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Abstract

Avian pathogenic Escherichia coli (APEC) induces colibacillosis, an acute and systemic disease, resulting in
substantial economic losses in the poultry sector. This study aimed to investigate the antibiotic resistance
pattern associated with frequent virulence gene distribution in APEC 078:K80 that may cause pathological
alterations in chickens. The antibiogram profile showed high resistance to erythromycin, chloramphenicol,
tetracycline, ampicillin, and co-trimoxazole, followed by intermediate resistance to ciprofloxacin, levofloxacin,
enrofloxacin, norfloxacin, nitrofurantoin, and doxycycline hydrochloride, and sensitive to amikacin, streptomycin,
gentamicin, and colistin. Virulence gene distribution identifies eight (irp-2, iutA, ompT, iss, iucD, astA, hlyF, iroN)
genes through a conventional polymerase chain reaction. APEC 078:K80 caused significantly high liver enzyme
concentrations, serum interleukin-6 and tumor necrosis factor-alpha levels in experimental birds. Also, infected
birds have hypoproteinemia, hypoalbuminemia, and hyperglobulinemia. Necropsy examination revealed fibrinous
perihepatitis and pericarditis, congested lungs, intestinal ecchymotic hemorrhages and necrotizing granulomatosis
of the spleen. Histopathological examination depicted hepatocellular degeneration, myocardial necrosis, interstitial
nephritis, intestinal hemorrhages and lymphopenia in the spleen. This study is the first evidence to assess the
antibiotic resistance profile linked with virulence genes and clinicopathological potential of APEC 078:K80 in
chickens in Pakistan, which could be a useful and rapid approach to prevent and control the disease by developing
the control strategies.
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Resumo

A Escherichia coli patogénica aviaria (APEC) induz a colibacilose, uma doenca aguda e sistémica, resultando em
perdas econdmicas substanciais no setor avicola. Este estudo teve como objetivo investigar o padrdo de resisténcia a
antibiéticos associado a frequente distribuicdo de genes de viruléncia em APEC 078:K80 que podem causar alteracdes
patoldgicas em galinhas. O perfil do antibiograma mostrou alta resisténcia a eritromicina, cloranfenicol, tetraciclina,
ampicilina e cotrimoxazol; resisténcia intermediaria a ciprofloxacina, levofloxacina, enrofloxacina, norfloxacina,
nitrofurantoina e cloridrato de doxiciclina; e sensivel a amicacina, estreptomicina, gentamicina e colistina . A
distribuicdo de genes de viruléncia identificou oito genes (irp-2, iutA, ompT, iss, iucD, astA, hlyF e iroN) por meio
de uma reagdo em cadeia da polimerase convencional. A APEC 078:K80 causou concentragdes significativamente
altas de enzimas hepaticas, niveis séricos de interleucina-6 e fator de necrose tumoral alfa em aves experimentais.
Além disso, aves infectadas apresentaram hipoproteinemia, hipoalbuminemia e hiperglobulinemia. O exame de
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necropsia revelou peri-hepatite e pericardite fibrinosa, pulmdes congestos, hemorragias equimoéticas do intestino
e granulomatose necrosante do bago. O exame histopatolégico mostrou degeneragio hepatocelular, necrose
miocardica, nefrite intersticial, hemorragias intestinais e linfopenia no bago. Este estudo é a primeira evidéncia
para avaliar o perfil de resisténcia a antibiéticos associado a genes de viruléncia e potencial clinico-patolégico de
APEC 078:K80 em galinhas no Paquistdo, o que pode ser uma abordagem util e rapida para prevenir e controlar
a doenca por meio do desenvolvimento de estratégias de controle.

Palavras-chave: Escherichia coli, resisténcia a antibidticos, genes de viruléncia, patologia, galinhas.

1. Introduction

Avian pathogenic Escherichia coli (APEC) causes
colibacillosis in chickens. The organism can invade multiple
organs resulting in systemic diseases such as coligranuloma,
colisepticemia, omphalitis, synovitis, swollen head
syndrome, airsacculitis, and cellulitis (Giovanardi et al.,
2005). Colibacillosis causes considerable economic
losses to the poultry industry due to high morbidity
and mortality (Koutsianos et al., 2021). Escherichia coli
(E. coli) is considered the natural inhabitant of avian gut
microflora. Several virulence factors, including adhesins,
aerobactin, yersiniabactin, hemolysins, outer membrane
protein A, lipopolysaccharide, K1-capsule, and heat-stable
toxin, have been reported in the propagation of various
extraintestinal diseases in avian species (Parreira and
Gyles, 2003; Ewers et al., 2004). Unlike other intestinal E.
coli serotypes, APEC can be diagnosed by typical clinical
signs, gross pathology and microscopic lesions; however,
the general mechanism of APEC pathogenesis needs further
explanations (Ewers et al., 2003). Although the term APEC
is frequently used for E. coli isolates obtained from avian
colibacillosis; however, accurate and comprehensive
classification of serogroups and specific virulence genes is
still required (Sarowska et al., 2019). Even though several
serotypes have been isolated from chicken samples, the
most common are 01:K1,02:K1,and 078:K80 (Dziva and
Stevens, 2008). However, as the number of serogroups
increases, isolates within the same O group can also become
genetically heterogeneous; in contrast, closely related
strains can represent different serogroups (Ge et al., 2014).

Antibiotic resistance is a severe threat to worldwide
public health, with substantial repercussions for animal
health and food safety (Aarestrup, 2004). Antibiotics are
excessively used in the poultry sector as growth promoters
and for therapeutic purposes in many countries, including
Pakistan (Azam et al., 2019). On the other hand, the use of
antimicrobials in food-producing animals has some negative
consequences, such as changes in intestinal microflora,
antibiotic residues in meat and impact on public health
interventions (Miles et al., 2006). Multiple antibiotic-
resistant bacteria have been a challenge in treating zoonotic
infections, and their transmission from animal to human
has put the health sector at risk (Spellberg, 2014).

Furthermore, the emergence of drug-resistant strains
due to irrational chemotherapeutic treatment may
substantially impact the clinicopathological manifestations
of colibacillosis (Alonso et al., 2017). The virulence features
of APEC in poultry have previously been reported in Nepal,
Algeria, Brazil, United Kingdom, and Korea (Jeong et al.,
2012; Kemmett et al., 2014; Barbieri et al., 2015;
Mohamed et al., 2018; Subedi et al., 2018). However, there
is a paucity of literature addressing APEC pathogenicity,
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heterogeneity of serogroups, and virulence gene
distribution in Pakistan (Hussain et al., 2017; Azam et al.,
2020). Therefore, this study aimed (1) to determine the
antibiotic resistance pattern of APEC 078:K80 (2) to
evaluate the virulence gene distribution and (3) to assess
the pathological potential of APEC 078:K80 by examining
the serum biochemical, immunological biomarkers, and
histopathological alterations in colisepticemic chickens.

2. Materials and Methods

2.1. Ethical approval

The work was approved by the ethical review committee
for the use of laboratory animals (ERCULA) of the University
of Veterinary and Animal Sciences, Lahore, Pakistan (Permit
Number: ORIC/DR-992).

2.2. Isolation and identification of Escherichia coli

A septicemic dead bird was received at Postmortem
Block, Department of Pathology, University of Veterinary
and Animal Sciences, Lahore, Pakistan. Tissue samples (liver
and heart) were collected, triturated, and centrifuged at
6,000 g for10 min. The obtained supernatant was cultured
on eosin methylene blue (EMB) agar and incubated (37°C,
24 h). The green metallic sheen colonies of E. coli (Figure 1)
were subjected to biochemical and pathogenicity tests
(Ali et al.,2019). The plates were incubated for another 24 h
before declaring negative. A single colony was enriched in
lysogeny broth (LB) media for further processing.

2.3. DNA extraction and amplification of universal stress
protein A gene

The extracted genome from broth culture was subjected
to a conventional polymerase chain reaction (PCR),
employing the previously reported primer sequences
of universal stress protein A (uspA) gene; forward
(5’- CCGATACGCTGCCAATCAGT-3’) and reverse (5'-
ACGCAGACCGTAGGCCAGAT -3’) (Chen and Griffiths, 1998).
Areaction mixture of 25 pL containing 2 pL template DNA,
1.25 pL (10 pmol each primer), 12.5 pL of 2X Master Mix
(Thermo Scientific, United States) and 8 pL of nuclease-free
water was prepared. The PCR reaction was conducted in
Veriti™ 96-Well Thermal Cycler (Applied Biosystems™,
USA) with the following conditions: initial denaturation
(95°C, 5 min), and 30 cycles of each [denaturation (94°C,
30 s), annealing (56.5°C, 30 s) and extension (72°C, 90
s)] a final extension (72°C, 7 min). The PCR product was
separated on agarose gel (1.5% w/v) stained with 0.5 pg/mL
ethidium bromide, run in gel electrophoresis (110V, 230mA,
30 min), and visualized in a gel documentation system. The
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Figure 1. Escherichia coli colonies with green metallic sheen (a, b).

PCR product was submitted for DNA sequencing to Comate
Bioscience Co., Ltd., China. The obtained sequence was
trimmed and aligned using BioEdit Sequence Alignment
Editor (version 7.2.5.0) Software. The assembled sequence
was compared with the available sequences of E. coli in
the NCBI GenBank Database. After processing with MAST
serotyping kit (Ebrahimi-Nik et al., 2018), the obtained
isolate was detected as E. coli 078:K80.

2.4. Antibiotic susceptibility test

The antibiotic susceptibility pattern of E. coli 078:K80
was determined following the modified Kirby-Bauer disk
diffusion method and categorized as sensitive, intermediate,
or resistant as recommended by the Clinical and Laboratory
Standards Institute (CLSI) (Subedi et al., 2018). The isolate
was tested against 20 antibiotics; amikacin (AK), amoxicillin
(AMC), ampicillin (AMP), cefazolin (KZ), cefepime (FEP),
cefoxitin (FOX), cefotaxime (CTX), ceftazidime (CAZ),
chloramphenicol (C), ciprofloxacin (CIP), colistin (CL),
co-trimoxazole (COT), doxycycline hydrochloride (DO),
enrofloxacin (ENR), gentamicin (GEN), kanamycin (K),
levofloxacin (LE), meropenem (MEM), nitrofurantoin (NIT)
and streptomycin (S). These antibiotics are frequently
employed in poultry feeds and in treating colibacillosis and
other avian disorders (Subedi et al., 2018; levy et al., 2020).

2.5. Virulence genes detection

The isolated E. coli genome was subjected to
conventional PCR to detect the 11 virulence genes (iutA,
iss, papC, iucD, tsh, irp-2, ompT, hlyF, iroN, cva/cvi, astA)
associated with colibacillosis. The virulence genes were
amplified using previously reported primer sets (Table 1)
(Subedi et al., 2018). A reaction mixture of 25 pL containing
2 pL template DNA, 1.25 pL (10 pmol each primer), 12.5 uL
of 2X Master Mix (Thermo Scientific, United States)and 8 jiL
of nuclease-free water was prepared. The PCR conditions
were set to; initial denaturation (95°C, 5 min) and 35 cycles
of each [denaturation (94°C,45 s), annealing (60°C, 1 min),
extension (72°C, 90 s), followed by a final extension (72°C,
7 min). Following gel electrophoresis, amplified PCR
products were photographed through a gel documentation
system to determine positive virulence genes.

2.6. Experimental design

Broiler chicks (N=70) were randomly divided into two
groups (n=35/group). On day 14, the positive control (PC)
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Table 1. Primer sets for detection of target virulence genes from
avian pathogenic Escherichia coli (APEC) isolate (Subedi et al., 2018).

X Primer Sequence (5'-3") 2:12151(1;;')1
iutA  F: GGCTGGACATCATGGGAACTGG 302
R: CGTCGGGAACGGGTAGAATCG
iss F: CAGCAACCCGAACCACTTGATG 323
R: AGCATTGCCAGAGCGGCAGAA
papC  F: TGATATCACGCAGTCAGTAGC 501
R: CCGGCCATATTCACATAA
iucD  F: ACAAAAAGTTCTATCGCTTCC 714
R: CCTGATCCAGATGATGCTC
tsh F: ACTATTCTCTGCAGGAAGTC 824
R: CTTCCGATGTTCTGAACGT
irp-2  F: AAGGATTCGCTGTTACCGGAC 413

R: AACTCCTGATACAGGTGGC
ompT  F: TCATCCCGGAAGCCTCCCTCACTACTAT 496
R: TAGCGTTTGCTGCACTGGCTTCTGATAC

hlyF  F: GGCCACAGTCGTTTAGGGTGCTTACC 450
R: GGCGGTTTAGGCATTCCGATACTCAG

iroN F: AATCCGGCAAAGAGACGAACCGCCT 553
R: GTTCGGGCAACCCCTGCTTTGACTTT

cva/  F: TGGTAGAATGTGCCAGAGCAAG 1181

cvi

R: GAGCTGTTTGTAGCGAAGCC
astA  F: TGCCATCAACACAGTATATCC 116
R: TCAGGTCGCGAGTGACGGC

group was infected with 0.5 mL of 108 CFU/mL of E. coli
078:K80 through the intranasal route (Zhang et al., 2016).
The negative control group (NC) remained un-inoculated.

2.7. Serum biochemistry profile

At 3,7, and 14-days post-infection (DPI), blood samples
(n=10/group) were collected to harvest the serum. The
liver enzymes [alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP)],
total protein (TP), albumin, and globulin concentrations,
were analyzed using the specific kits (Roche Diagnostica,
Switzerland) in clinical chemistry analyzer (Labcompare,
USA) (Sultan et al., 2017; Jayaweera et al., 2018).

2.8. Serum cytokines

The serum interleukin-6 (IL-6) and tumor necrosis
factor-o (TNF-o.) concentrations were determined through
the chicken IL-6 (Catalog Number: MBS268769) and TNF-a.
(Catalog Number: MBS260419) ELISA kits (MyBioSource,
USA) using PR 4100 absorbance microplate reader (Bio-Rad
Laboratories, United States) (Sultan et al., 2017).
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2.9. Clinical symptoms, necropsy findings, and
histopathological examination

Clinical signs were recorded along the course of the
experiment. At 3, 7, and 14 DP], birds (n=10/group) were
slaughtered to observe the gross pathological changes.
The liver, heart, lungs, intestine, kidney and spleen tissue
samples were collected for microscopic examinations. The
tissue samples were preserved in 10% neutral buffered
formalin (NBF), dehydrated in descending order of alcohol,
paraffin-embedded, sliced with a microtome (4 pm), and
stained with hematoxylin and eosin (H & E) dye to observe
the histopathological alterations (Sharaf et al., 2021).

2.10. Statistical analysis

A paired sample t-test was applied for data evaluation.
The statistical analysis was performed on IBM SPSS version
25 Software. The confidence interval for quantitative data
was considered at 95% to indicate a statistically significant
difference (P<0.05).

3. Results and Discussion

3.1. Antimicrobial sensitivity patterns

The isolated E. coli showed high resistance to
erythromycin, chloramphenicol, tetracycline, ampicillin,
and co-trimoxazole, with intermediate resistance to
ciprofloxacin, levofloxacin, enrofloxacin, norfloxacin,
nitrofurantoin, and doxycycline hydrochloride, and sensitive
to amikacin, streptomycin, gentamicin, and colistin. These
antibiotic resistance patterns against E. coli are similar to
those found in previous investigations (Bakhshi et al., 2017;
Matin et al., 2017). Previous studies revealed a substantial
increase in veterinary antibiotic import in Pakistan due
to inappropriate use in the poultry sector (Rahman and
Mohsin, 2019; Rafique et al., 2020; Amir et al., 2021). Also,

irrational use of antibiotics induces selection pressure on
microorganisms, resulting in new multidrug-resistant
pathogens. The antibiotic resistance trend determined
in this study depicts a potentially dangerous condition of
antibiotic-resistant E. coli strains in commercial poultry
in Pakistan.

3.2. Virulence genes detection

In this study, E. coli isolate contained eight (irp-2,
iutA, ompT, iss, iucD, astA, hlyF and iroN) virulence genes
(Figure 2), which are inconsistent with the findings of
Kwon et al. (2008) who reported Iss, tsh, vat, iucD, irp-2,
astA, cva/cvi and papC virulence genes among 18 APEC
strains. Similarly, Carli et al. (2015) suggested hlyF, iroN,
ompT, iss and iutA as frequently found virulence genes in
APEC strains. Concerning pathogenicity, astA, iucD, and iutA
are believed to be the most important virulence genes due
to their high-frequency rate (80-90%) (Subedi et al., 2018).
The genetic criteria for pathogenicity suggest that an isolate
containing at least five virulence genes is categorized as
an APEC strain. In contrast, non-APEC isolates have less
than five virulence genes (Carli et al., 2015).

3.3. Serum biochemistry profile

Concerning the serum biochemistry analysis, the
infected birds had significantly (P<0.05) high ALT, AST,
ALP, and globulin values and comparatively low TP and
albumin concentrations at 3, 7 and 14-DPI (Table 2). Various
authors found comparable results in E. coli-challenged
chickens (Miiller et al., 2002; Choi et al., 2004; Cao et al.,
2013). A high ALT level indicates the degenerative
changes in the hepatocyte, whereas an elevated AST
level indicates myocardial damage and hepatocellular
necrosis (Sharma et al., 2015). Hypoproteinemia and
hypo-albuminemia are due to necrosis and degenerative
changes in the liver and kidneys (Abiodun et al., 2015).
Liver cirrhosis, hepatitis, and Kupffer cell proliferation

1 2 3 40 5. 607 S0 10THE 12413

Figure 2. PCR results of virulence genes of Escherichia coli 078:K80. DNA Ladder (100-2000 bp, Catalogue number 3427A): Lane 1
positive virulence genes; Lane 2 (iutA, 302 bp); Lane 3 (iss, 323 bp); Lane 5 (irp-2, 714 bp); Lane 7 (iucD, 413 bp); Lane 8 (ompT, 496
bp); Lane 9 (hlyF, 450 bp) Lane 10 (iroN, 553 bp); Lane 12 (cva/cvi, 1181 bp). Negative virulence genes: Lane 4 (papC, 501 bp); Lane 6
(tsh, 824 bp); Lane 11 (astA, 116 bp). Negative control: Lane 13 (Distilled water).
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may result in hyperglobulinemia (Sharma et al., 2015). In
this study, the serum biochemistry profile of the infected
birds indicates severe pathological stress on visceral and
abdominal organs.

3.4. Serum cytokines level

The TNF-a and IL-6 levels were substantially high
(P<0.05) in infected birds compared to the non-infected
group, which are in line with the findings of Choi et al.
(2004), Cao et al. (2013) and Zhang et al. (2020). The
maximum values were noticed at 3 DPI, followed by a
subsequent decrease till the end of the trial (Table 3).
Although IL-6 is considered to have an important role in the
activation of immunological effector responses, however,

Antibiotic resistance and pathology of Escherichia coli 078:K80

there is a scarcity of information about TNF-a. in chickens
(Awad et al., 2018). In another study, Zhang et al. (2020)
described that homologous to mammalian, chickens’
hepatocytes, mast cells, macrophages, endothelial cells,
and connective tissue may secrete IL-6 and TNF-a with
immunological activities. In agreement with our results,
Gehad et al. (2002) observed a marked increase in IL-6
and TNF-a values following lipopolysaccharide (LPS)
administration in chickens.

3.5. Clinical signs

Clinical features include anorexia, lethargy, dehydration,
gasping, and brown diarrhea. Although, the severity of
symptoms was gradually decreased with time, as endorsed

Table 2. Comparison of serum biochemistry profile of Escherichia coli 078:K80 infected and non-infected birds.

Groups
Parameters Days post-infection P-Value (P < 0.05)
Infected Non-infected
ALT, IU/L 3 85.49+4.942 8.14+0.93° <0.0001
7 81.07+4.337 9.3640.82° <0.0001
14 59.66+3.432 9.24+0.91° <0.0001
AST, IU/L 3 199.21£12.50° 54.23+2.95° <0.0001
7 150.43+3.622 50.28+3.09° <0.0001
14 120.85+2.97* 40.66+2.90° <0.0001
ALP, IU/L 3 197.258+7.67° 91.2042.53° <0.0001
7 193.51+3.372 90.65+3.55° <0.0001
14 168.75+8.372 90.71+2.77° <0.0001
TP, mg/dL 3 3.08+0.02 3.21x0.07 <0.0001
7 3.12+0.05 3.22+0.03 0.06
14 3.15+0.03 3.21+0.03 0.19
Albumin, mg/dL 3 1.62+0.02 1.74+0.03 <0.0001
7 1.65+0.05 1.74+0.02 0.14
14 1.67+0.03 1.76+0.02 0.41
Globulin, mg/dL 3 1.52+0.02 1.42+0.04 <0.0001
7 1.51+0.03 1.42+0.02 <0.0001
14 1.49+0.04 1.43+0.03 <0.0001

Superscripts “a-b” within a row represents significant different (P<0.05) values between groups.

Table 3. Comparison of serum cytokines analysis of Escherichia coli 078:K80 infected and non-infected birds.

Groups
Parameters Days post-infection P-Value (P < 0.05)
Infected Non-infected
IL-6, ng/L 3 137.59+3.19 38.48+0.39° <0.0001
7 93.06+3.37° 36.10+0.54° <0.0001
14 66.71£3.412 35.32+0.71° <0.0001
TNF-a, ng/L 3 179.73£3.01° 90.83+1.84° <0.0001
7 148.05£2.522 87.62+1.65" <0.0001
14 134.0443.787 86.75+1.97° <0.0001

Superscripts “a-b” within a row represents significant different (P<0.05) values between groups.
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by Sharif et al. (2018) and Sonwane et al. (2019), who found
a similar pattern of clinical signs in E. coli infected birds.

3.6. Gross pathology

On necropsy, hepatomegaly, fibrinous layer on the
serous and parietal layers of liver and heart (Figure 3a),
pulmonary congestion (Figure 3b), and necrotic lesions
on splenic parenchyma (Figure 3c) were evident. Infected
birds also had swollen kidneys (Figure 3d) and ecchymotic
hemorrhages on intestinal mucosa (Figure 3e). These
findings were in agreement with the observations of

Ciatana et al. (2008), Sonwane et al. (2019) and Zhang et al.
(2020) in E. coli infected chickens.

3.7. Histopathological examinations

Concerning the microscopic lesions, multifocal
hepatocyte necrosis with disrupted hepatic cords
(Figure 4a), congested central veins (Figure 4b), and
mononuclear cells (MNCs) infiltration in the perivascular
area (Figure 4c) were observed in the liver section. Similarly,
heart tissue had myocardial infarction (Figure 4d), cardiac
hemorrhages (Figure 4e), and pericardial inflammatory

Figure 3. Gross pathological lesions of E. coli 078:K80 infected chickens (a). Fibrinous layer on the parenchyma of liver and heart
(b). Congested lungs with necrotic lesions (c). Granulomatous necrotic spleen (d). Swollen and hemorrhagic kidneys (e). Ecchymotic

hemorrhages on the mucosal surface of the intestine.

Figure 4. Microphotographs of E. coli 078:K80 infected chickens (hematoxylin and eosin stain, 10X) (a). Multifocal hepatocyte necrosis
(b). Congested central veins in the liver (c). Mononuclear cells (MNCs) infiltration in perivascular area of the liver (d). Myocardium
necrosis and loss of cardiac muscles striation (e). Myocardial hemorrhages (f). Inflammatory cells aggregation in pericardium (g).
Congested pulmonary beds (h). Hemorrhages in the peribronchiolar area (i). Necrotic exudate in the lumen of pulmonary bronchioles.
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Figure 5. Microphotographs of E. coli 078:K80 infected chickens (hematoxylin and eosin stain, 10X) (a). Mild glomerulopathy (b). Renal
hemorrhages and congestion (c). Interstitial nephritis (d). Extravasation of red blood cells in lamina propria of intestinal mucosa (e).
Degenerative changes in epithelial cells of intestinal villi (f). Necrotic debris in the intestinal lumen (g). Focal necrosis in splenocytes
(h). Hemorrhages in the spleen (i). Lymphopenia in the white pulp of the spleen.

cell aggregation (Figure 4f). The lungs sections contained
congested pulmonary beds (Figure 4g), peribronchiolar
pulmonary hemorrhages (Figure 4h), and necrotic
exudate containing inflammatory cells in the pulmonary
bronchiolar lumen (Figure 4i). In line with our results,
Sharif et al. (2018) and Sonwane et al. (2019) reported
degenerative changes in liver and heart sections of E. coli
infected birds. Comparable to our results, Kumari et al.
(2014) observed pulmonary congestion, hemorrhages,
interstitial inflammatory cells infiltration and denuded
bronchiolar epithelium in E. coli infected birds.

Kidney sections showed mild glomerulopathy
(Figure 5a), renal hemorrhages (Figure 5b) and interstitial
nephritis (Figure 5c). In the intestine, engorged blood
vessels in lamina propria (Figure 5d), degenerative
changes in epithelial cells (Figure 5e) and necrotic debris
in the lumen (Figure 5f) were evident. Spleen sections
showed focal splenocyte necrosis (Figure 5g), splenic
hemorrhages (Figure 5h), and lymphopenia in white
pulp (Figure 5i). Many authors have documented similar
histological alterations in the kidney, intestine and spleen
in E. coli infected broilers (Guabiraba and Schouler, 2015;
Sharma et al., 2015; Mousa and Ali, 2018; Sonwane et al.,

Brazilian Journal of Biology, 2024, vol. 84, €257179

2019). However, degenerative intestinal changes can be
attributed to enterotoxin released by E. coli (Guabiraba
and Schouler, 2015). Similarly, chick-lethal toxin (CLT)
and immunosuppression induced by E. coli infection may
cause lymphopenia and necrotic foci in immune organs
(Wu et al., 2013; Kumari et al., 2014).

4. Conclusions

This study revealed the presence of multiple antibiotic-
resistant (MAR) E. coli with virulence genes distribution in
colibacillosis suspected chicken in Pakistan. In addition,
the obtained E. coli 078:K80 isolate markedly altered
the serum biochemistry profile and pro-inflammatory
cytokines levels and induced severe macro and micro-
pathological lesions. Therefore, rigorous screening and
surveillance of MAR-APEC strains circulating in the
field are required to mitigate colibacillosis risk. Hence,
a holistic approach is necessary to prevent and control
colibacillosis in Pakistan. This could be achieved by the
active participation of veterinary professionals, poultry
farmers, pharmaceutical stakeholders, and government
regulatory agencies.
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