCATATTCACATAAC

ColV Colicin V ColV-F TCCAAGCGGACCCCTTATAG 598 Ewers et al. 2005
ColV-R CGCAGCATAGTTCCATGCT
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Fig. 1 Percentage (%) of resistance against antimicrobial
agents. Ampicillin (AMP), cefotaxime (CTX), ceftriaxone (CRO),
chloramphenicol (C), ciprofloxacin (CIP), colistin (CT), gentamicin
(CN), imipenem (IMP), streptomycin (S), sulfamethoxazole-
trimethoprim (SXT), and tetracycline (TE)
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L-07 Heart 6

L-08 Heart 7

L-09 Heart 7

L-10 Heart 6

L-11 Heart 5

L-12 Heart 5

L-13 Heart 5

L-15 Liver 5

L-16 Heart 7

L-18 Liver 7

L-19 Liver 6

L-21 Liver 5

L-25 Liver 8

L-26 Liver 6

L-28 Heart 5

L-29 Liver 5

L-30 Heart 5

L-36 Heart 6

L-37 Heart 6

L-38 Heart 6

L-40 Heart 5

L-46 Heart 6

L-48 Heart 5

L-50 Heart 5

L-53 Heart 5

L-54 Heart 5

L-58 Heart 6

L-61 Heart 7

L-62 Heart 5

L-63 Heart 5

L-64 Heart 6

L-67 Heart 6

Fig. 2 Virulence-associated genes among APEC isolates.
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burdening local broiler production in Pakistan. The current
investigation showed that highly virulent and multidrug-
resistant APEC strains colonized in colibacillosis-affected
broilers. This was achieved by screening 84 birds, of which
75 showed virulence genotyped and 32 (42.6%) isolates har-
boring ≥ 5 VAGs. This is in agreement with previous studies
in US (Zhao et al. 2005), Spanish (Solà-Ginés et al. 2015),
Brazilian (Rocha et al. 2008), Egyptian (Eid et al. 2016),
Malaysian (Roseliza et al. 2017), and Nepalian (Subedi et al.
2018) poultry farms which confirmed the presence of a num-
ber of virulence genes among APEC in broiler chickens.

In the present study, we used multiplex PCR for mo-
lecular characterization of APEC isolates recovered from
diseased broiler chicken. Johnson et al. (2008) described a
pentaplex PCR amplifying five VAGs: iss, iutA, iroN,
hlyF, and ompT carried by plasmids. Schouler et al.
(2012) reported four sets of VAGs in E. coli to be classi-
fied as APEC. Moreover, Dissanayake et al. (2014)
showed a combination of ompT, iroN, hlyF, and sitAP
possessed by 30 out of 55 clinical APEC isolates. In this
study, we used three multiplex PCR profiles for the de-
tection of 11 VAGs and found a hexaplex PCR targeting a
combination of six VAGs: iss, tsh, iutA, iroN, ompT, and
hlyF as more reliable and rapid diagnostic scheme. Out of
22 isolates (29.3%) showing a combination of VAGs, 12
isolates harbor five of six genes targeted by hexaplex PCR
scheme. Moreover, this study showed the most prevalent
set of VAGs: iss, tsh, iroN, and iutA among 22 (29.3%)
isolates.

The results revealed that the frequency of VAGs was
different from those previously reported. The increased
serum survival gene (iss) has been detected in 51.2% of
the APEC analyzed by Roseliza et al. (2017). Similarly,
iss gene has been reported in 95.6% and 63.8% of the
APEC strains studied by Vhm et al. (2017) and Dou

et al. (2015). In this study, 84% of isolates harbored iss
gene. Another common VAGs, namely iutA, which in-
volved in E. coli iron transport, has been found in
74.6% APEC isolates. Similarly, Solà-Ginés et al. (2015)
detected 95% of the isolates positive for the iutA gene;
Mbanga and Nyararai (2015) reported 80% isolates posi-
tive for the iutA.

Multidrug resistance among E. coli has become an
emerging challenge for its control (Azam et al. 2017;
Mohsin et al. 2017). In previous published reports,
E. coli isolates from poultry showed high rates of resis-
tance against ampicillin, tetracycline, sulfamethoxazole-
trimethoprim, streptomycin, and chloramphenicol from
the USA (Johnson et al. 2005), Korea (Kim et al. 2007),
Bangladesh (Akond 2009), China (Jiang et al. 2011), and
Australia (Obeng et al. 2012). In another study, the highest
resistance among E. coli isolates from poultry was reported
against tetracycline (91.0%) followed by nalidixic acid
(83.0%), ampicillin (82.0%), amoxicillin (80.0%), strepto-
mycin (69.0%), ciprofloxacin (67.0%), chloramphenicol
(63.5%), co-trimoxazole (60.8%), enrofloxacin (32.0%),
kanamycin (31.0%), gentamicin (30.9%), florfenicol
(20.9%), and ceftiofur (8.5%) (Nhung et al. 2017). In the
present study, all of the APEC were MDR (100%) with the
highest resistance against ampicillin (98.6%) followed by
te t r acyc l ine (97 .3%) and c ip ro f loxac in (72%) .
Antimicrobial resistance among APEC isolates from poul-
try is prospective to cause economic losses, consequential
from expenditure on ineffective antimicrobials, as well as
the burden of untreated poultry disease.

The identification of virulence-associated genes of
APEC and antibiotic resistance is imperative to understand
its pathogenesis, antimicrobial therapy, and the develop-
ment of its control strategies. A holistic approach is re-
quired for the prevention and control of avian colibacillosis
in Pakistan.
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Table 2 Frequency of VAGs among APEC isolates

VAGs No. of
isolates

Percentage
(%)

iss 63 84

iutA 56 74.6

tsh 43 57.3

iroN 43 57.3

hlyF 17 22.6

ompT 15 20

ColV 45 60

papC 12 16

papGI 9 12

papGII 10 13.3

papGIII 1 1.3
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