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Abstract: Infectious bronchitis virus (IBV), a gamma coronavirus, is responsible for a highly contagious 
disease in chickens resulting in substantial economic losses to the poultry industry around the world. The 
emergence of new types of IBVs is considered one of the major concerns regarding to IB. A preliminary 
diagnosis of IB was made based on the flock history and the characteristic pathologic findings. In the cur-
rent study, we investigated the outbreaks of respiratory signs and diarrhea in broiler chickens (n=77) be-
tween 2014 and 2018. Upon necropsy, the affected chickens showed tracheal and kidney lesions, sugges-
tive of IBV. The IBV was detected in 33 farms using real-time reverse transcription-PCR, targeting the nu-
cleocapsid gene. Investigation of IBV among vaccinated chickens would considerably ameliorate the pre-
sent immunization programs and support the development of more effective vaccines. The IBV was de-
tected in vaccinated birds (45.8%). The virus was isolated in fertile chicken eggs, which revealed embry-
onic mortality (20-40%) within 5-7 days after the 3rd passage, small embryos or dwarfing up to 30.2% 
versus non-inoculated ones. Virus pathogenicity was determined experimentally in 7-day-old broiler 
chickens inoculated oculo-nasally with 104 median embryo infective dose. The infected birds experienced 
severe respiratory signs, diarrhea and tracheal and renal lesions. The virus displayed a wide range of tissue 
tropism, particularly in the trachea, lungs and kidneys, and was shed via the respiratory tract and cloaca. 
The results emphasized the significance of conducting a comprehensive surveillance of IBV infections 
among chicken flocks in Egypt and provide significant insights into the virulence properties of IBV. Further 
studies of nucleotide sequence analysis of circulating IBV strains and evaluation of vaccine efficacy are 
needed.  
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Introduction 

Coronaviruses (CoVs) infect a variety of ani-

mals including chickens (Gallus gallus) and can in-

duce respiratory, enteric, neurological and hepatic 

diseases of variable severities. Avian  corona-

viruses (AvCoVs) belong to genus  gammacorona-
virus, subfamily Coronavirinae, and contain infec-

tious  bronchitis virus (IBV) and other bird coro-

naviruses.  The most prominent representative of  

gammacoronavirus genus is IBV which is a highly 

transmissible viral pathogen of  chickens and in-

curs considerable economic losses to the  poultry 

industry (1). The  IBV has the ability to  cause res-

piratory disease in all ages of chickens. Its mor-
bidity is 100% with low mortality but in some 

nephropathogenic strains can be >50% or when 

complicated with other pathogens such as Esche-

richia coli. Besides, the reproductive tract can be 
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affected in layers and breeders resulting in de-
crease in egg quality and production rate (2).  

Generally, mammalian coronaviruses occur as 

only one or a few different serotypes within a spe-

cies; however AvCoVs has many different sero-

types, which make it unique among all other CoVs. 

IBVs, along with other members of coronaviruses, 
have unique viral replication machinery which al-

lows the recombination in their structural proteins 

with a  high frequency [3]. Their predilection for 

variations based on the  high rates of mutation and 

recombination results in tissue tropism, patho-

genicity, and adaptation to  immunologically 

and/or genetically resistant hosts  (3, 4, 5). 
IBV is an enveloped, positive single-stranded 

RNA virus, consists of three main structural pro-

teins: the spike (S1 and S2), the membrane (M), the 

nucleocapsid (N) glycoproteins. The S1 gene has a 

highly variable nucleotide sequence, making it 

prone to mutation and emergence of new variant 
strains. Since the first isolation of IBV in Massa-

chusetts in the 1930s, the virus has spread world-

wide and evolving rapidly. For many years, the 

only recognized serotype of IBV was the Mass 

serotype, until Jungherr et al. identified a new IBV 

type using the virus neutralization test in 1956 (6).  
In Egypt,  IB  was  firstly identified  in  1954 (7). 

Later,  high disease prevalence  was  proven  by  sev-

eral  records (8-10).  At various chicken farms, IBV 

strains  similar to the Massachusetts D3128, D-

08880, D274 and  4/91 genotypes have been iden-

tified (10-13). In 2001, the Egyptian variant strain 

(Egypt/Beni-Suef/01) was isolated from differ-
ent poultry  farms (8).  Additionally,  seven  IBV  

isolates with low  nucleotide  similarity to the vac-

cinal strains  were  documented in the  Damietta  

province (14). During 2010-2015, the circulating  

IBV  strains  in  twelve Egyptian provinces  were 

clustered into two  variant  groups on the basis of  
S1 nucleotide sequence  analysis (15).  Lately, the  

Egyptian  variant strains  were  clustered  in  the  GI-

23 lineage based on S1 gene analysis (16). 
The use of live-attenuated and inactivated IBV 

vaccines, as well as adequate biosecurity, are the 
mainstays of IB control. Despite systematic IBV 
vaccination, IB outbreaks are common in the 
field due to the presence of different serotypes 
along with the emergence of multiple subtypes, 
which are caused by point mutations, deletions, 
insertions, or RNA recombination of the S1 

genes (17, 18). Antigenic variants of IBV  compli-
cate the diagnosis process; accordingly, distinc-
tion is  necessary for proper control and using 
suitable preventive  measures. The abovemen-
tioned criteria make continual global surveillance 
and identification of IBV types considerably im-
portant. In the view of increasing epidemiological 
importance of IBV strains, the first  objective of 
this  study was to investigate the situation of IBV 
among broiler chickens in four Egyptian prov-
inces during 2014-2018. The second objective 
was to assess the pathogenicity of field IBV iso-
late in broiler chicks.  

Material and methods  

Sampling 

The study was conducted in commercial 

chicken broiler flocks exhibiting severe respiratory 

distress, diarrhea and high mortality. It involved 

different localities within 4 provinces; Sharkia 

(n=22), Dakahlia (n=47), Qalubia (n=5) and 

Damietta (n=3), Egypt, based on convenience and 

approachability of chicken farms during Decem-
ber 2014- January 2018. Birds came from 77 

chicken flocks selected in the investigation areas, 

representing large-scale broiler farms containing 

3,000-30,000 birds housed in a closed system and 

small-scale farms containing 200-2000 birds. The 

analysis was achieved based on the clinical pictures 
of the disease, breed, and age, source of the chicks, 

vaccination programs, observed signs and mortal-

ities. Chickens of different ages ranging from 17-

90 days were admitted to the Department of Avian 

and Rabbit Medicine, Faculty of Veterinary Medi-

cine, Zagazig University, Egypt for necropsy. Tis-

sue samples including trachea, lungs and kidney 
were collected. A suspension of tissue homoge-

nates (1:10 w/v) was prepared with sterile phos-

phate-buffered saline (PBS) then centrifuged at 

3000 rpm for 10 min. Pen/Strep (Lonza) was 

added to the supernatant fluids with a final con-

centration of 1000 IU penicillin and 1000µg strep-
tomycin per ml (19).  

RNA extraction, real-time RT-PCR 

Total RNA was extracted from tissue using a 
total RNA extraction Kit (Applied Biotechnology 
Co. Ltd, Egypt) in accordance to the manufac-
turer’s instructions. Non-infected birds and refer-
ence IBV vaccinal strain were included as negative 
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and positive controls, respectively. The extracted 
RNA was subjected to one-step Taqman real-time 
RT-PCR using AgPath TM One-Step RT-PCR kit 
(Applied Biosystems) for detection of IBV using 
primer pair and probe targeting N gene (20). 

Viral isolation 

The real-time RT-PCR positive IBV speci-
mens (trachea and kidneys) were inoculated into 
10-day old embryonated chicken eggs (ECEs) via 
allantoic cavity route following the OIE recom-
mendations (19). A volume of 200 µl from each 
tissue homogenate was inoculated into the allan-
toic cavity of fertile eggs (5 eggs for each sample). 
Additionally, five fertile eggs were kept non-inoc-
ulated as negative control. The ECEs were incu-
bated at 37°C for up to 7 days with daily moni-
toring for embryonic mortality. Eggs showed 
non-specific embryonic death within the first 24 
h post-inoculation were removed. The dead and 
live embryos at 7 days post-inoculation were 
chilled at 4˚C overnight and then examined. The 
allantoic fluids were collected and further pas-
saged for a maximum of five passages. Corre-
spondingly, they were tested by rapid hemagglu-
tination (HA) assay using 10% washed chicken 
RBCs. The extracted RNA from the harvested al-
lantoic fluids were subjected to RT-PCR for con-
firmatory detection of IBV. Additionally, the pos-
itive HA allantoic fluids were screened for the 
presence of hemagglutinating viruses using the 
primers and probe targeting the conserved region 
of M gene of NDV (21) and influenza A virus 
(22). After that, the samples with amplified M 
segments were further subtyped for HA gene us-
ing specific primers and probes for H5 (23), H7 
(24) and H9 (25) subtypes of AIV.  

Pathogenicity study 

To elucidate the characteristics of IBV isolate 
from kidney tissue, pathogenicity in chicks was 
investigated. Twenty-five commercial 1-day-old 
Cobb chickens (Dakahlia Poultry Company, 
Egypt) were reared in experimental units under 
strict hygienic conditions. Blood and tissue spec-
imens were collected from five chicks for detec-
tion of anti-IBV antibodies and IBV, respectively. 
Serologically negative chickens were randomly di-
vided into 2 groups 10 birds for each. The first 

group was assigned for determination of patho-
genicity at 7-day old and inoculated oculonasal 
with 0.1 ml allantoic fluid contains 104 EID50. Ad-
ditionally, the other ten sham-inoculated chicks 
were housed separately from the infected birds as 
a negative control group. The birds were moni-
tored at least twice daily for a total of 21 days. The 
clinical signs were recorded according to the clin-
ical scoring method described in Wang & Huang 
(26). Gross pathologic lesions in the trachea and 
kidney along with pathogenicity index were com-
puted based on the criteria presented by Wang & 
Huang ([26). Oropharyngeal and cloacal swabs 
were collected from infected and control chick-
ens at 1, 3, 5, 7, 10 and 14 days post-infection 
(dpi) for virus detection. Chickens were eu-
thanized at 7, 14 and 21 dpi, necropsied and the 
organs were sampled for PM lesions, virus detec-
tion and histopathology. The real-time RT-PCR 
was done for IBV detection in the collected tis-
sues and swabs. The experimental studies were 
undertaken in strict accordance with the use of 
animals for experiments as permitted by the 
IACUC Institutional Animal Care and Use Com-
mittee, Zagazig University, Egypt (approval No.: 
ZU-IACUC/2/F/72/2021).  

Histopathological examination 

The tissue specimens including trachea, lungs, 
kidney, proventriculus and intestine were fixed in 
10% neutral buffered formalin for 48 hours. The 
tissues were routinely processed and embedded 
in paraffin. The paraffin blocks were sectioned 
and stained with hematoxylin and eosin (H&E) 
to be microscopically examined for any significant 

findings (27).  

Enzyme linked immuosorbent assay (ELISA) 

Sera were collected from IBV-infected and 
sham-inoculated chickens at 7, 14, 21 dpi. Com-
mercially available IBV antibody test kit (IDEXX 
Europe B.V. The Netherlands) was used for the 
detection of specific antibodies against IBV fol-
lowing the manufacturer’s instructions. Serum 
samples were tested in duplicates. Optical density 
values were read at specific wave length, 450 nm, 
using ELISA Micro-plate reader (Sunrise, 
TECAN, Austria). 
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Statistical analysis 

The detection rate of IBV infection was deter-
mined from the proportion of positive to the to-
tal number of tested samples by real-time RT-
PCR. The bivariate logistic regression analysis 
was used to analyze the difference in IBV detec-
tion, in relation to different study variables (SPSS 
Inc., Chicago, IL, USA). Crude Odds Ratios 
(COR) and their 95% confidence interval (95% 
CI) were also noticed. Statistical differences were 
considered significant at P values < 0.05. The re-
sults of serum antibody titer were expressed as 
the means ± S.D. (standard deviation). 

Results 

Clinical and postmortem findings 

The clinical signs of the investigated birds in-
cluded ruffled feathers, sinusitis, lacrimation, an-
orexia, huddling together and whitish diarrhea. 
Respiratory signs were recorded in 98.7% of ex-
amined flocks and included sneezing, coughing, 
nasal discharges, rales, and gasping. 

Greenish diarrhea was noticed in 27.3% of 
flocks (21/77). The recorded mortality rates were 
(1-33.3%).On autopsy, severe tracheitis, bronchi-
tis and congestion of lungs were the main com-
mon gross lesions in the examined chickens. Ca-
seated plugs (84.4%; 65/77) were recorded at the 
tracheal bifurcation. 

Table 1: Mortalities and clinical findings of broiler chickens naturally infected with IBV in 4 Egyptian prov-
inces during 2014-2018 

 
+ mean present, - mean absent 
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Table 2: Molecular detection of IBV in broiler chicken flocks in 4 Egyptian provinces during 2014-2018 

 
a Statistically significant association (P < 0.05). 

OR = odd ratio; CI = confidence interval of OR; RF = reference factor 

Swollen, pale kidneys with a visible tubules 
structure, and ureters distended with urates were 
recurrently detected among 57.1% (44/77) of ex-
amined birds. Also, nephritis was detected in 32 
flocks (41.6%). Moreover, enteritis; enlarged and 
ulcerated cecal tonsils were seen in some flocks 
(18.2%; 14/77). On the other hand, fibrinous 
pericarditis, perihepatitis, and air sacculitis (52%; 
40/77) were recorded.  

Molecular detection of IBV and other viruses 

On the basis of the N gene-directed RT-PCR, 
42.9% of examined specimens (33 out of 77 
broiler chicken farms) were positive for IBV 
(95% CI: 31.6% to 54.6%). Additional analysis in-
dicated that the IBV was detected in 17 out of 77 
(22.1%) tracheal specimens, and 26 out of 77 
(33.8%) kidney samples. On the other hand, 
screening of HA positive allantoic fluids for 
NDV and AIV showed 4 flocks were positive for 
AIV and were identified as low pathogenic avian 
influenza virus subtype H9. There were no H5 or 
H7 subtypes found. The NDV was detected in 
one flock. Three flocks exhibited bursal lesions 

were subjected to molecular identification (28) re-
vealed two positive IBDV flocks (Table 1). Addi-
tionally, the detection rate of IBV in chickens was 
reconnoitered according to 5 factors; province, 
breed, flock size, age and vaccination status (Ta-
ble 2). The rate of IBV detection was ranged from 
33.3% to 45.5% in investigated provinces. 
Among 6 chicken breeds examined, the Avian 48 
chicken breed was the most infected one (83.3%) 
and no, IBV detection in native and Ross breed. 
Infection rates varied between 33.3-45.8% in 
non-vaccinated and vaccinated flocks, and 
reached to 56% in intensive fowl farms with flock 
size >10,000 birds.  

Viral isolation on ECEs 

The IBV was isolated from positive tracheal 
and kidney tissues. After three to five passages, 
embryos showed decrease in weight and length 
with a percentage of 14.2%-30.2% in comparison 
to non-inoculated embryos. The embryonic 
deaths reached to 20-40% within 5-7 days post 
inoculation upon successive embryo passages. 
Five HA positive allantoic fluids were detected. 
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Figure 1: Clinical findings (Upper 
panel (a) and gross lesions (Lower 
panel (b) of 7-day-old broiler chickens 
experimentally infected with IBV. (A) 
Trachea and lungs from non-infected 
control chicken. (B) Kidney tissue 
from non-infected control chicken. 
(C) Lung of infected chickens show-
ing congestion at 14 dpi. (D) Pale 
swollen cranial and caudal lobes of 
kidney tissues from infected chickens 
at 21 dpi  

Experimental infection (pathogenicity test) 

Clinical signs and gross pathological findings  

Clinical observation of infected chicks re-
vealed at first, respiratory signs in form of sneez-
ing and tracheal rales as early as 2 dpi (3/10 
birds). At 4 dpi, pulmonary rales (10%), gasping, 
the birds huddling together (40%) and watery di-
arrhea (5/10) were recorded. Five days post in-
fection, brownish wet droppings (n=3) were ob-
served. Respiratory clinical signs and diarrhea 
were observed in the inoculated chicks and were 
intense and more severe until 7 dpi (Figure 1a, 
Upper panel). The most noticeable respiratory 
signs were sneezing, gasping, cough, difficulty in 
breathing, tracheal and pulmonary rales, with 
high scores were reported at 7 dpi. Nasal dis-
charge and watery eyes were also observed. 
Within two weeks of observation, the symptoms 
were less severe, 80% of chickens had diarrhea 

and individual birds showed mild respiratory 
signs. The chickens in the sham-inoculated con-
trol group were alert and active during the exper-
iment.  

At necropsy, the sham-inoculated control 

chickens showed no lesions (Figure 1A, B). The 

infected and control chicks that were euthanized 

at 7, 14 and 21 dpi were examined for the macro-

scopic lesions. The gross lesions were slight tra-

cheitis, air saculitis, congested lungs (Figure 1C) 

and swollen kidneys that mainly progressed. Pale, 

swollen kidneys with a visible tubules structure, 

and/or ureters distended with urates were ob-

served (Figure 1D). The intestinal tracts were 

bloated, filled with yellowish content. Based on 

tracheal and kidney lesions scoring, the IBV 

strain used in pathogenicity study was classified 

according to pathogenicity index (index=14) to 

intermediate virulence. 
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Figure 2: Histopathological findings of 7-day-old broiler chickens experimentally infected with IBV (Stain H&E). 
(A) Trachea of non-infected control chickens showing normal ciliated tracheal epithelial and normal mucosal and 
sub-mucosal structures (red arrow), X200. (B) Trachea of infected chickens at 7 dpi showing epithelial erosion, 
necrosis, sloughing and round cells infiltration (red arrow) X400. (C) Trachea (14 dpi) showing tracheal sub-
mucosal round cells infiltration (red arrow) and edema (black arrow) X200, Square (X400). (D) The pulmonary 
tissue of control chickens appears with normal histomorphological structures (red arrow), X200. (E) Primary 
bronchus (14 dpi) showing acute and subacute lymphocytic bronchitis with mucosal epithelial erosion (red arrow), 
round cells infiltration and accumulation of exudative fluid in the lumen (black arrow), X400. (F) The pulmonary 
tissue (14 dpi) showing characteristic lymphocytic bronchitis (arrows) X400. (G) The kidney of control chicken 
shows normal tubular and glomerular structures (black and red arrows) X400. (H) Kidney (14 dpi) shows marked 
interstitial lymphocytic nephritis (red arrow) X400. (I) Kidney shows marked vascular dilation (congestion), in-
terstitial edema, hemorrhages and multifocal round cells aggregation, X200 

Histopathological examination 

Microscopic examination of the control birds 
showed a normal histological structure of the tra-
chea, lungs, and kidneys along the period of exper-
iment (Figure 2A, D, G). The severity of the mi-
croscopic lesions varied among the different ex-
amined organs alongside days post infection. The 
tracheal lesions were observed in birds between 7 
and 14 dpi, including variable degrees of epithelial 
erosion and necrosis of the ciliated cells in the tra-
chea, and sub-mucosal lymphocytic infiltration, 
round cells infiltration and edema (Figure 2B, C) 

. 

At the end of observation (21 dpi), the recovery of 

the tracheal mucosa was exhibited, although the 

inflammatory cell infiltration was still observed. 

The main bronchi revealed acute and subacute 

lymphocytic bronchitis with mucosal epithelial 

erosion, round cells infiltration and accumulation 

of exudative fluid in the lumen (Figure 2E). Mod-

erate to severe inflammatory cell infiltration was 

found in the lungs (Figure 2F).  

Whereas, the microscopic examination of kid-
ney sections revealed tubular epithelial degenera-
tive necrotic and apoptotic changes, focal glo-
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merular shrinkage, sometimes glomerular mesan-
gial cells proliferation and occasional tubular epi-
thelial regeneration (Figure 2G). Marked intersti-
tial lymphocytic aggregations and glomerular 
mesangial cells proliferation with marked vascu-
lar dilation (congestion), interstitial edema, hem-
orrhages and multifocal round cells aggregation 
were observed at 21dpi (Figure 2I). The proven-
triculus showed mucosal epithelial squamous 
metaplasia and round cells infiltration, interlobu-
lar edema and lymphoid follicular aggregations. 
The intestine showed focal mucosal and submu-
cosal round cells infiltration, villous epithelial 
erosion and denudation beside goblet cells meta-
plasia (Data not shown).  

Detection of IBV in swabs and tissue samples  

The IBV detection was checked in swabs and 
tissue samples collected at 7, 14 and 21 dpi. The 
determined viral shedding from the respiratory 
and digestive tract was detected using Taqman 
real-time RT-PCR and was 100% of collected 
swabs from infected chickens at 7 dpi. Moreover, 
the virus was found in the tissues of the trachea 
and lungs at 7 dpi, and the kidney at 14 and 21 
dpi. The proportion of IBV-positive samples in 
infected chickens was 37%. No viral RNA was 
detected in any tissues or swabs from the control 
group.  

Antibody response to IBV using ELISA 

The mean antibody titers against IB (Anti-
IBV) in the sera collected from infected and con-
trol chicks on days 7, 14 and 21 dpi was estimated 
by ELISA. In the infected chickens, sera were 
negative at 7 dpi then titers were increased at 14 
and 21 dpi (mean ± standard deviation) with a 
value of 796.3±69.71609 and 1963±522.9426, re-
spectively. Serum samples of the sham-inoculated 
chicks were free from anti-IBV on the entire dpi. 

Discussion 

IBV is one of the most serious infections re-
sulting in economic losses in the poultry industry 
around the world. Immunoprophylaxis is the key 
approach to manage IBV infections since the vi-
rus has varying tissue tropism and pathogenic fea-
tures (29). The disease result was mostly linked to 
respiratory symptoms and/or watery diarrhea, ac-
cording to field observations. Effective vaccina-
tions must be used to combat IBV infections. 

Though, frequent viral mutations and recombina-
tion, which can boost the virus's virulence and 
modify its antigenicity, may have a negative im-
pact on vaccination. Although, the IBV vaccines 
are directed to various bird categories, several dis-
ease outbreaks are still reported worldwide (30, 
31).  

This study was conducted to explore the pre-

sent situation of IBV infection among broiler 

chicken flocks in 4 Egyptian provinces. For this 

purpose, IBV identification was achieved by in-
vestigation of 77 broiler chicken flocks that ex-

hibited general signs of illness, respiratory mani-

festations and diarrhea. Mild to severe respiratory 

signs were observed including conjunctivitis ac-

companied with lacrimation, sneezing, coughing, 

gasping, and rales with mortality rate ranged from 
1-33.3%. The clinical course depends on other 

variables including environmental and manage-

ment factors (32) or the presence of concomitant 

pathogens (33). Even if the IBV infection is mild 

and transient, it is usually followed by secondary 

bacterial infection, such as Escherichia coli (34, 

35). As a result, infection with these isolates in 
commercial flocks would make chicks susceptible 

to bacterial infection, leading to convoluted mor-

bidity and increased mortality. Post mortem ex-

amination generally revealed mild to severe con-

gestion of tracheal mucosa and small areas of 

pneumonia. Mucous or caseated material was fre-
quently seen in the trachea and bronchi of some 

flocks. Fibrinous pericarditis, perihepatitis and air 

saculitis were also observed. Some flocks showed 

pale or congested and enlarged kidneys with 

prominent tubules with deposition of urates. 

Slight to moderate distention of the ureters with 

urates were also seen. The clinical signs and gross 
lesions were comparable to those described by 

many authors (8, 36) and suggested IBV infec-

tion. We hypothesize that possible co-infections 

with other pathogens, such as NDV, low patho-

genic AIV and bacteria that may play a critical 

role in exacerbating the clinical picture of IBV in-
fections in broiler chickens; such findings have 

been previously reported (37).  

Along with the pathologic findings, the real-
time RT-PCR results confirmed the presence of 
IBV in 33/77 farms (42.9%). Nearly similar detec-
tion rate (41%) was reported in previous study 
(38). A higher percentage of IBV infection (69.2%) 
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was recorded by Awad et al (14).Variants of IBV 
have been identified in a variety of locations, and 
they are having an economic impact on poultry 
production worldwide (39). Antigenic variation, 
which results in a lower amount of cross protec-
tion between strains, is a key roadblock to devel-
oping an effective vaccine. In the present study, 
the IBV was detected in 45.8% of vaccinated 
broiler flocks. The IBV detection in the most of 
field outbreaks poses a serious challenge for con-
trolling the disease in Egypt. In consequence, fur-
ther biosecurity measures should be strictly en-
joined. However, a provincial vaccination strat-
egy based on particular native strains could be 
adapted plus the general vaccines based on the 
ubiquitous genotypes. The diagnosis of IBV-as-
sociated disease in these flocks proposes that i) 
the currently used IBV vaccines are not effectual 
for protection against the circulating viral strains 
in Egypt, ii) the applied vaccination regimen was 
insufficient to give appropriate protection, or iii) 
birds are exposed to additional respiratory path-
ogens, by stress during vaccination, decreasing 
the immunity. These speculations need to be de-
fined in upcoming studies. Interestingly, lower 
percentage of IBV was reported in non-vac-
cinated flocks (33.3%), conversely with the high 
detection rate (79.4%) recorded by (14). Con-
cerning the virus isolation in ECEs, the IBV iso-
lates produced variably low embryonic death 
and/or dwarfing after 3-5 serial blind passages, 
which were consistent with the previous findings 
described in other studies [36, 40]. The findings 
of increasing embryo mortalities upon further pas-
sage could indicate that the IBV isolates are field 
viruses since, they were not embryo adapted (41).  

IBV infections are primarily characterized by 
respiratory manifestations and variable degrees of 
renal dysfunction (42, 43). Even in nephropatho-
genic strains, the virus initially replicates in the 
tracheal cells, inducing histological lesions identi-
cal to those caused by the respiratory strains. Mild 
respiratory signs followed by depression, diarrhea 
and sever weight loss is the characteristic feature 
of the nephritic form of IB (44). So far, only a few 
pathogenicity investigations for the IBV GI-23 
genotype have been published (45)]. Infection of 
one-day-old SPF chickens with the Var2 IBV-
Eg/1212B-2012 strain resulted in severe kidney 
and tracheal lesions as well as significant mortality 

rate (50%) according to Zanaty et al. (15). Se-
quentially, another IBV GI-23 strain (IS/885/00-
like), produced tracheal and urinary lesions, and 
cystic oviduct, but mortality was 2.2% (46). Both 
studies used one-day-old SPF chickens and broil-
ers and demonstrated that the GI-23 strains have 
a wide range of pathogenicity. In the present 
study, the virulence properties of IBV isolate with 
renal lesions was assessed using 7-day-old broiler 
chickens. The obtained results demonstrated that 
the strain under investigation has a moderate 
pathogenicity and causes disease. The respiratory 
signs and histopathological lesions were more se-
vere at 7 dpi. Although the histopathological al-
terations detected in kidneys were more severe, 
the virus showed mostly respiratory and renal tis-
sue tropism. It is known that the young chickens 
have the most severe clinical response to IBV, 
and severity decreases with the age (47, 48). This 
fact explains the elevated mortality found in 1-
day-old chickens experimentally infected with 
Egypt/F/03 in comparison to mortality pattern 
in the original flock (25-day-old chickens). On the 
other hand, no mortality was recorded in the 
pathogenicity study conducted here; however, 
this isolate induce 6% mortality in original 
chicken flock. Though, it should be emphasized 
that the virulence of IBV strains depends on 
many factors like virus dose, route of inoculation, 
age, and breed of the birds or the properties of 
the strain itself. Additionally, the infection re-
sulted in lower body weight gains. Curiously, the 
IBV infection in experimental chickens resulted 
in brownish diarrhea, similarly, dark-brown wet 
droppings were observed in one-day-old SPF 
chickens experimentally infected with IBV (GI-
23 strain gammaCoV/Ck/Poland/G052/2016).  

The presented findings of the in-vivo study may 
be surprising to field veterinarians as they fre-
quently see an acute form of disease in 4–6-week-
old chickens with substantial mortality (45). As 
indicated, virus was shed via the respiratory and 
digestive tracts. The gross and microscopical 
changes caused by the IBV strain were comparable 
to those described in a report on nephropatho-
genic IBV strains (49), hence the isolate was clas-
sified as a nephropathogenic IBV strain. The strain 
Egypt\ F\03 is a nephrogenic IBV, as evidenced 
by the presence of acute interstitial nephritis on 
days 5 and 7 post infection (13). The microscopic 
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findings of the renal tubules resembled those rec-
orded with nephrogenic IBV strains (50, 51). The 
microscopic observations in tracheal sections were 
consistent with those described by Toro et al. (47) 
and Purcell et al. (50) including: loss of cilia, de-
generative alterations of the tracheal mucosa, une-
ven loss of epithelium, desquamation of the 
sloughed epithelium in the tracheal lumen and fo-
cal to diffuse lymphocytic infiltration.  

IBV is characterized by high genetic and anti-
genic diversity (45). This heterogeneity is critical, 
particularly in connection with the application of 
an effective immunoprophylaxis program, as vac-
cination does not always provide adequate cross-
protection beyond the virus lineage. The availa-
bility of various commercial vaccines gives the 
possibility to select vaccine strains based on anti-
genic similarity to the circulating strains in the 
field. Therefore, from a practical point of view, 
genotyping of field IBV strains is crucial for the 
implementation of an efficient immunoprophy-
laxis. As a result, more research is needed to as-
sess the protective efficacy of different vaccina-
tion regimens against field IBV strains circulating 
in Egypt. Here, antibodies against IBV were 
measured using an ELISA assay in experimentally 
infected chickens at 7, 14 and 21 dpi. On day 14 
post-infection, ELISA showed moderate levels of 
IBV antibody, followed by high levels of anti-
IBV on day 21 post-infection. After exhibiting 
particular clinical signs, these findings confirm 
that infected chickens seroconverted against IBV. 
Indeed, Ghadakchi et al. (52) demonstrated that 
ELISA could be used to detect IBV antibodies in 
a consistent, reproducible, and sensitive manner. 
Using ELISA, Emikpe et al. (53) assessed the 
prevalence of IBV antibodies in southwestern 
Nigeria. Their finding showed that IBV antibody 
titer increased following virus infection. 

In conclusion, the outcome of this study pro-
vides a link between the epidemiologic and path-
ogenic perception, allowing for the development 
of effective IBV control strategies. IBV continues 
to circulate among poultry farms in Egypt despite 
vaccination efforts. The high rate of IBV detec-
tion (45.8%) in vaccinated chicken flocks, sug-
gests that the virus is still evolving and mutate in 
Egypt. Vaccines currently in use are insufficient to 
deliver adequate protection against IBV strains. 
Besides, the study affords significant insights into 

the virulence properties of IBV strain isolated 
from a clinical case of IB in broiler chickens. Fur-
ther epidemiological national surveillance with 
nucleotide sequencing is required to clarify the 
mechanism of emergence of variant strains and 
their biological properties, including pathogenic-
ity, together with developing appropriate vac-
cines from endemic IBV strains. Review and im-
provement of the currently applied IBV vaccine 
regimens should be considered. 
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