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Abstract

Infectious bursal disease virus (IBDV) is the main immunosuppressive agent in the poultry industry that
stimulates the development of secondary bacterial infection. However, the avian pathogenic E. coli (APEC)
could be a primary agent that induces the development of colibacillosis, nevertheless the absence of
immunosuppression. The depletion of bursa after viral replication is crucial for starting bacterial
dissemination because of devastation of systemic and local humoral immunity. Therefore, the aim of the
work was to investigate the correlation between APEC and IBDV infection in broiler chickens. The bursal
atrophy was observed from 21 days with further level depletion from 60 to 90% at the final stage of
research. Moreover, APEC strains were isolated from birds at 28—-42 days which is correlated with
chronical immunosuppression. All E. coli isolates showed resistance to beta-lactams (amoxicillin,
amoxiclav), tetracyclines, and trimethoprim, highlighting the risk of multidrug-resistant strains. There were
no resistant strains to colistin and florfenicol. The IBDV strains were detected in the bursa of 21, 28 and
35 broilers with Ct level 22.8; 25.8; and 32.2 points, respectively that indicates decreasing the viral load.
Based on partial nucleotide sequences of the VP2 gene, the pathogen was identified as very virulent United
Kingdom 2019 strain. However, analysis of the samples from 42-day-old broilers revealed that the nucleotide
sequence belonged to the vaccine strain.

Therefore, coinfection of APEC and IBDV in broiler chickens enhances immunosuppression, creating
conditions for secondary bacterial infections. The susceptibility to colibacillosis correlates with the stage
of bursal depletion and may persist even during replication of the vaccine strain of IBDV after primary
infection.
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Introduction immature B lymphocytes in the bursa of Fabricius

Infectious bursal disease virus (IBDV) is
a leading immunosuppressive agent which is
widely spread all over the world and causes a highly
contagious disease in poultry, also known as
Gumboro disease. To date, this disease is prevalent
in most of the poultry-producing regions of the
world [1,2]. The virus primarily targets and destroys
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(BF), leading to severe immunosuppression, which
may lead to high mortality rates in susceptible
chickens, secondary infections including also gut-
associated diseases, which contribute to the
economic losses in the poultry industry, and
reduced efficacy of vaccination against other
pathogens [3,4].
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IBDV belongs to the family Birnaviridae and the
genus Avibirnavirus, with a bi-segmented double-
stranded RNA genome represented by segments
A and B. This virus has two serotypes, namely 1 and 2.
Both serotypes of the IBDV can naturally infect
chicken, turkey, duck, guinea fowl, ostriches.
Although serotype 1 is mostly pathogenic for
chickens. This virus can easily mutate and evolve
into variant strains despite progressive vaccination
strategies. These strains induce subclinical forms
characterized by bursal atrophy, weight loss and
increase in mortality rate because of systemic
colibacillosis. Reemergent infections caused by
antigenic variants of IBDV, can be the reason for
significant losses and high mortality in chickens due
to coinfection with pathogenic strains of Escherichia
coli [2,5]. Avian colibacillosis, caused particularly
by pathogenic variants of E. coli (notably so-called
APEC strains), is one of the most prevalent infectious
diseases affecting domestic, ornamental, and wild
birds. This disease is usually associated with various
predisposing factors (both infectious and non-
infectious). It is widely recognized that infectious
bursal disease virus (IBDV) may be one of the most
important infectious factors contributing to the
development of colibacillosis. Infection of chickens
with infectious bursal disease virus (IBDV) resulted
in a significant increase in their susceptibility to
E. coli. Furthermore, it has been demonstrated that
lymphocytopenia of the bursa of Fabricius is
primarily induced by IBDV. In contrast, a significant
depletion of lymphocytes in both the bursa of
Fabricius and the thymus can also occur during
E. coli infection [6].

Even though in different conditions APEC-strains
could be a primary or secondary pathogen, these
bacteria often cause the death of birds because of
acute septicemia, subacute pericarditis, chronic
respiratory diseases, fibrinous-purulent polyserositis,
airsacculitis, and many other forms. Notably, it has
been established that among the virulence factors
involved in the pathogenesis of colibacillosis, F1
fimbriae adhere to the epithelial cells of the pharyngeal
and tracheal respiratory tracts of chicks; temperature-
sensitive hemagglutinin (TSH) plays a role in the
colonization of the air sacs; the aerobactin iron-
acquisition system enables E. coli to grow under
conditions of low free iron concentration in
physiological fluids; and P fimbriae are critical at
later stages of infection, facilitating adhesion to
internal organs and providing resistance to phago-
cytosis. Moreover, the genetic background can
influence the bacterium’s ability to acquire, maintain,
or express pathogenic traits [7,8]. Nevertheless, the
number of studies focused on the distribution of

pathogenic E. coli strains causing avian diseases, as
well as on the structure and biological characteristics
of the APEC population in broiler production and
the transmission pathways from parent stock to
chicks, remains rather limited. Also, correlation
between Gumboro disease virus and APEC
coinfection and severity of lesions is not completely
investigated. Therefore, the aim of the work was to
investigate the role of avian pathogenic E. coli in
pathological process during bursal disease virus
coinfection in broilers.

Material and methods

The research was conducted on one of the poultry
farms of Vinnytsia region, in which previously was
isolated very virulent Gumboro disease virus. The
broilers were vaccinated regarding standard protocol
and immunized in 1 day with immunocomplex
vaccine against Gumboro disease.

At the age of 21-, 28-, 35- and 42-days dead
birds (n = 9 per group) from one of poultry houses
were examined for the presence of lesions in trachea,
lungs, air sacs, heart, liver, spleen, kidneys, stomach,
small and large intestine, bursa. The degree of
lesions was evaluated from 0 to 3 points: 0 — absent,
1 — mild, 2 — moderate and 3 — severe based on
the presence of fibrine deposition, hemorrhages,
oedema and inflammation [9].

For histological examination, non-frozen
samples without signs of autolysis were taken from
bursa of broilers (n = 6) of mentioned above age.
The size of the samples was 1-2 cm. The selected
material was immediately transferred to 10%
buffered formalin solution for fixation. After that,
samples were cut with blades (thickness of the
section was 3—4 mm, width, and length no more
than 1.5 cm) considering the peculiarities of the
structure and placed in Turboflow plastic cassettes.
Then tested samples were processed using auto-
mated stations regarding standard protocol [10].
After dehydration and paraffinization of the tissues,
the samples were filled with liquid paraffin. At the
next stage, pathological material embedded in
paraffin were sectioned with slice thickness near
5 um. Obtained slides were stained with hematoxylin
and eosin and sealed in Mounting Medium Gue.
The percentage of bursa depletion was further
calculated [11].

For IBDV detection the stamps from the affected
bursa of dead broilers to FTA cards were made. The
collected material was sent to the Hipra Diagnose
laboratory for qPCR and further sequencing of VP2
region based on conventional protocol. A reverse
transcription-polymerase chain reaction (RT-PCR)
test was conducted on all samples, amplifying



24 e-ISSN 2663-0613. Haykosi 3anuckun HaYKMA. Bionoris i exonoris. 2026. Tom 9

a specific portion of the IBDV genome (VP2 gene).
For positive results, nucleotide sequencing was
performed using the Sanger methodology. The
obtained sequences were then compared with both
IBDV reference strains from Genbank and field
strains [12].

The selection of biological material samples for
further isolation of bacteria was carried out
aseptically from liver, heart and spleen. At the first
stage of isolation of cultures, the samples were
placed in a liquid nutrient medium tryptone soy
broth (TSB, Himedia, India) and cultivated at
a temperature of 37 °C for 24 hours. After that, the
bacteria were sown using the dense lawn technique
on MacConkey diagnostic and differential medium
(McCM, Himedia, India). Isolates of E. coli were
pathogenic if they were isolated from more than two
organs. Bacterial isolates were identified using the
API 20E test system (bioMerieux, France), which
allows for the determination of the main biochemical
diagnostically significant signs, as described in the
article [13]. Also, the ability to produce hemolysins
was identified.

The susceptibility of E. coli isolates to anti-
microbials was determined by the Kirby-Bauer
disk diffusion method on Mueller-Hinton medium
(MHM, Himedia, India) [14]. It was used next
antimicrobial compounds (Oxoid, Holland):
spectinomycin, gentamicin, neomycin, fosfomycin,
amoxicillin, amoxiclav, doxycycline, oxy-
tetracycline, colistin, florfenicol, flumequine,
enrofloxacin, norfloxacin, ciprofloxacin and
trimethoprim. The quality control of antimicrobial
discs and Mueller-Hinton media was determined
using reference strains of the American Type
Culture Collection (ATCC): E. coli ATCC 25922,
Staphylococcus aureus ATCC 25923, Pseudomonas
aeruginosa ATCC 27853 and Enterococcus
faecalis ATCC 29212, which are maintained in the
Ukrainian Collection of Microorganisms of
Zabolotny Institute of Microbiology and Virology
of the National Academy of Sciences of Ukraine,
as described in [15].

Data entry, initial analysis, and figure design
were done using Microsoft Office Excel 2010
(Microsoft Corporation, USA) to generate
figures and run initial analysis as previously
described [13].

Results and discussion

Infectious bursal disease virus (IBDV) causes
a highly contagious disease in young chickens and
is distributed worldwide. VP2 is the major viral
antigen. The VP2 gene contains a hypervariable
region (VP2 HRV). Mutations in this region lead to

the emergence of antigenically different IBDV
strains that nevertheless the vaccination program
could induce severe immunosuppression and
provoke colibacillosis in layers, broilers and
breeders [16]. However, there are no data about
APEC and IBDV coinfection stages and its
correlation. Thus, research on the influence of
immunosuppression on colibacillosis development
can play a crucial role in the bacterial infection
prevention strategy.

It was detected that the decrease of weight gain
of broilers after 14 days of life by 5% compared to
the reference Ross 308 points. After necropsy
investigation, the presence of bursa atrophy was
observed in 21 days. Atrophic lesions in the thymus
and spleen were absent. There were no signs of
fibrin deposition in heart, liver, and spleen. The
respiratory and intestinal systems were without
pathological changes. This state of birds could be
due to the subclinical form of Gumboro disease [2].
It should be noted that in dead birds after
28 days different levels of fibrin deposition were
identified in the mentioned organs that indicates
the development of possible systemic bacterial
infection. The level of lesion varied from 2 to
3 points because of progressive bacterial infection
and organs dysfunction.

Histological examination of bursa explains its
atrophy because of the B-lymphocyte depletion,
the level of which was near 70%, 80%, 80% and
90% in 21, 28, 35 and 42 days, respectively. Also,
there were detected the cystic formation and
inflammation of follicular stroma membrane in
the age of 35-42 days, which indicates the
presence of chronic immunosuppression. There
were no signs of hemorrhages (Fig. 1). However,
such histological changes could be developed
after affection by very virulent or variant strain
of IBDV.

Regarding Nagy et al. the damaging of B-cells
negatively influenced the formation of secretory
immunoglobulins type A, which are important in
the prevention of respiratory and intestinal tract
colonization with APEC strains [17].

After bacteriological investigation APEC was
isolated at the period of 28—42 days. There were
only 5 different strains from dead birds (table). The
bacteria were isolated from internal organs (spleen,
heart and liver) which symbolize the systemic
form of colibacillosis (Table 1). Nevertheless,
despite their standard biochemical profile,
2 isolates of APEC were lactose negative. However,
regarding Kaczmarek et al. [18] there was no
correlation between virulence and lactose
fermentation capacity.
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21-day, depletion 60%

28-day, depletion 80%

35-day, depletion 90% 42-day, depletion 90%

Fig. 1. Lesion evaluation of birds at the age of 21-42 days
(staining by hematoxylin and eosin, magnification x 200)

Table 1
Isolates of E. coli detected in broilers
Features Age categories (days)
Age 21 28 35 42
Number of broilers 6 6 6 6
Number of isolates / pathogenic 0/0 1/1 2/2 2/2

Various studies reported that avian pathogenic
E. coli could be independent of hemolytic activity,
which corresponds with our results. However, some
reports suggested that the ability to produce
hemolysin causes the release of the iron from
erythrocytes which helps in the development of
systemic bacterial infection [19].

It should be noted that APEC strains were
isolated from birds with the highest level of
immunosuppression observed after histological
evaluation. Therefore, the affection by virulent
IBDV strains could induce the development of
bacterial infection.

Antimicrobials are still the main tool for
treatment in poultry farming, nevertheless, ban
tendency in their application. In our research it was
shown that all isolated E. coli were resistant to
amoxicillin and amoxiclav, the group of beta-lactam
antibiotics which inhibit the cell wall synthesis.
Also, we detected a 100% level of resistance to
tetracyclines.

Regarding quinolones it should be noted that
strains detected at the age of 42 days were resistant.
This situation could be developed because of
uncontrolled use of enrofloxacin and ciprofloxacin
from the 1 day. There was no effectiveness of flume-
quine, as antimicrobial from the same group, that can
be explained by cross-resistance formation [20].

Aminoglycosides are the group of antimicrobials
that are widely used in veterinary field [21]. All
isolated APEC were resistant to spectinomycin and
active against gentamicin. However, the Ilast-
mentioned antimicrobial is effective only in gastro-
intestinal tract that exclude its usage during systemic
infection. Nevertheless, progressive adaptation of
APEC the lowest level of resistance was detected to
colistin and florfenicol that is correlated with data
obtained by us in previous studies [13]. However,
colistin as aminoglycosides after application via
drinking water is not adsorbed into the blood.

Veterinarians ~ very often wuse combined
antimicrobials which contain quinolones and
trimethoprim. However, regarding Spencer et al.
data APEC characterized by high resistance to
trimethoprim which could be due to including
upregulation of fol4 expression and mutation of the
binding pocket, leading to the loss of trimethoprim
binding and thus inhibition of activity [22]. In our
research all isolated strains were resistant to
mentioned-above antimicrobial. Therefore, the
application of multicomponent substances could be
not effective against APEC and stimulate the
formation of multidrug resistant bacteria.

It is known that bacteria usually are a secondary
pathogen that finally kill the bird. However, APEC
is due to virulence factors (adhesins, invasins,
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protectins, iron acquisition systems, and toxins) and
high level of resistance regarding Kathayat et al.
could be a primary cause of the disease in broilers,
layers and breeders of different ages [23].

In our case for exclusion of viral load, for instance,
the affection by very virulent IBDV was made PCR
with further sequencing. As previously was described
the histological lesions in bursa were specific for
the development of Gumboro immunosuppressive
disease. Moreover, the virus was detected in different
age periods 21, 28, 35 and 42 days in the level of
Ct22.8;25.8;32.2 and 32.5, respectively. The amount
of viruses was decreasing within age unlike the level
of follicles bursa Fabricii depletion. However, after
sequencing of the genetic material from 21-35 days
broilers it was detected the very virulent strain of
IBDV closely related to the United Kingdom 2019

variant with 95.7-96.1% of homogeneity. And the
oldest broilers characterized by the presence of
vaccine strain nevertheless severe bursa atrophy and
depletion (Fig. 2). Regarding Vishwanatha et al., this
strain of very virulent IBDV characterized by the
presence of hypervariation region in VP1 segment
and induce subclinical form of the disease with
decreasing in broiler performance and chronic
immunosuppression without massive hemorrhages [24].
That could be the predisposing factor for APEC
coinfection that was isolated in 28 days broilers.

The presence of vaccine strain at the bursa
Fabricii of 42 days birds was coincided with severe
atrophy and APEC infection. That indicates the
chronic stage of the disease which progress into
bacterial systemic form nevertheless vaccine virus
isolation.
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Fig. 2. Phylogenetic tree of field
and reference IBDV strains based on partial nucleotide sequences of the VP2 gene
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Conclusion

Coinfection with avian pathogenic E. coli was
observed mainly between 2842 days of age,
coinciding with peak immunosuppression. Pathogenic
strains were isolated from internal organs (heart, liver,
spleen), indicating systemic colibacillosis. All E. coli
isolates showed resistance to beta-lactams (amoxi-
cillin, amoxiclav), tetracyclines, and trimethoprim,
highlighting the risk of multidrug-resistant strains.
Resistance to quinolones (enrofloxacin, ciprofloxacin,
flumequine) was already detected at 42 days,
suggesting rapid cross-resistance development under

uncontrolled use. However, the lowest resistance
levels were found against colistin and florfenicol.
The findings confirm that IBDV (United Kingdom
2019 strain) acts as a key predisposing factor for
systemic APEC infection, and the combination of
immunosuppression with antimicrobial resistance
poses a major challenge for poultry health
management. Finally, in 42 days there was no
isolation of a very virulent IBDV strain, yet APEC
strains were detected, indicating that bacterial
infection can persist and progress even in the
absence of active viral replication.
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KOIH®EKIIA NATOI'EHHUMMU INTAMAMM ESCHERICHIA COLI
TA BIPYCOM XBOPOBH TAMBOPO B BPOIJIEPIB

Merta. JlocniguTu ponb NaTOreHHO1 A NTaxiB E. coli B MaToNOTiYHOMY Ipomeci i yac KoiH(eKil
BipycoM OypcanbHOi XBopoOu B Opoiinepis. Metoau. JlocmiKeHHS TPOBOIMIN HA OHIH 3 nTaxohadbpuk
13 3aKPUTHM ITUKIIOM BHPOITYBAaHHS MPOTsroM 42 nHiB. /11 OiHIOBaHHS IMAaTONIOTIYHUX 3MiH TPOBOIUIN
PO3THH 3arubimx KypdaT BikoMm 21, 28, 35 1 42 nHi Ta BU3HAYAIM CTYMiHb Ypa)KeHHs OypcH Ha MiacTaBi
pe3yabTariB TiCTOIOTIYHOTO JOCHTIKEHHS. [neHTudikamiro 0akTepid 3MIHCHIOBAIN 13 3aCTOCYBaHHSM
API 20E tecT-cructemu, 3 OI[iHIOBAaHHSIM TeMOi3y. Uy TIUBICTh BUANEHUX 1301ATiB E. coli 1o aHTHOI0TH-
KiB Bu3Hauainu 3a MetonoM KipOi — Bayepa. Buninenus ta izentudikarmito Bipycy xsopodu ['ambGopo
3aificaroBany 3a orromororo 3T-ITJIP Ta momanpioro cekBeHyBaHHs yTBOpEHHX (pparMeHTiB. Pe3yasTaru.
Atpodist Oypen crioctepiranacs 3 21-ro IHS 3 MOAATBIINM 3HIKCHHAM piBHA 3 60 1o 90 % Ha 3aBep-
mabHOMY etarti nociipkeHHs. Kpim toro, mramu APEC Oyno BuainieHo y nraxiB Ha 28—42-ii neHb,
10 KOPEJTFOE 3 XPOHIYHOK IMYHOCYIIPECi€r0. YCi JOCIIKEH] 1305TH E. coli BUSIBUIIHCS PE3UCTEHTHUMHU
Io OeTta-JakTamiB (AMOKCHIIAIIIH, aMOKCHKIIAB), TETPAIUKIIIHIB 1 TPUMETOTIPUMY, IO IMiIKPECITIOE PU3UK
PO3BUTKY IITaMiB i3 MHOXKHHHOIO JIIKAPCHKOIO CTikKicTIO0. CTIHKICTh 7O X1HOJOHIB (€HPO(MIOKCAIINH,
nunpodiaokcanuH, GayMekBiH) Oyi0 BHSBICHO BXe yepe3 42 JHi, 0 CBITYUTH MMPO MBUIKUNA PO3BUTOK
MepexpecHoi pe3UCTEHTHOCTI 32 YMOBHM HEKOHTPOJIBOBAHOTO 3aCTOCYBaHHS. BTiM, HAaHWKY1 PiBHI CTiH-
KOCTi criocTepiraiu oo KoiictuHy Ta (ropdenikony. llltamu IBDV Oyno BusiBieno B Oypci 21, 28
Ta 35 Opoiinepis 3 piBaem Ct 22,8; 25,8 ta 32,2 GaJia BiIOBIAHO, IO CBITYUTH PO 3HWIKEHHS BIPyCHOTO
HaBaHTaXCHHs. 3a pe3yabTaraMyd BH3HAUCHHS YaCTKOBHUX HYKJICOTHJIHHMX MOCHIIIOBHOCTEeH TeHa VP2
30ymHHK OyB iIeHTHU(IKOBAHMM K JTy)Ke BipyJeHTHUH Bipyc, a came mtam United Kingdom 2019. Ongnax
aHaJIi3 3pa3KiB BijJ 42-IeHHUX OpOMIIepiB 3aCBIAUMB, 110 HYKJICOTH/IHA TTOCIIIIOBHICTh HAJICKUTH J10 BaK-
nuHHOTO mTamy. BucHoBku. Koindexuis APEC Ta IBDV y OpoitiepHuX Kypyar MOCHIIOE IMyHOCYTIpe-
Cif0, CTBOPIOIOYH YMOBH JIJIsl BTOPHHHHX OakTepiadbHuX iH(Mekii. CXUIbHICTh 10 KoibakTepio3y Kope-
JIO€ 31 CTaJi€l0 BHCHaXXCHHS OypcaibHOI CYMKH Ta MOXKe 30epiraThcs HaBiTh IiJl 4ac perurikarii
BakIMHHOTO ITamy IBDV micis nepBuHHOTO 1H(IKYyBaHHS.

KuarouoBi cioBa: Bipyc iHdekmiiiHoi OypcanbHoi xBopoou (IBDV), xBopoba I'amGopo, maroreHHa
kuikoBa nanuuka nraxis (APEC), koindexuis, konidakTepios, aHTUMiIKpOOHA Pe3UCTEHTHICTb.
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