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ABSTRACT 

The poultry industry in Ethiopia is highly vulnerable to significant economic risks posed by 

highly pathogenic respiratory viruses such as Infectious Bronchitis (IBV) and Infectious 

Laryngotracheitis (ILTV) due to their high morbidity and mortality. This cross-sectional study, 

conducted from November 2025 to May 2026, aimed to isolate and molecularly detect the IBV 

and ILTV in poultry farms in Maya City and to determine the seroprevalence of these viruses 

in selected towns of Oromia, Ethiopia. A total of 384 serum samples were randomly collected 

from selected chickens and analyzed using indirect ELISA to determine seroprevalence. 

Additionally, 12 pooled clinical oropharyngeal swab samples, representing 60 chickens from 

Maya City, were tested using one-step RT-PCR targeting the 3’ untranslated region for IBV 

and conventional PCR targeting the ICP4 gene of ILTV. Sam,,,,,mples positive by molecular 

methods were further subjected to virus isolation using specific pathogen-free embryonated 

chicken eggs for IBV and primary chicken embryo fibroblasts (CEF) cell culture for ILTV. 

The overall seroprevalence of IBV was extremely high (99.7%), while ILTV seroprevalence 

was 17.2%, with the highest proportion observed in Maya City (53.8%). Backyard production 

systems showed higher ILTV prevalence (34.4%) compared to commercial systems 

(13.8%).Biosecurity measure were significantly associated with reduced odds of viral 

positivity. Specifically, the use of farm specific clothing (OR = 0.191; p < 0.001) and dedicated 

footwear (OR = 0.089; p < 0.001) acted as strong protective factors against infection.Molecular 

detection revealed IBV and ILTV rates of 41.7%  and 33.3% , respectively. Characteristic 

embryonic lesions (stunting, curling, and feather dystrophy) were observed following IBV 

inoculation in embryonated eggs; however, subsequent RT-PCR failed to confirm viral RNA 

in later passages. ILTV isolation in CEF cell culture produced normal cytopathic effect (CPE) 

with the main characteristic being cell rounding and syncytium formation.In conclusion, this 

study demonstrates widespread exposure to IBV and the presence of both IBV and ILT in the 

study area. The findings emphasize the need for improved surveillance, strengthened 

biosecurity practices, and further molecular characterization of circulating strains to support 

effective disease control strategies in Ethiopia’s poultry sector. 

Key words: chickens; IBV; ILTV; isolation; molecular detection; seroprevalence
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1. INTRODUCTION 

1.1 Background 

The poultry sector has expanded rapidly and plays a key role in global food security. It contributes 

over half of the world’s animal protein, making it the largest agricultural activity worldwide. In 

Ethiopia, poultry is the second largest sector after cattle and employs more than 56 million people 

(Balcha et al., 2023; Berhanu et al., 2025). As grazing land per person continues to decline, poultry 

production is viewed as an efficient means of supplying high-quality animal protein to low-income 

households and smallholders. Due to rapid population growth and changing living conditions, 

demand for chicken meat and eggs in Ethiopia is likely to rise (Shapiro et al., 2015). 

The Ethiopian government has come up with plans to improve the poultry industry by introducing 

exotic breeds and advanced technologies as a way to deal with the problems (Shapiro et al., 2015). 

The poultry industry in Ethiopia is growing rapidly, but diseases are causing a lot of mortality and 

morbidity during production, which is a big problem (Tesfaye et al., 2019). Infectious Bronchitis 

Virus (IBV) and Infectious Laryngotracheitis Virus (ILTV) significantly affect the production of 

poultry as there is a decline in the production of eggs along with their quality, while growth rates 

are also low, resulting in economic losses (Baumberger et al., 2025)). These cause direct losses 

and interact with microorganisms that cause respiratory disease, such as Mycoplasma 

gallisepticum (Mg) and Mycoplasma synoviae (Ms) (Hutton et al., 2017). 

Infectious bronchitis in chickens is a viral disease characterized by high morbidity and 

transmissibility in chickens, which has been included as a notifiable disease by the World 

Organization for Animal Health (Borić et al., 2024). It was first reported in 1931 in North Dakota, 

United States (Rafique, 2018). This disease is a respiratory one that is transmitted via air and by 

horizontal transmission, whereas indirect transmission occurs through feed, contaminated water, 

and fomites. It also transmits through embryonated eggs (Pereira et al., 2016).
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The IB virus can affect chickens of any age. It can attack epithelial cells in the upper and lower 

respiratory tracts and cause signs like coughing, gasping, respiratory rales, sneezing, and 

watery nasal discharge (Awad et al., 2014).  

The technology used for the isolation of the virus uses a chicken embryo egg, and this is the 

main technology used for diagnosing IBV infections (Shiferaw et al., 2022). Antibody-based 

methods are used to check how strong the immune response is or to identify how IBV has 

spread in the past. Hemagglutination inhibition (HI), viral neutralization (VN), and enzyme–

linked immunosorbent assay (ELISA) are some of the serological tests that are available 

(Legnardi et al., 2020). Conversely, ELISA is regarded as an immunoassay test, which causes 

a fast response and high antibody titer (Shiferaw et al., 2022). Reverse transcriptase 

polymerase chain reaction (RT-PCR) and real-time PCR are two rapid diagnostic 

tests(Berhanu et al., 2025).  

To prevent and control the spread of the infectious bronchitis virus, better farm management 

and making a vaccine from the area where the virus is spreading are the best ways. It is not 

recommended to administer an attenuated live vaccine for an IBV strain that has not yet been 

identified in that region, as the virus can rapidly evolve and recombine with other strains, 

potentially facilitating the emergence of a new pathogenic strain. The best choice is vaccination 

that can provide cross-protection against several infectious bronchitis virus genotypes (Ike et 

al., 2021). 

Infectious Laryngotracheitis was initially identified in 1925 and was caused by a pneumotropic 

virus belonging to the genus Iltrovirus, subfamily Alphaherpesvirinae, family Herpesviridae 

(Tesfaye et al., 2019). Clinical symptoms of ILT infection typically manifest six to twelve days 

post natural infection by the virus. Signs of severe illness can include hemorrhagic 

conjunctivitis, discharge from the eyes, nasal discharge, and breathing problems like rales, 

gasping, and the expulsion of blood stained mucus. The disease is characterized by gross 

lesions primarily localized in the upper respiratory tract and sinuses, accompanied by severe 

morbidity, considerable mortality, and reduced egg production (Mo & Mo, 2025; Gowthaman 

et al., 2020). 
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For ILT diagnosis, several serological tests have been used, including fluorescent antibody 

technique (FTA), indirect immunofluorescence (IIF), enzyme- linked immunosorbent assay 

(ELISA), serum neutralization (SN), and agar gel immunodiffusion (AGID), but they typically 

exhibit lower sensitivity. Using conventional polymerase chain reaction (PCR) or real-time 

PCR to find DNA has become a common way to find viruses. Real-time PCR is widely used 

because it’s faster, more sensitive, more reproducible, and less likely to cause carryover 

contamination (Zhao et al., 2013).  

1.2. Problem Statements 

Despite the growing significance of the poultry industry and demand for poultry products in 

Ethiopia, there is great potential risk to suffer large economic loss from respiratory viral 

disease. Among this infectious bronchitis virus and infectious laryngotracheitis virus, which 

pose major threat to the poultry production system (Tesfaye et al., 2019). ). Infections caused 

by these two viruses result in high mortality rate, low egg production, and economic burden 

among the farmers. The problem with controlling and preventing the spread of these two 

diseases is the lack of knowledge of the epidemiology of these viruses, including accurate 

molecular identification and regional seroprevalence of IBV and ILTV. Therefore, the current 

study intended to determine the seroprevalence of IBV and ILTV among commercial chickens 

in Maya City, Sebeta, Waliso, and Eteya, and isolate and identify them molecularly in Maya 

City, Oromia, Ethiopia. 

1.3. Research Questions 

 What is the Seroprevalence rate for IBV and ILTV among chickens in the selected 

study areas?  

 Are IBV and ILTV present in commercial poultry farms within the selected study areas 

using molecular detection method? 

 Are IBV and ILTV successfully isolated from commercial poultry farms within the 

selected study areas? 
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1.4. Significance of the study 

This study gives updated isolation and molecular data on ILTV and IBV circulating in Maya 

City and contributes to knowledge on the seroprevalence of IBV and ILTV in Maya City, 

Sebeta, Eteya, and Waliso towns, Oromia, Ethiopia, where recent surveillance data are limited. 

Seroprevalence is important to determine the exposure of poultry to previous viruses, while 

molecular and virus isolation to identify current circulating viruses. The studies are used to 

support improved poultry health management by providing strong disease surveillance and 

guiding effective vaccination strategies. 

1.5. Objectives 

1.5.1 General objective. 

Isolation and molecular detection of Infectious Bronchitis Virus (IBV) and Infectious 

Laryngotracheitis Virus (ILTV) in selected poultry farms in Maya City, as well as to determine 

the seroprevalence of both viruses in selected poultry farms in Maya City, Sebeta, Waliso, and 

Eteya towns. 

1.5.2 Specific objectives. 

 To determine the seroprevalence of IBV and ILTV in the poultry farms of Maya City, 

Sebeta, Waliso and Eteya. 

 To detect IBV and ILTV from commercial chickens in Maya city using molecular 

techniques. 

 To isolate IBV and ILTV by embryo and primary cell culture, respectively. 
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2. LITERATURE REVIEW 

2.1. Etiology of IB and Molecular Biology of Infectious Bronchitis Virus (IBV) 

Avian infectious bronchitis is a significant acute and transmissible viral disease in chickens, 

recognized as a notifiable disease by the World Organization for Animal Health (Borić et al., 

2024). It is caused by a member of the genus Coronavirus and the family Coronaviridae, within 

the Nidovirales order (Cook et al., 2012). Coronaviruses are typically categorized into four 

groups: alpha, beta, gamma, and delta (Zhao et al., 2014). Alpha and beta coronaviruses are 

restricted to mammals, illustrating the host specificity of coronaviruses. Delta coronaviruses 

can infect wild birds and some animals, but gamma coronaviruses only infect birds (Aziz, 

2020). Important avian coronaviruses include turkey coronavirus and infectious bronchitis, 

which are major causes of disease in poultry (Abdel-Moneim, 2017). 

This virus measures approximately 120nm in size, is spherical to pleomorphic in shape, and 

has one spike on its surface. This virus consists of a single-stranded genome that has positive-

sense RNA that is approximately 27,000 nucleotides/27.6kb long. The typical organization of 

the genome structure of the AIBV is shown by the sequence 5’UTR-1a-1b-S-3a-3b-E-M-5a-

5b-N-3′UTR. Four proteins occur on the 3’end of the structural protein coding region: S, E, M, 

and N. Two genes, ORF3 and ORF5, have two non-structural supporting proteins named 3a, 

3b, 5a, and 5b (Abdel-Moneim, 2017; Bhuiyan et al., 2021). 

The IBV genome has two untranslated regions (UTRs) located at the 5’ and 3’ends, with a poly 

(A) tail present at the 3’end. These UTRs are very important for the transcription and 

replication of viral RNA because they have important structural parts (Valastro et al., 2016; 

Bhuiyan et al., 2021). Because these parts are more stable and less likely to mutate and 

recombine, the conserved 3’UTR region of the IBV genome was used to identify and classify 

AIBV strains (Hewson et al., 2009).  
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On the 5’ end of the virus, there are 2 non-structural proteins, 1a and 1ab, accounting for almost 

three-quarters of the genome and measuring 20 kb in size. There are fifteen proteins involved 

in the function of non-structural proteins. These are required in processes such as RNA 

synthesis, transcription, proofreading, RNA caps formation, and replication of the virus. They 

also weaken the immune system of the host (Bhuiyan et al., 2023). 

The S1 glycoprotein is the most important part of the immune system and has epitopes that 

stop antibodies from working (Berhanu et al., 2025). The genotype of Infectious bronchitis 

virus strains was determined using RT-PCR with the analysis of nucleotide sequences of the 

S1 gene, then DNA sequencing (Abozeid, 2023). Membrane (M) and Envelope (E) are the 

other surface proteins that help the virus change shape and assemble. The M protein forms 

complexes with the N protein in addition to E and S. The N protein directly binds genomic 

RNA to form a helical ribonucleoprotein complex and may also be involved in RNA packaging 

(Fehr and Perlman, 2015). Figure 1 shows how this genome is organized. 

 

 

 



7 

 

 

Figure 1: Schematic illustration of the infectious bronchitis virus.  

(a) Architecture of the virus and (b) genomic structure of the virus. Gray shading is used to show the 

replicase gene that consists of open reading frames 1a and 1b, while orange shading is used to show 

the open reading frames of the structural proteins S, E, M, and N. The open reading frames of the 

accessory proteins 3a, 3b, 4b, 4c, 5a, 5b, and 6b are shown in blue. Black shading shows the 5′ and 3′ 

UTRs, while A (n) shows the poly (A) tail. 

2.2. Clinical Signs of Infectious Bronchitis  

The incubation period ranges from 18 to 36 hours after infection, and the viruses mostly 

replicate in the upper respiratory tract. The oviduct, kidneys, and caecal tonsils are often 

infected after a short period of viremia, which is when the virus multiplies and spreads within 

the host. The clinical presentation can vary depending on the chicken age, nutritional and 

immunological status, and virus genotype. Infected chickens show a wide range of symptoms, 

including respiratory symptoms like gasping, rales, snacking, coughing, sneezing, nasal 

discharge, and watery eyes, as well as reproductive symptoms like loss of egg production, egg 

shell deformities, and the appearance of false layers. Water and feed consumption may also 
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decrease. Chickens that haven’t been vaccinated may show more signs of clinical illness. 

Nephropathogenic strains can significantly disrupt kidney function. IBV can cause secondary 

bacterial infections, which raise death rates (Falchieri et al., 2024; Ishag et al., 2025). 

2.3. Pathogenesis of Infectious Bronchitis Virus 

The spike protein of IBV is important for both pathogenicity and the range of host cells, just 

like other coronaviruses. Other structural and non-structural proteins, such as accessory 

proteins 3a and 3b, have also been associated with infectious outcomes. Viruses altered to lack 

these proteins exhibited diminished pathogenicity, with the absence of 3b exerting a more 

significant influence (Falchieri et al., 2024). It has also been shown that some non-structural 

proteins, such as nsp2, nsp3, and nsp15, lower the host’s natural immune response. To stop the 

adaptive immune response, nsp7 and nsp16 can also stop the antigen from being presented. 

The other nsp13, nsp14, and nsp16 help make the viral mRNA cap, which makes it harder for 

the innate immune system to recognize it (Peng et al., 2022). 

2.4. Transmission Dynamics of Infectious Bronchitis 

The IBV has an incubation period (IP) of just 18 to 36 hours. It is very contagious because it 

can be spread by touching, inhalation, or eating virus particles that are infectious. It can also 

spread indirectly through aerosol droplets or feces, as well as through contact with objects that 

have the virus on them, like clothes, shoes, tools, and so on. Aerosol transmission is a major 

way that the virus spreads because there are a lot of viruses in the respiratory system during 

the first three to five days after infection. The viral load in the respiratory tract quickly drops 

below the detection threshold within the second week post-infection (PI). Also, uric acid from 

the kidneys and feces could spread the infection. Semen that has been infected can also spread 

the disease. Long-term excretion is probable during the chronic phase (Rana et al., 2021; Khan 

et al., 2023). 
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2.5. Laboratory Diagnostic Methods of Infectious Bronchitis Virus 

2.5.1. Serological techniques 

Antibody-based methods are used to check the immune response that was made or to find out 

about past IBV circulation. Hemagglutination inhibition (HI), viral neutralization (VN), 

enzyme- linked immunosorbent assay (ELISA), and agar gel precipitation (AGP) are some of 

the serological tests that can be used (Legnardi et al., 2020). The ELISA method is a sensitive 

serological test that gives results faster and with higher antibody titers than other tests. It is 

frequently employed to distinguish flocks based on elevated antibody titers. Numerous ELISA 

methodologies for the identification of IBV antibodies have been established and are 

extensively utilized. ELISA is a widely used method for IBV serological profiling because it 

is easy to use, fast, sensitive, and can be used to test a lot of samples at once (Shiferaw et al., 

2022). Serological tests are less effective and yield inconclusive results in identifying novel or 

emerging IBV isolates because of the proliferation of various IBV serotypes and their lack of 

cross-reactivity (Bande et al., 2016). 

2.5.2. Viral isolation 

Since IBV levels are highest one week after infection, possibly even before the symptoms 

appear, samples should be taken as soon as IB-compatible signs are first seen while trying to 

isolate field viruses. The kidneys or the oviduct are good places to take samples, especially if 

there are lesions. However, tracheal tissues or swabs are the best places to take samples, 

especially during the acute period. Cloacal swabs and caecal tonsils can also be utilized for 

isolation; however, the virus recovery rate seems to be diminished (Jackwood & de Wit, 

2013).To check for IBV at the flock or farm level, one should collect a pooled sample from 

both sick and healthy chickens. To keep the virus alive, samples should be quickly sent to the 

lab and kept on ice in a safe place.  

Tracheal organ cultures (TOCs) or the allantoic cavity of SPF chicken embryonated eggs have 

been considered more efficient methods compared to cell culture for viral infection. IBV 

causes urate stones in the mesonephros, resulting in growth retardation, curled embryos, and 
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embryonal deaths in embryonated eggs, while ciliostasis is induced by the virus in TOCs. 

Lesions in embryonated eggs usually appear on the third passage, while ciliostasis is evident 

in the TOC after the first passage. 

2.5.3. Molecular technique 

The nucleic acid of the study virus is RNA. Due to the relatively more stable nature of DNA, 

it becomes imperative to use reverse transcription techniques to convert the RNA of the virus 

to a single strand of complementary DNA (cDNA) (Sundgren, 2020). One technique used 

successfully for detecting viral infections in field specimens and amplification of allantoic 

fluids is RT-PCR. All strains of IBV can be tested using target primers for the 3’UTR and S 

glycoprotein (Sun and Liu, 2015; WOAH, 2018). 

2.6. Limitations of Serotyping and Genomic Accuracy in IBV Evolution 

Typically, nucleic acid-based or antibody-based methods can be used to classify IBV, and these 

methods correspond to the results for genotyping and serotyping. This antibody interferes with 

the generation of the signal, preventing the enzyme-linked immunosorbent assay (ELISA) 

from differentiating between various serotypes, particularly when the coated antigen consists 

of whole virions (Lin & Chen, 2017). Mutations in specific epitopes or partial cross-reactivity 

often complicate serological characterization. More extensive molecular epidemiology 

research should be conducted to enhance understanding (Tegegne et al., 2020). Bio-molecular 

assay is beneficial for genetically identifying the circulating IBV strains to select a suitable 

vaccine and mitigate the transmission of IBV outbreaks within a specific geographic region. 

Additionally, genome sequencing can significantly enhance our understanding of IBV 

variability and provide essential insights into virus evolution (Marandino et al., 2023). 
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2.7. Infectious Bronchitis Virus status 

2.7.1. Global 

Major infectious bronchitis virus serotypes, such as Mass-type, 4/91 (793B or CR88)-like, 

D274-like (D207, D212 or D1466, D3896), and D3128, QX-like, and Italy 02, are found all 

over the world. Some serotypes, like the QX-like IB virus, the Mass strain from the USA, the 

4/91 (CR88) strain from the UK, and the H120 strain from the Netherlands, are variants that 

have an effect in certain areas but have the potential to spread to other countries (De Wit et al., 

2011a; Jackwood et al., 2012). 

2.7.2. Infectious bronchitis virus status in Ethiopia 

The first case of IBV was detected in 2017 from a flock located in Bishoftu, Ethiopia (Hutton 

et al., 2017). The first IBV serotype to be identified was 793B. However, Tesfaye et al. (2019) 

later found other IBV serotypes such as M41, D-274, and Qx; re-emergence of serotype 793B 

was also recorded, and another study was performed in Ethiopia (Table 1). 
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Table 1: An overview of the serological and molecular study status of IBV in Ethiopia 

Year of 

study 

Study area Method  prevalence Strain Reference 

2016 Debrezeit Serological 

and 

Molecular 

94.5% 

 

793/B (Hutton et 

al., 2017) 

2017-2018 Oromia region 

and SNNPRS 

Serological -68.75% in 

commercial 

and 74.88% 

in backyard 

M41, D274, 

793B, and Qx 

from the 

backyard 

(Tesfaye et 

al., 2019) 

 

2019 – 

2020 

Central 

Ethiopia 

(Shewa) 

Serological chicken 

level-90.5% 

holding 

Level:94% 

Not reported (Habte et al., 

2022) 

 

2020 Jimma Zone, 

Southwest 

Serological 

and 

molecular 

6% 793/B (GI-13) (Tegegne et 

al.,2020) 

2020-2021 Northwest 

Ethiopia 

Serological 23.96% Not reported (Birhan et al., 

2021) 

2021 Bishoftu and 

mojo 

Molecularly - 4/91 like 

strain (GI-13). 

(Wayou et 

al., 2021). 

2021 Bishoftu and 

Holeta town 

Serological 97.46% Not reported (Shifera et 

al., 2022) 

2021-2022 Bishoftu Molecularly 80% Not reported (Demeke et 

al., 2023) 

2023 Central 

Gondar, 

Northern 

Ethiopia 

Serological 

and 

Molecular 

92.19% 

11.54% 

Not Reported (Mihret et al., 

2023) 

2021-2022 East Shewa, 

Central 

Ethiopia 

Serological 

and 

Molecular 

97.96% 

33.3% 

Mass and 

793/B 

(Hirbaye et 

al., 2024) 

2023-2024 Mekele and 

Bishoftu 

Molecularly  12.2%  Massachusets (Berhan et 

al., 2025) 
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2.8. Etiology of Infectious Laryngotracheitis and Molecular Biology of Infectious 

Laryngotracheitis Virus 

The infectious Laryngotracheitis virus, or Gallid herpesvirus 1 (GaHV-1), is what causes ILT. 

It is a member of the Iltovirus genus and the Alphaherpesvirinae subfamily of the 

Herpesviridae family. The ILT genome consists of a 150-155 kb linear double-stranded DNA 

that encodes a unique long (UL), Unique short (US), and two inverted repeat (IR) sequences 

(Figure 2). The fully assembled complete genome sequence of ILT consists of 148 kb 

nucleotides, exhibiting a G +C content of 48.2 % (Gowthaman et al., 2020). 

 

Figure 2: Structure of ILT virus (Gowthaman et al., 2020). 
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The ILTV virus particle interacts with cell surface receptors via the glycoprotein spikes present 

on the outer surface. Once bound, the viral envelope is fused with the host cell membrane; this 

results in the presence of the nucleocapsid inside the cell cytoplasm. After that, the 

nucleocapsid moves to the host cell nucleus; this marks the start of the replication process. 

Among approximately 70 proteins produced in the nucleus, most are viral structural proteins, 

while others are non-structural proteins that include enzymatic proteins required for the 

replication of viral DNA. After DNA replication, the genome is packaged to form 

nucleocapsids. Envelope formation takes place by budding off the nuclear membrane; mature 

virions are found in cytoplasmic vacuoles(Jonare, 2020). 

2.9. Clinical Signs of Infectious Laryngotracheitis  

Clinical symptoms of ILTV infection usually manifest six to twelve days following natural 

exposure to the virus. The symptoms of the disease manifest themselves in the form of 

hemorrhagic conjunctivitis, tearing, nasal discharges, and respiratory manifestations like rales, 

dyspnea, and expectoration of blood-streaked mucous discharge. Lesions characteristic of the 

disease include gross lesions in the upper respiratory tract and the sinuses, with morbidity, 

mortality, and reduction in egg production being high (Mo & Mo, 2025; Gowthaman et al., 

2020), where mortality can be as high as 70% (Brown et al., 2020). Susceptibility includes all 

age groups in chickens, although prevalence is common between 4 and 18 months old. In 

peracute laryngotracheitis, mortality exceeds 50%, while in acute infectious laryngotracheitis, 

mortality rates are 10%-15%, even though the morbidity rates are comparable to peracute 

infectious laryngotracheitis. Chronic and mild laryngotracheitis have morbidity and mortality 

rates of 2%-5%. Egg production is invariably affected by the disease (Samour, 2015). 

2.10. Virulence of Infectious Laryngotracheitis Virus 

Virulence is the ability of a virus to cause disease in the host (Jonare, 2020). Herpesviruses 

have involved numerous immune evasion strategies and employ self-replicating mechanisms 

to survive inside their host. One way to do this is to get functional copies of host genes that 

code for cytokines like IL-6 (HHV-8), IL-10 (HHV-4, HHV-5), and IL-17 (SaHV-2). These 
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viral mimics, also called virokines, can either help the virus reproduce by making target cells 

grow faster or change the way cytokines send signals to cells to help the virus (Volkening et 

al., 2025).  Most alpha herpesviruses, such as ILTV, have glycoprotein G (gG), which is a 

broad-range viral chemokine-binding protein (Coppo et al., 2018). 

2.11. Transmission Dynamics of Infectious Laryngotracheitis   

Chickens get infected with ILTV through the upper respiratory tract and eyes (Yegoraw et al., 

2021). Another possible route of infection is ingestion, but this requires exposure of the nasal 

epithelium. Some of the causes of ILTV are contaminated dust, litter, beetles, drinking water, 

fomites, clinically sick chickens, and latently infected carriers (Brown et al., 2020). Upon 

infecting the upper respiratory tract of susceptible chickens, ILTV results in severe viral 

replication (Mo and Mo, 2025). The virus is frequently shed from the tracheal tissue and 

secretion for six to eight days post-infection. Following infection, the virus may be present at 

a very low level for as long as ten days (Yegoraw et al., 2021). During stress periods, for 

example, at the beginning of laying or rehoming, ILTV is reactivated and transmitted to 

susceptible hens (Hein et al., 2021). 

2.12. Diagnostic Methods of Infectious Laryngotracheitis Virus 

The laboratory diagnosis is essential for ILT, as similar clinical signs and lesions may be 

produced by other diseases such as infectious bronchitis, Newcastle disease, avian influenza, 

infectious coryza and mycoplasmosis. Various methods, including virus isolation and DNA 

detection, can be used to confirm ILT infection. A commercial ELISA for detection of 

antibodies against ILT is available, although ILT is isolated by primary cell culture and CAM 

injection of 9 to 12-day-old embryos. The CAM was inoculated with swabs or organ samples 

from the larynx, lung, conjunctiva, and trachea of chickens with clinical signs. The CK and 

CEL cell cultures were suitable for the isolation of ILT (Ou & Giambrone, 2012). Several 

molecular techniques have been described for the detection of ILTV DNA in clinical samples, 

but PCR has been the most useful. ILTV DNA was detected by nested PCR in formalin-fixed, 

paraffin- embedded tissues with or without syncytial cells and/or intranuclear inclusions. PCR 
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is more sensitive than virus isolation for clinical samples, particularly in the presence of other 

contaminating viruses such as adenoviruses (WOAH, 2021). 

PCR assays involving the ICP4 locus are designed based on conserved regions within the 

subfamily of Alphaherpesvirinae (Creelan et al., 2006). The protein encoded by the gene acts 

as an initiator protein for the transcription of early and late genes (Mossad et al., 2022). 

Moreover, considering that the ICP protein is expressed before the replication of the viral 

genome in the host cells, its target will lead to reliable outcomes (Santander-Parra et al., 2022). 

Besides, since the differentiation between wild and vaccinated virus using the ICP4 locus is 

widely applied, it provides diagnostic advantages as well (Mossad et al., 2022). 

2.13. Limitations of Serotyping and Genomic Accuracy in Infectious Laryngotracheitis 

Virus Evolution  

Genomic pathogen detection and tracking methods identify disease and track its distribution 

by analyzing the genetic material of the pathogen. This strategy utilizes DNA sequencing 

techniques for analyzing multiple samples from pathogens and gaining information about their 

genomes quickly. Analysis of the genetic makeup of different strains allows one to detect the 

origin of the pathogen outbreak and track its sequence changes in time (Vashisht et al., 2023). 

The establishment of control methods requires genomic surveillance of the circulating ILTV 

strain in a given geographic area (Choi et al., 2016). GaHV-1 strains are antigenically 

homogeneous, and differentiation of strains has been possible by analysis of differences in 

genetic make-up between vaccine strains and isolates associated with outbreaks. In countries 

where ILT outbreaks have occurred, a variety of genes and genomic areas have been used in 

the development of DNA-based diagnostic assays to distinguish vaccination strain from 

isolates associated with the outbreak. More recently, the whole genome sequences have 

permitted the identification of the origin of some of the isolates associated with outbreaks that 

are circulating in some chicken-producing countries (Menendez et al., 2015). 
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2.14. Status of Infectious Laryngotracheitis Virus in Ethiopia 

The first case of ILT was recorded in the central and southern parts of Ethiopia following 

serological screening done in 2019. Prevalence rate was found to be significantly high in the 

case of backyard poultry production (34.4%) compared to commercial poultry production 

(13.3%) (Tesfaye et al., 2019). Another study found a high prevalence rate of 54.7% in the 

Ada'a District of Bishoftu city of Ethiopia (Roba, 2020). Nevertheless, molecular identification 

of the disease is rarely reported (Table 2). 

Table 2: An overview of Ethiopian studies on infectious laryngotracheitis 

Year of 

study 

Study area Productio

n system 

Type of 

laborato

ry test 

Reported prevalence References 

2017-

2018 

Central and 

south  Ethiopia 

Commercia

l and 

backyard 

Indirect 

ELISA 

19.4% overall; 13.3% 

commercial & 34.4% 

backyard 

(Tesfaye et 

al., 2019) 

2019 
Ada’a district, 

Oromia 

Backyard Indirect 

ELISA 

54.7% overall (Roba, 2020) 

2020–

2021 

Central Gondar, 

West Gojjam, 

and South 

Gondar 

Mixed 

systems 

Indirect 

ELISA 

59.1% overall (Birhan et al., 

2022) 

 

2022 Nekemte, Small-scale 

production 

Indirect 

ELISA 

15.36% overall (Balcha et al., 

2023) 

2021–

2022 

Robe Town, 

Southeastern 

Ethiopia 

Commercia

l and 

Backyard 

ELISA, 

Egg 

isolation 

& PCR 

26.7% overall (Abebe et al., 

2024) 

 

2021 

 

East, West and 

North Shewa 

Scavenging 

and 

intensive 

Indirect 

ELISA 

26.9 % chicken-level 

prevalence 

(Habte et al., 

2022) 
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3. MATERIALS AND METHODS 

3.1. Description of Study Areas 

The study was performed at four locations in Oromia Regional State, Ethiopia, namely Maya 

city, Waliso, Sebeta, which is commonly known as Sabata, and Eteya towns (Figure 1). Maya 

City is located about 510 km east of Addis Ababa in eastern Hararghe, on the main road to 

Harar. This location resulted from the consolidation of the sub-cities of Haramaya, Aweday, 

and Addele. The elevation of the study site ranges between 1,600 and 2,100 meters above sea 

level. A bimodal pattern of rainfall has been noticed in this area, where short rains occur 

between February and May, whereas long rains occur between June and September, with dry 

seasons between October and February. Annual rainfall varies between 118 and 866 mm with 

an average of 492 mm, whereas maximum and minimum temperatures are 17 and 9°C, 

respectively (Dahesa et al., 2025). 

Sebeta town is situated 25 kilometers southwest of Addis Ababa. It is located in the tepid-

humid mid-highland agro-ecological zone at an elevation of 2195 to 2300 m above sea level. 

The average annual rainfall is 955 mm, with July being the wettest month and November being 

the driest. The average temperature in Sebeta ranges from a minimum of 10°C to a maximum 

of 22°C. Farmers engage in mixed farming, which includes both crop cultivation and animal 

husbandry(Gemeda, 2025) 

The Waliso district lies within the South West Shewa, 114 km away from Addis Ababa, and 

lies between altitudes of 1500 and 2900 m above sea level. The district’s coordinates are 

8°32′23.0″N and 37°58′16.3″E. It has a bimodal rainfall pattern with the first rains falling from 

March to April and the second rains falling from June to September. The average temperatures 

vary between 13.6°C and 25°C and have a mean temperature of 19.3°C.  The total number of 

cattle, sheep, goats, horses, mules, donkeys and poultry of the district is 224,334, 39,543, 

51,042, 7,625, 6,164, 16,320 and 147,679, respectively (Choramo et al., 2024). Eteya town is 

situated 170 kilometers southeast of Addis Ababa and lies in an area of 937 square kilometers, 

with its coordinates being 8°08′N 39°14′E. It has an elevation between 1500 and 4170 meters 
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above sea level. This region experiences a biomodal rainfall pattern with the short rain falling 

between March and April, while the long rain falls between July and October, with temperature 

varying between 10 °C and 22.6°C (Yirga et al., 2018). 

Source: The map was created using ArcMap 10.7.1 

Figure 3: Map of the study areas 

3.2. Study Population and Sample Size 

The study was carried out on backyard chickens and commercial poultry farms that are 

apparently healthy and manifest signs of respiratory disease (swollen head syndrome (SHS), 

along with respiratory distress, coughing, sneezing, ocular and nasal discharge, difficulty 

breathing, and gasping. Although chicken, those decreased egg production, loss of water, and 

reduced feed intake. Chickens of various age groups (pullets, medium, adults), sex (male, 

female), breeds (Local, Crossbreeds, and exotic), management (backyard, commercial), and 



20 

 

non-vaccinated flocks were incorporated in the study based on farm owners’ availability, 

willingness, and consent. Backyard flocking refers to a low- or no-input economic venture that 

uses few health care interventions (Rajkumar et al., 2021), and its bird derived products are 

dedicated mainly to home self consumption, and the number of birds in such a flock is usually 

small (5-50 or more chickens) (Chaiban et al., 2020). A purposeful sampling design was 

intentionally selected against random sampling due to the fact that identifying symptomatically 

affected flocks would provide greater chances of virus isolation and identification, and 

inclusion of clinically healthy birds was important for the accurate determination of 

seroprevalence to know post-exposure. 

For molecular detection, 25 pool samples (n=125) were purposively collected from 

commercial poultry farms with symptomatic chickens, but only 12 pooled samples (n=60) were 

tested for molecular detection because of resource limitations. The sample size was decided 

based on the availability of the laboratory consumables to carry out molecular detection. For 

isolation and molecular detection, samples from five chickens were pooled into one. The 

sample size for seroprevalence was calculated using the Thrusfield formula, incorporating a  

95 % confidence interval and a 5% desired absolute precision, considering the absence of prior 

research on Infectious Bronchitis Virus (IBV) and Infectious Laryngotracheitis Virus ( ILTV) 

viruses in the study area, and assuming a 50% expected prevalence. Based on the absence of 

prior research on IB and ILT viruses in the study area, the following sample size was decided. 

Thus, the sample size was 384 chickens, as shown by the following formula (Thrusfield, 2018). 

n = 
𝑍2 𝑥 𝑃𝑒𝑥𝑝 (1−𝑃𝑒𝑥𝑝)

𝑑2
 

n = 
(1.96)2 𝑥 0.5 (1−0.5)

0.052
 

Where, n = sample size,  𝑍2= the value of z at a 95% confidence interval (1.96), Pexp = expected 

prevalence, and d=desired absolute precision (0.05).  



21 

 

3.3. Study Design and Sampling Methods 

A cross sectional study design was conducted from November 2025 to May 2026 to 

molecularly detect, isolate, and determine the seroprevalence of the major poultry respiratory 

and immunosuppressive viral pathogens, including IBV and ILTV. The study was performed 

in selected areas of Ethiopia, namely Maya City, Waliso, Eteya, and Sebeta towns. These sites 

were purposely selected due to the limited number of previous studies conducted in the areas 

and their epidemiological significance in poultry production. Convenience sampling methods 

were employed, and flocks were selected primarily depending on accessibility and the 

willingness of the owner to permit sample collection. Chickens were randomly selected within 

each flock for blood sample collection, while for swab sampling, chickens showing clinical 

signs were purposefully chosen. The sampling procedure was standardized as much as 

possible. 

3.4. Sample Collection and Transportation 

3.4.1. Swap sample collection and preparation. 

To lower the cost of the testing while still meeting the statistical sampling requirements for 

finding infection, the WOAH and others point out that up to eleven swabs from chickens or 

turkeys can be pooled without losing the RT PCR assay’s sensitivity (Pieterse et al., 2022). 

Accordingly, samples taken from each individual were pooled together in sets of five based on 

flock sizes per farm; for farms that had fewer than 500 birds, only one pool was taken, whereas 

for those that had more than 500 birds, two pools were formed. 

Chickens showing symptoms of respiratory distress, such as coughing, sneezing, dyspnea, and 

gasping (Appendix 1), oculonasal discharge, and a decrease in egg production were selected 

for sampling. Sterile cotton swabs were inserted into the mouth of each chicken and gently 

swabbed its oropharynx (Appendix 2). The samples were put directly into the sterile labeled 

universal bottles containing a 3 ml virus transport media with 10% antibiotic added. They put 

on ice box and transported them to Haramaya University molecular laboratory, where they 
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kept them at −80◦C. Then, they were put in an ice box and taken to the virology laboratory at 

NVI and stored in the same manner. 

3.4.2. Blood sample collection and serum preparation 

Antibody of maternal was expected to develop within the initial three weeks of life; therefore, 

chickens less than three weeks old were not included in the study. Chickens, which are 

apparently healthy, local, cross, and exotic breeds, both sexes, unvaccinated, commercial and 

backyard production systems are included. 384 blood samples (2–3 mL) were obtained using 

syringes with 3mL capacity and 22-gauge needles from the wing (Appendix 2). 

To separate the serum from the blood clot, the blood sample was left to clot in the syringe 

overnight at room temperature in a slant position. After that, the sera were transferred into 

sterile 1.8 ml cryovial tubes and sent to the National Veterinary Institute (NVI) in an ice box. 

They were kept there at −20°C until they could be tested for anti- ILT and IBV. The data 

recording sheet had all the right information about each chicken, such as its age, breed, sex, 

and type of farm (Grankvist et al., 2019). 

3.5. Laboratory Investigation 

At NVI, techniques for Seroprevalence analysis, virus isolation, and molecular detection were 

carried out.  

3.5.1. Serological analysis of IBV 

An indirect ELISA (enzyme-linked immunosorbent assay) test method was employed in the 

serology laboratory, and the antibody response against IBV was determined. This test made 

use of a commercially available ELISA kit (ID.vet, ID Screen® infectious bronchitis virus 

antibodies against IBV in chicken serum or plasma; Louis Pasteur-Grabels, France). The entire 

process of testing was done according to the manufacturer's guidelines Appendix 3, making 

use of pre-coated 96-well flat-bottom ELISA plates with all necessary reagents provided by 

the kit. Before performing the test, all the samples and reagents were taken out of the 
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refrigerator to be allowed to reach room temperature for 30 minutes, and the samples were 

diluted in the ratio of 1:500 with the sample diluent buffer. Subsequently, 100 μl of the diluted 

samples was added into the microplate coated with purified IBV recombinant protein, and the 

plates were covered with sealants and incubated at 21 0C for 30 minutes. After 30 minutes' 

incubation, empty the well and wash the well 3 times with wash solution, and an anti-chicken 

horseradish peroxidase (HRP) conjugate was added to the wells and incubated at room 

temperature as mentioned above. The wells were emptied and washed 3 times again with wash 

solution, and 100 μl of a solution of tetramethylbenzidine (TMB) substrate/chromophore 

(IDEXX, Switzerland) was then added and incubated at 21 0C for 15 minutes in a dark place, 

resulting in the development of a blue color (Appendix 4). The reaction was stopped with 0.5 

M sulfuric acid (IDEXX, Switzerland). 

The reaction on the microtiter plate was quantified by measuring the color intensity 

photometrically at a wavelength of 450 nm using an ELISA reader. The result of the test was 

accepted as valid if the positive control’s mean optical density value was greater than 0.250 

and the ratio of the positive and negative control’s mean values was greater than 3. The results 

were assessed using the ELISA sample to positive(S/P) for each serum. Serum samples were 

considered positive if their S/P value was greater than 0.2. The following formula was used to 

determine test positivity or negativity. 

S

P
 ratio = 

 ODsample−ODNC

𝑂𝐷𝑃𝐶−𝑂𝐷𝑁𝐶
 

Where S/P stands for sample-to-positive ratio, ODS for sample optical density, ODNC for 

optical density of negative controls, and ODPC for optical density of positive control. 

3.5.2. Serological analysis of Infectious Laryngotracheitis Virus  

The detection of the antibodies against ILTV in chicken sera was performed using the indirect 

ELISA test kit ID Screen® ILT Indirect (310 rue Louis Pasteur, Grabels, France) according to 

the protocol provided by the manufacturer. The final concentration of sera tested was 1:500 in 

dilution buffer 14 by the initial dilution to 1:50 and further dilution to 1:10 in the ELISA plate. 
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For the initial step in the detection process, 245 μl of dilution buffer 14 was dispensed into the 

pre-dilution plate wells except for the control wells (A1, B1, C1, and D1). Following this step, 

5 μl of the serum sample was dispensed into the buffer. In another ELISA microplate, 90 μl of 

the dilution buffer 14 was distributed in the analysis wells, and subsequently, 10 μl of the pre-

diluted sera was added. As part of the control check, 100 μl of the negative control was put 

into A1 and B1, and 100 μl of the positive control was put into C1 and D1, respectively. After 

that, the plates were covered and incubated at 21°C for 60 minutes. 

Subsequently, the wells were emptied of their content and then washed thrice with 300 μl of 

1x wash solution. During washing, the plate was not permitted to dry. Following washing and 

drying of the wells, 100 μl of conjugate 1x was added to each well. This had been made by 

diluting 10x conjugate into 1:10 Dilution Buffer solution. The wells were then covered and 

incubated for one hour at a room temperature of 21°C. Following the drainage and washings 

of the wells with 1x wash solution thrice, 100μl of substrate solution was added to each well. 

This process was repeated in a dark incubator at a room temperature of 21°C for 15 minutes. 

The addition of 100 μl of stop solution to each well eventually brought an end to the reaction 

process. The micro-titer ELISA plate was then inserted into the ELISA reader, where the 

amount of color intensity resulting from the ELISA test was determined photometrically at 450 

nm. The values of the OD sample and OD positive control (PC) were established. The positive 

control optical density (ODPC) showed a significant level of antibody to the ILT antigen in 

chicken serum.Validity of the test was determined by the fact that the average optical density 

(OD) reading of the positive control was greater than 0.250 while the ratio of the positive and 

negative controls was more than 3. The S/P ratio was calculated according to the formula 

below, as recommended by the manufacturer of the test kit. 

S

P
  ratio = 

 ODsample−ODNC

𝑂𝐷𝑃𝐶−𝑂𝐷𝑁𝐶
 

where “S/P” stands for sample-to-positive ratio, "ODS" for optical density of a given sample, 

"ODNC" for optical density of the negative controls, and "ODPC" for optical density of the 
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positive controls. The ILT antibody status was said to be positive if the 
S

P
  value was greater 

than 0.3 and negative if it was less than 0.3. 

3.5.3. Molecular detection of IBV from direct field samples. 

Because of the 3'UTR region’s stability and minimal genomic variability in comparison to 

other regions of the viral genome, it was selected as the target site for the RT-PCR diagnosis 

method (Hewson et al., 2009). 

Infectious Bronchitis Virus (IBV) Extraction: Following the manufacturer’s instructions    

(Appendix 5), the QIAamp Viral RNA Mini Kit (Qiagen, Germany) was used to extract viral 

RNA from the 12 swab samples. 

Conventional polymerase chain reaction for 3’UTR amplification: The Invitrogen 

Superscript™ III Platinum™ One Step RT PCR Kit (Thermo Fisher, Waltham, MA, USA) 

was used for RT PCR in accordance with the manufacturer’s instructions. To detect IBV from 

the collected swab sample using one step RT- PCR, a pair of primers, All1F 5′- 

CAGCGCCAAAACAACAGCG 3’ and Del1- R 5′ CATTTCCCTGGCGATAGAC-3’, was 

used to amplify 433 bp of the conserved region of the 3’UTR. This primer identifies the IBV 

strain that targets the most hypervariable region with a conserved flanking region in the IBV 

genome (Hewson et al., 2009). The final volume of master mix preparation was 25 μl (Table 

3), which included the template. A thermocycler was used for conducting PCR, with 

polymerase activation at 50 °C for 30 minutes and an initial denaturation step at 95 °C for 15 

minutes. Then, 35 cycles of 94 °C for 45 seconds for denaturation, 55 °C for 45 seconds for 

annealing, and 72 °C for 45 seconds for extension. The last step was an extension at 72°C for 

5 min. 
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Table 3: Preparation of a One-step RT-PCR master mix for 3ˊUTR amplification 

s/n        Type of reagent For one reaction 

1 RNase-free water 4 μl 

2 5x RT-PCR Buffer 5 μl 

3 5x Q-solution 5 μl 

4 Primer-AIBV All1-F-Fow-5pm/μl 

5ˊCAGCGCCAAAACAACAGCG-3ˊ 

2 μl 

5 Primer AIBV- Del1 Rev 5pm/μl   

5ˊCATTTCCCTGGCGATAGAC-3ˊ  

2 μl 

6 10Mm dNTPs mix 1 μl 

7 One-step RT-PCR Enzyme Mix 1 μl 

8 Template 5 μl 

7 Total volume  25 

 

Agarose Gel Electrophoresis: 1.5% agarose gel was prepared by dissolving 1.5 agarose in 

100 mL of 1x TAE buffer and heating the mixture until it was fully dissolved. The solution 

was then poured into a gel casting tray containing a comb and left at room temperature until it 

set. Once the gel had completely solidified, it was placed in an electrophoresis chamber 

containing 1x TAE buffer solution, and the comb was carefully removed. Next, 25 µL of each 

PCR product was combined with 5 µL of 1x pre-mixed loading dye and staining dye, and 10 

µL of the resulting mixture was loaded into the appropriate wells. Positive and negative 

controls were included in addition to the sample. Then, 10 µL of molecular ladder with 100 bp 

was used as a marker for band size at both ends. The apparatus was securely positioned, and 

120 V was applied for one hour. Once the power was switched off, the gel was transferred to 

the UV room, exposed to UV light, and then photographed with the Gel Documentation System 

(Lee et al., 2012). The expected band size for positive 3'UTR gene results was approximately 

433 bp. 

3.5.4. Molecular detection of Infectious Laryngotracheitis  

DNA extraction was performed using the QIAGEN kit (QIAGEN® DNA mini columns kit, 

QIAGEN, Germany), following the manufacturer's instructions. 12 pooled Swab samples (n = 
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60) were used for DNA extraction. Samples were thawed for activation, and 200 μl of lysing 

buffer was added to each of the 12 processed cryovials separately. 200 μl of processed ILT 

sample was added to each cryovial containing 200 μl of lysing buffer and mixed. 20 μl of 

protease K was added to release contaminants, making the total volume 420 μl, and the 

suspension was mixed by pulse-vortexing for 15 seconds. After that incubated at 56°C for 10 

minutes, then 200 μl of 96% ethanol was added and pulse-vortexed before being centrifuged.  

After that, the mixture was then put in a centrifuge and centrifuged at 8000 rpm for 1 minute. 

Finally, 620 μl of the suspension was transferred to a QIAMPSpin column and centrifuged 

again at 8000 rpm for one minute. The liquid went through the column during centrifugation, 

but the DNA stayed on the membrane. After adding 500 μl of AW1, the mixture was 

centrifuged at 8000 rpm for 1 minute, then moved to a biosafety cabinet for suspension 

decanting. Then, 500 μl of buffer AW2 was added, and centrifugation occurred at 14,000 rpm 

for 3 minutes. Then, it was moved to the same empty vials after decanting the 500 μl of AW2 

and spinning the column at 14,000 rpm for 1 minute to dry it off. The columns were put into 

new vials, and 50 μl of AE buffer was added to the membrane to release pure DNA. After a 5-

minute incubation at room temperature, samples were centrifuged at 14,000 rpm for 1 minute 

to settle the DNA at the bottom of the vials. The DNA vials were ready for PCR processing 

after the columns were thrown away. They were kept at -20°C until the master mixed the 

following day. 

Molecular diagnosis of ILTV was carried out using the 747 bp of ICP4 gene. The choice of 

this target region was based on the fact that it contains a nucleotide sequence conserved across 

members of the Alphaherpesvirinae subfamily (Creelan et al., 2006). In addition, because it is 

an immediate early gene that encodes a transcription factor (~175 kDa) expressed before viral 

genome replication, it serves as a reliable marker for detection (Sampath & DeLuca, 2008) 

Conventional PCR amplification for the ICP4 gene of ILTV was conducted in a total reaction 

volume of 25 μl per sample. The PCR master mix was made to a total volume of 20 μl per 

reaction by adding reagents in successive order. In each individual reaction, the mixture 

consisted of 10 μl of IQ Supermix, 6 μl of Nuclease Free Water, 2 μl of the forward primer F2 
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(5'-CTTCAGACTCCAGCTCATCTG-3'), and 2 μl of the reverse primer 3R (5'-

AATGAGCACGCAACCAGAAGTAA-3'). Master mix aliquots were transferred into 

individual PCR tubes followed by the addition of 5 μl of the extracted template DNA to reach 

a total reaction volume of 25 μl. 

The PCR amplification process began with an initial denaturing step carried out at 95 °C for 4 

minutes. 35 cycle were then conducted, whereby each cycle consisted of a denaturation step at 

94°C for 1 minute, an annealing step at 60°C for 1 minute, and an extension step at 72°C for 

90 seconds. The final extension step was done at 72°C for 10 minutes. 

Gel Electrophoresis: The PCR products were separated on a 1.5% (w/v) agarose gel. To 

prepare the gel, 1.5 g of agarose was dissolved in 100 mL of 1x TAE buffer. The agarose 

solution was heated until fully dissolved, then poured into a tray fitted with an appropriate 

comb and left at room temperature to set. After the gel had completely solidified, it was placed 

in an electrophoresis chamber containing 1x TAE buffer, and the combs were carefully 

removed. Next, 25 µL of each PCR product was combined with 5 µL of 1x pre-mixed loading 

dye and staining dye, and 10 µL of the resulting mixture was loaded into the assigned wells. 

Positive and negative controls were included alongside the sample. A 100 bp molecular ladder 

(10 µL) was loaded into the first gel lane to serve as the size marker. Electrophoresis was 

performed at a constant voltage of 120 V for 1 hr. (Lee et al., 2012). After the run, the gel was 

examined under ultraviolet (UV) light, and the expected 747 bp bands were evaluated. 

3.5.5. Infectious Bronchitis Virus isolation in an embryonated egg 

Because of limited resources, two RT PCR-positive pooled samples were selected as a 

representative subset for virus isolation. Specific pathogen-free embryonated chicken eggs 

were obtained from the NVI of Ethiopia. The SPE eggs were incubated at 37°C and kept at 

65% relative humidity. Temperature and humidity were checked daily until the day the samples 

were inoculated. The swab samples were centrifuged at 1500 rpm for 10 minutes to vortex and 

clarify them. Afterwards, the suspension was passed through a 0.45µm syringe filter (Millipore 
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USA). The resulting filtrate was kept at -80°C for later processing. Specific Pathogen Free 

(SPF) embryonated chicken eggs were used for the initial isolation of IBV (WOAH, 2018). 

The embryonated eggs were disinfected with 70% ethanol, and a hole was made in a selected 

area of the egg, approximately two-thirds away from the embryo, under aseptic conditions. In 

brief, 0.2 ml of sample supernatant was inoculated into the allantoic cavity of 11-day-old 

embryos. The control egg was inoculated with PBS. The opening was sealed with melted 

candle wax, and the inoculated eggs were then incubated at 37°C. The eggs were candled each 

day for 5 days, and deaths occurring within the first 24 hours were regarded as nonspecific 

(Mechanical). Then, the allantoic fluids from all eggs were combined after harvest at 2–5 days 

post-infection (Appendix 6); this mixture was diluted 1/5 in antibiotic broth and used to 

inoculate another group of eggs, for a maximum of four passages. The infectious allantoic 

fluids were first cooled to 4°C, then collected, and finally kept at -20°C until RNA extraction 

was carried out. Because other respiratory viruses, such as avian adenovirus, can produce 

lesions similar to those caused by IBV, the virus was confirmed using a molecular detection 

method (WOAH, 2018). 

3.5.6. Molecular confirmation of isolated egg for IBV 

To establish conclusively that the lesions seen in the inoculated embryos resulted from IBV 

replication, allantoic fluid was obtained from eggs that showed embryonic alterations. As 

outlined in section 3.5.3, viral RNA was extracted from the recovered fluid, and all methods 

were done according to that and then analyzed by a second RT-PCR run under the same thermal 

cycling conditions, amplifying the same 433 bp region of the 3’UTR. 

3.5.7. Isolation of Infectious Laryngotracheitis Virus in chicken embryo fibroblast cell culture 

(CEF)  

Ten-day-old embryonated eggs were used to create the primary cell culture (Appendix 7). The 

growth media were discarded, and 0.5 ml of the field swab was used as inoculum and added to 

the monolayer CEF cell culture. Cells were incubated for 1 hr. at 37°C to allow virus 

attachment to cells and then supplied with maintenance media (2%) similar to control cell 
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culture. An inverted microscope is used every day to look for signs of viral cytopathic effect 

(CPE) in the cell culture (Appendix 8). The infected cell culture was frozen at -20°C, then 

thawed and propagated for two passages (Taha et al., 2017; Atta and Allawe, 2018). 

3.6. Data Management and Analysis 

 Data obtained were entered into Excel 2019 software and analyzed using STATA version 17 

software. The Pearson’s chi-square (χ2) test was used to determine the association between the 

potential risk factor and viral revalence. logistic regression models were subsequently used to 

determine the direction and magnitude of these associations, with results expressed as Odds 

Ratios (OR) alongside their corresponding 95% Confidence Intervals (CI). For all statistical 

analyses, a P-value of less than 0.05 was considered statistically significant. 

3.7. Ethical Approval and Considerations  

The study was reviewed by the Animal Welfare and Research Ethical Review Committee at 

Addis Ababa University College of Veterinary Medicine and Agriculture, ensuring ethical 

considerations and adherence to public health and animal welfare principles. The committee 

approved the study, and if necessary, the humane sacrifice of severely ill chickens will follow 

established protocols (appendix 9). The significance of this research was evaluated from ethical 

perspectives, applicability, originality, and technical competence points of view. Finally, 

approval was granted with Reference number (VM/ERC/09/112/18/2026). Verbal consent was 

obtained from animal owners for their willingness to participate in this study. Sampling was 

done following proper animal care. 
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4. RESULTS 

4.1.Seroprevalence of Infectious Bronchitis Virus and InfectiousLaryngotracheitis 

Virus  

In this study, a total of 384 individual blood samples from chickens were tested for IBV and 

ILTV antibodies using the ELISA technique. The findings from the study revealed that there 

was a marked difference in the presence of the two viruses. The overall seroprevalence rate for 

IBV was 99.7% (383/384), showing that IBV infection was very prevalent among the sample 

population of the chickens used. On the other hand, the overall prevalence rate for ILTV was 

much lower, standing at 17.19% (66/384), most of which were from one geographical area 

only. 

The sample taken from all three out of four sites indicated 100 % seroprevalence of antibody 

against infectious bronchitis virus (IBV). Hence, there was an occurrence of seroprevalence 

for IBV of 100% in Sebeta (n=97), Waliso (n=92), and Eteya (n=76). The level of exposure 

was slightly lower in Maya city (n=119) as well, but it was still a remarkably high rate of 

99.2% (Table 6). However, in the case of ILTV, there was a highly varied geographical 

distribution of exposure to this virus. There was maximum local prevalence in Maya City, 

which reached 53.8% (64/119), compared to 1.1% (1/92) and 1.0% (1/97) in Waliso and 

Sebeta, respectively. No positive cases (0%) were detected among the 76 samples collected 

from Eteya. In comparison based on Eteya as a reference using logistic regression, there were 

statistically significantly higher odds of positivity in Maya City (OR=177.82; 95% CI: 10.77-

2935.52; p = 0.000). On the other hand, the differences in the prevalence seen in Waliso 

(OR=2.51, p =0.575) and Sebeta (OR=2.38, p=0.597) towns were statistically insignificant 

(Table 4), thus implying no risk difference between the reference town and these two study 

towns. 
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Table 4: The Overall prevalence of IBV and ILTV based on the study sites 

Location Obse

rvati

on 

Positiv

e for  

IBV 

Positi

ve for  

ILTV 

Prevale

nce for 

IBV 

(%) 

Prevale

nce for 

ILTV 

(%) 

P value 

for 

ILTV  

OR 

ILTV 

95% CI 

ILTV 

Eteya 76 76 0 100 0 - Referen

ce 

   - 

Sebeta 97 97 1 100 1 0.597 2.38 [0.10 - 

9.21] 

Waliso 92 92 1 100 1.1 0.575 2.51 [0.10 - 

62.46] 

Maya city 119 118 64 99.1 53.8 0.000 177.81 [10.77 - 

2935.52] 

Total 384 383 66 99.7 17.1%   
 

Note: CI – Confidence of Interval, OD - odds ratio 

4.2. Risk factors for Infectious Laryngotracheitis Virus sero-prevalence 

The production system structure variables were significantly associated with the presence of 

positive samples. The prevalence was higher among backyard production systems, where it 

was 34.4% (22/64), while in commercial production systems, it was only 13.75% (44/320). 

Univariate logistic regression analysis revealed that chickens kept in backyard production 

systems were more than three times more likely to have a positive test result compared with 

those in commercial production systems (OR=3.29, 95% CI [1.79, 6.02], p = 0.001) (Table 5) 

The application of biosecurity measures at the farm level showed considerable efficacy against 

the pathogen. The prevalence of the pathogen was limited to 8.3% (20/241) in farms practicing 

regular farm cloth, while the prevalence was much higher, 32.2% (46/143), in farms that did 

not implement the practice. This practice was linked with an 81% decline in the odds of testing 

positive compared with no use of farm cloth (OR = 0.191; 95% CI = 0.11–0.34; p = 0.000). 

Likewise, the use of dedicated footwear by farm workers also emerged as a highly effective 

measure of biosecurity since it resulted in a prevalence rate of 7.3% (21/288) for farms using 
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dedicated footwear compared with a much higher prevalence rate of 46.9% (45/96) among 

non-users of dedicated footwear. 

Table 5 : Total prevalence of ILTV in different production systems and different biosecurity 

levels 

Factor Cate

gory 

No of 

the 

samp

le 

No. of sero-

positive 

animals (%)  

   X2 P 

value 

OR  95% 

Conf. 

Interval 

Farm type Com

merci

al 

320 44 (13.75 %) 15.93 - Reference - 

Back

yard 

64 22 (34.4%) 96 

 

0.000 3.29 [1.79 - 

6.02] 

Farm cloth No 143 46 (32.2%) - - Reference - 

Yes 241 20 (8.3%) 35.92 0.000 0.191 [0.11 - 

0.34] 

Dedicated 

Shoes 

No 96 45 (46.9%) - - - Reference 

Yes 288 21 (7.3%) 79.26 0.000 0.089 [0.049-

0.162] 

4.3. Molecular detection of IBV and ILTV 

Molecular analysis was carried out using 12 clinical samples collected from the field to 

determine the presence of Infectious Bronchitis Virus and Infectious Laryngotracheitis Virus 

(Table 6). To identify the presence of IBV, one-step RT-PCR was conducted by focusing on 

the highly conserved 3’ untranslated region (3’ UTR). The amplification reaction revealed a 

433 bp product size indicative of IBV 3’ UTR (Figure 4). Out of the 12 pooled samples 

analyzed, 5(41.7%) were positive for IBV, while the rest of seven sample not show 

amplification. The same 12 infection-suspected clinical samples were used to extract the DNA 

in preparation for conventional PCR in order to amplify 747 bp of the ICP gene of the ILTV 

genome. Four out of 12 samples (33.3%) were found positive for ILT through successful PCR 

amplification Figure 5). 



34 

 

Table 6: Summary of molecular detection methods, genetic target, and positivity rates of IBV 

and ILTV 

Target 

virus 

methods Target 

region/gene 

Expected 

band size 

Positive  

sample  

Detection 

rate (%) 

IBV One-step RT-

PCR 

3’UTR 433 bp 

5 / 12 

41.7% 

 

ILT Conventional 

PCR 

ICP gene 747 bp 
4 / 12 

33.3% 

 

 

Figure 4: A conventional RT-PCR agarose gel showing the 433 bp amplicon. 

The first and last lanes: 100bp molecular ladder (Biorabbit, Germany), lanes 1-5: tested samples that 

are positive for the 433-bp fragment, lane N: negative control, and lane P: positive control. 
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Figure 5: PCR amplification of a 747 bp fragment of the ICP4 gene from ILTV-infected field 

samples. 

Lane M = 100-bp DNA ladder (Biorabbit, Germany), lanes 1-4 tested samples that are positive, lane 

N: negative control, lane P: positive control, and bp: base pair. 

4.4. IBV isolation in embryonated eggs and molecular confirmation 

Two of the five RT-PCR positive samples were used for virus isolation by inoculation in 

embryonated chicken eggs, and propagation was successful for up to four passages. Start from 

passage one; it showed obvious physical abnormalities such as embryonic stunting, curling, 

and feather dystrophy (Figure 6), while the control samples showed no change or mortality. 

The allantoic fluid harvested was repeatedly analyzed by RT-PCR to confirm the isolation was 

successful and to monitor virus replication. However, the confirmatory RT- PCR on allantoic 

fluid from later passages was negative for 3’UTR, indicating that detectable viral genome was 

lost during isolation, even though the virus was present in the original field sample. 
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Figure 6: Isolation of IBV on embryonated egg:- 

A: normal embryo; B, C, and D: curling, deformation, and stunted growth of the embryo after 

inoculation of IBV. 

4.5. Infectious laryngotracheitis Virus propagation in Embryonic Fibroblast cell culture 

The three positive pooled samples detected by PCR samples were filtered through a 0.45 μl 

minipore filter and then inoculated with 0.5 ml of it on CEF cell culture. Clear CPE with 

rounded, aggregated cells and separation from the flask surface was observed in three days 

post-inoculation using an inverted microscope at 40x magnification (Figure 7 B); the control 

CEF cell culture, shown in Figure 7 A, remained unchanged. 
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Figure 7: Infectious Laryngotracheitis virus isolation using CEF cell culture:- 

(A) Control CEF cell culture, (B) CPE such as cell rounding, cell aggregation, and cell detachment in 

response to inoculation of field Infectious Laryngotracheitis virus.
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5. DISCUSSION 

In this study, the overall seroprevalence of Infectious Bronchitis Virus (IBV) in the backyard 

and commercial poultry flocks was an extremely high individual level seroprevalence 

(99.74%). Since the individual under investigation had never been vaccinated, this level of 

seroprevalence is indicative of field infection. 

Similar results were obtained in the research done by Ayim-Akonor et al. (2018), where a 

seroprevalence rate of 100% in unvaccinated commercial laying flocks was documented in the 

Ga-East district of Accra, Ghana. Similar findings are indicated by the studies conducted by 

Shiferaw et al. (2022), where a seroprevalence rate of 97.46% (345/354) was reported in the 

areas of Bishoftu and Holeta in Oromia, Ethiopia. Slightly lower seroprevalence rates (94.5%) 

were indicated by the work done by Hutton et al (2017), where an institutional production 

system and a village production system were investigated in central Ethiopia. Further 

seroprevalence studies performed in southern Mozambique revealed that unvaccinated 

backyard flocks showed a cluster- based seroprevalence of up to 93.3% (Pinto et al., 2022) and 

91 % in central Ethiopia, reported by Habte et al. (2022). 

Other studies have reported lower seroprevalence rates than this study. For instance, field 

surveillance by ELISA in unvaccinated flocks in poultry-dense areas of Pakistan showed an 

overall seropositivity of 84% (Kanwal et al., 2018). An overall seropositivity of 82.95% was 

reported in Nigeria (Ijoma et al., 2020), 70.6% in Sebeta Hawasa district Tesfaye et al., 2019), 

64.7% in the Ada’a district (Roba et al., 2021), 54.5% in a large scale serosurvey of 

unvaccinated backyard chickens in Iran (Shokri et al., 2018), and 23.96% in northwest Ethiopia 

(Birhan et al., 2021). Such wide variation is related to a substantial increase in viral circulation 

over time, as well as probable differences in sample sizes, agro- climatic conditions, and local 

poultry management systems. 

The overall seroprevalence of Infectious Laryngotracheitis (ILT) detected in this study is 

17.19% (66/384). This indicates a strong serological proof regarding the widespread 
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prevalence of Gallid Herpesvirus 1 in the studied areas of Oromia, thus filling an important 

gap in the local disease map. In comparison to other studies on Ethiopia's poultry population, 

this study falls within the middle baseline group, which matches closely with other findings 

where a prevalence rate of 17.33% was observed in Chittagong district of Bangladesh (Uddin 

et al., 2014). Another 19.4% was reported from the Amhara region of Ethiopia (Adam et al., 

2025) and a 19.4% prevalence rate by Tesfaye et al. (2019) in commercial and backyard 

chickens from Central and South Ethiopia. Also, it agrees with the results obtained by Balcha 

et al. (2023) from a small-scale chicken production system of East Wollega of Oromia with 

15.36% overall ILT seroprevalence. 

On the Other hand, the finding of this study is lower than those of Jahan et al. (2012) and 

Rahman et al. (2018), who have found prevalence rates of 92.28% and 81.47%, respectively, 

in Bangladesh. Abebe et al. (2024) also observed a higher seroprevalence rate of 26.7% in 

backyard and small commercial chicken farms in Robe Town, southeastern Ethiopia. Likewise, 

in Ada’a district, Oromia region, Roba et al. (2020) reported the first Official documentation 

of ILT in backyard chickens, with a significant seroprevalence rate of 54.7%, and even higher 

cluster seroprevalence rates of up to 83.3%. Furthermore, the current results are lower 

compared to the regional seroepidemiological study carried out in the Northern part of Ethiopia 

by Birhan et al. (2022), which reported 59.1% (454/768) of the seroprevalence in chickens. 

However, the overall prevalence recorded in this study (17.19%) is higher than that seen in 

Bangladesh 0.4 %, by Bhuiyan et al. (2019), Finland (12%), by Pohjola et al. (2019), and Iran 

13 % in broiler by Ghalyanchi Langeroudi et al (2020). These variations may also be linked to 

variations in farm management and biosecurity, in addition to climate. 

The prevalence rate of ILTV was significantly higher for the backyard production system 

(34.4%) compared to the commercial production system (13.75%). Backyard chicken farming 

mainly uses extensive, smallholder methods, and chickens are free-range. This makes it hard 

to maintain biosecurity. Because the chickens aren't controlled at home, they have more contact 

with wild birds. It's easier for diseases to spread, too, due to the mixing of different age groups. 

Additionally, these small-scale operations often skip veterinarians' care, like vaccinations, and 



40 

 

don't always keep things clean. As a result, there's more disease on these small farms. Because 

of these factors, the pathogen prevalence rate is higher in these backyard production systems. 

This is similar to the findings of Tesfaye et al. (2024), where the same 34.4% prevalence was 

found for backyard chickens in central Ethiopia, while the commercial farm system showed 

lower rates of 13.3%. Furthermore, these results correspond with Haesendonck et al. (2014) in 

Belgium, where a 30 % prevalence of the disease was noted. This result conforms to the global 

trends, according to which the pathogen prevalence rate is always higher for extensive or 

smallholder production systems than for intensive commercial farming operations Gentile et 

al., 2024). 

In this study, the protective effect of farm-level biosecurity practices against Infectious 

Laryngotracheitis virus was significant. The ILT prevalence was 8.3 % (20/241) on farms with 

routine farm cloth protocols compared to 32.2 % (46/143) on farms without these biosecurity 

measures. Additionally, adopting specific footwear for farm workers on the farm was shown 

to be another important operational practice for ILT prevention.  Its adoption resulted in an 

incidence of 7.3% (21/288), but when this practice was completely absent, the incidence 

increased to 46.9% (45/96. The result obtained above is aligned with the previous risk factor 

assessments conducted on ILTV among livestock, where the researcher found that the absence 

of protective shoes and clothing significantly increases the chance of a positive ILT antibody 

test (Birhan et al., 2022; Gowthaman et al., 2020). This result is high in farm uses of farm 

clothing and shoes because the virus can enter through binding to the cloth and shoes. 

In this study, the identification of IBV using molecular techniques showed that 41.7% were 

positive for IBV using the RT-PCR technique. Since there was no vaccination against the IBV 

in this particular case, it indicated that the infection was acquired via field contact. This result 

is aligned with results documented by Seger et al. (2016) in Iraq (40.62%) and Ayim-Akonor 

et al. (2018) in Ghana (40%). However, higher reports of molecular detection were reported, 

such as 100% by Al-Jallad et al. (2020) in Syria and 80% by Demeke et al. (2023) in Ethiopia. 

The molecularly positive results, which were lower than those of the current study, were 

published by (Gompo et al., 2019) 1% in Nepal, by Hutton, et al. (2017) 6% and by Tegegne 

et al. (2020) 6% in Ethiopia, by Domanska-Blicharz et al. (2020) 11.5% in Poland, 11.54 % 
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by Mihret et al. (2023),12.24% by Berhanu et al.(2025) in Ethiopia, 31.6% by Alsultan et al., 

(2019) in Al-Hasa, 33.3 % by Hirphaye et al.(2024) and 39% by Tekelemariam et al.(2022) in 

Ethiopia.  The variation of 41.7% in the current study may be due to the varying levels of 

implementation of biosecurity measures in the various farms. 

The molecular analysis identified that 4 out of 12 swab samples (33.3%) were positive for 

ILTV. The presence of this specific 747 bp DNA fragment gives strong molecular proof for 

the circulation of GaHV-1 in the target chicken species. The conventional PCR method is one 

of the basic principles in diagnosing viruses in chickens, where targeting conserved regions of 

the virus genome ensures high analytical specificity of the test (Aydın et al., 2025). 

The detection rate of 33.3 % obtained in this study adds to the growing evidence that ILTV is 

an active player in the complex of respiratory disease of Ethiopian poultry. In Ethiopia, the 

current study is comparable to, but slightly higher than, other recently published studies 

conducted using molecular analysis, emphasizing an increasing disease burden. Abebe et al. 

(2024) detected ILTV DNA in 4 of 15 samples (26.7%) by PCR amplification of a 688 bp 

region of the ICP gene in the Oromia Regional State of southeastern Ethiopia. Adam (2025) 

reported a positive rate of 14.8 % (4 out of 27) of oropharyngeal swab samples from the Central 

Gondar Zone targeting the same 688 bp region of the ICP4 gene. Tekelemariam et al. (2022) 

have reported that the molecular positivity rates of ILTV were found to be low, at 11%, among 

symptomatic chickens sampled from the live chicken markets of Addis Ababa, Ethiopia. 

Globally, the results of this research correspond to those found endemically in the other 

countries that have emerging or developing poultry industries. For comparison, according to 

Ardiçli et al. (2022), the prevalence of the infection in Turkey was found to be 11.83 % based 

on a PCR test for the presence of 747 bp of the ICP4 gene. In another study conducted by Saasa 

et al. (2026) in Zambia, the pathogen was identified in 2 % (1 of 50) apparently healthy 

chickens. The high rates of positivity observed in this study (33.3%) compared to other studies 

above might be associated with differences in biosecurity measures, flock density, and the 

selection criteria of diseased birds used.  
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The two samples that were positive for IBV by molecular detection were used to carry out the 

virus isolation. The isolation was performed by using five Specific Pathogen Free (SPF) 

embryonated chicken eggs per sample, and embryos were observed daily for seven days after 

inoculation via the allantoic route. Mortality occurring within the first 24 hours after 

inoculation, due to mechanical injury, was discarded to prevent false positive mortality 

(Hirbaye et al., 2024). However, in this study, there was some degree of discordant results seen 

in a portion of the samples tested, with two positive molecular tests becoming negative after 

the second isolation process. Mismatch sensitivity has been widely reported in avian diagnostic 

virology and could be influenced by several main causes. 

First, considering the instability of the virion form of the IBV, any changes in the environment 

or transport/storage conditions of the sample could lead to the degradation of the infectivity of 

the virus while the nucleic acid is preserved and remains detectable by the molecular test (De 

Wit, 2000). According to Compton (2020), PCR tests specifically detect fragments of nucleic 

acids and not live pathogens. In case in point, the first positive test conducted in the laboratory 

indicated the presence of fragments of the genome that do not necessarily have the biological 

activity necessary to infect host cells. Such discrepancies are common practice in field 

surveillance; Jones et al. (2011) described a case when out of 176 samples containing 

fragments of the IBV’s genome detected by PCR analysis using the 3' UTR method, only three 

samples were positive in relation to the isolated live virus. Secondly, there can be samples 

containing very low concentrations of the virus, which can be detected by the high analytical 

sensitivity of the molecular assay, while they will lack sufficient biological activity necessary 

for egg inoculation (Meir et al., 2010).  

Their inoculation in SPF embryonated eggs gave rise to characteristic lesions. In particular, the 

stunting, curling, and feather dystrophy were observed, which corroborate the results obtained 

by Ul Hayat et al. (2018), Berhanu et al. (2025), and Mihret et al. (2023). The explanation for 

the occurrence of such lesions following the isolation process, but then followed by a negative 

PCR finding through egg passage, might be attributed to viral interference. Given the presence 

of the other viruses in addition to IBV, competition among the viruses occurs for the utilization 

of common receptors. As the co-infecting virus grows faster, it interferes with the binding and 



43 

 

replication of IBV. Thus, in such a case, the co-infecting virus outcompetes IBV in the host 

cells, resulting in the death of the embryos and hence the characteristic lesion development, 

while at the same time IBV gets reduced in quantity below the threshold detectable by PCR 

(Aouini et al., 2018). As such, the lesions observed could have been caused by other secondary 

infections present in the primary sample used, rather than IBV infection (Villarreal, 2010). 

Successful isolation into primary CEF cells has been achieved in three independent pooled 

field samples that test positive for ILTV. The morphologic features seen in inoculated CEF 

monolayers, which include the progressive disappearance of their typical fibroblast-like 

elongation, significant cell rounding, the appearance of dense, dark, and irregular granular 

aggregates, and finally, cell detachment from the flask surface, are very much similar to the 

cytopathic features known for alphaherpesvirus infection. Its align with the cell culture 

findings presented by Portz et al. (2018), showing the permissive nature of primary CEF 

culture for ILT infection, resulting in significant cell rounding and subsequent cell death within 

24-96 hours after inoculation. 

Additionally, this observation is also well-supported by Magouz (2018), whose research was 

successful in using primary monolayer cultures of chicken embryo fibroblast (CEF) for 

isolating wild-type Gallid herpesvirus 1 respiratory pools, observing characteristic cytopathic 

changes in the period of 3-5 days following inoculation. It can be stated that the choice of this 

cell culture in the current study is very relevant in avian virology. According to Hughes & 

Jones (1988), primary cells isolated from chickens’ kidneys or livers are characterized by a 

faster manifestation of cytopathic effects compared to fibroblasts at early passages. Still, the 

current research proves that primary CEF cells provide a very suitable system for visualizing 

the effect of viral infection. Nevertheless, in view of limited resources at hand, molecular 

confirmation of ILTV isolates could not be conducted repeatedly after isolation. 
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Limitations of the study: The results derived from this study provide important information, 

but there are some limitations associated with it. The purposive sampling technique used in the 

study ensured that the selected areas had minimal studies conducted in the past and emphasized 

chickens that exhibited clinical symptoms; although the method helped establish the virus’s 

existence, even though this is an appropriate technique, it still created bias in the sampling and 

thus hindered its generalization to the asymptomatic chicken populations. There has also been 

limited availability of funds, which did not permit a sufficient molecular sample size; these 

resource limitations made downstream testing impossible, preventing genetic sequencing and 

the identification of a specific strain.  This study did not address many backyard poultry 

production systems in the study areas due to time constraints. 
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6. CONCLUSION AND RECOMMENDATIONS 

This study provides updated evidence of the exposure and current circulation of both the 

infectious bronchitis virus (IBV) and infectious Laryngotracheitis virus (ILTV) at the study 

sites. Testing performed by ELISA revealed extremely high levels of the IBV infection almost 

ubiquitously (99.74%) in comparison to a lower percentage of ILTV that was geographically 

varied (17.19%) until reaching a significantly higher level in May city (OR = 177.82, p = 

0.000). In the risk factor analysis, the production system in the backyard was highly vulnerable 

to ILTV (OR = 3.29, p = 0.000), while wearing farm clothing (OR = 0.191, p = 0.000) and 

shoes (OR = 0.089, p = 0.000) provided significant protection against infection. Additionally, 

molecular tests performed on the samples obtained from the field Maya City showed that there 

was circulation of IBV (41.7%) and the ILTV (33.3%). Virus culture was conducted through 

the use of embryonated chicken eggs and chicken embryo fibroblast cell culture for IBV and 

ILT, respectively. Generally, the seroprevalence findings in multiple locations contribute to 

setting a baseline in the study area, yet the restriction of molecular testing and virus isolations 

to one geographical area serves to underline the urgent necessity of increasing sample numbers 

to conduct nationwide molecular characterization. Following the above-mentioned 

conclusions, the following recommendations can be made: 

 To determine the real prevalence of the virus, it is recommended to expand surveillance 

to include asymptomatic chickens by random sampling of symptomatic and 

asymptomatic populations. 

 Future research could benefit greatly from focusing on backyard systems, where risk 

and prevalence of ILT is substantially higher. 

 In the future, it is necessary to emphasize the sequencing of viral genes to determine 

the exact strains in the country. 

 Effective control of viruses requires the development of strain-specific vaccines that 

are closely matched to local field variants. 
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8. APPENDICES 

Appendix 1: Clinical signs of Infectious Laryngotracheitis (ILTV) and IBV in chicken, 

exhibiting gasping and respiratory distress.    
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Appendix 2: a) Blood collection from the wing vein of a chicken and b) Oropharyngeal swab 

sample collection from a chicken. 

 

Appendix 3: Protocol of indirect ELISA for IBV 

1. 245 µL of dilution buffer 14 to all wells except the control wells A1, B1, C1, and D1. 

2.  In a pre-dilution plate set aside wells A1, B1, C1 and D1 for the controls and add;  

5 µL of each sample to be tested. 

3. In the ELISA micro plate, add: 

100 µL of the negative control to wells A1 and B1  

100 µL of the positive control to wells C1 and D1  

90 µL of dilution buffer 14 to as many wells as there are samples to be tested (not to control 

wells A1, B1, C1, and D1). 

10 µL of the pre-diluted sample as prepared above. 

4. Cover the plate and incubate 30min ± 3 at 21ϲ° (5 °C). 

5. Prepare the conjugate 1x by diluting the concentrated conjugate 10x to 1:10 in dilution buffer 3. 
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6. Empty the wells. Wash each well 3 times with at least 300 µL of the wash solution 1X. Avoid 

drying of the wells between washes. 

7. Add 100ul of the conjugate 1X to each well. 

8. Cover the plate and incubate 30min ± 3min at 21c° (5°C). 

9. Empty the wells. Wash each well 3 times with at least 300 µL of the wash solution 1X. Avoid 

drying of the wells between washes. 

10. Add 100 µL of the substrate solution to each well. 

11. Cover the plate and incubate 15min ± 2min at 21c° (5°C) in the dark. 

12. Add 100 µL of the stop solution to each well in the same order as in step no. 10 to stop the 

reaction. 

13. Read and record the O.D. at 450nm. 
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Appendix 4: laboratory work during serological analysis:- 

a) Plated samples into the well microplate , b) Introduction of reagents into the wells of the 

ELISA microplate; c) Formation of yellow color up on addition of the stop solution; d) 

Formation of blue color upon addition of substrate solution; e) Measurement and recording of 

optical density results using automated ELISA plate reader. 

 

Appendix 5: Virus RNA extraction procedure 

1. Pipet 560 μl prepared Buffer AVL containing Carrier RNA in a 1.5 ml micro centrifuge 

tube. 

2. Add a 140 μl sample to the buffer AVL carrier RNA in the microcentrifuge tube. Mix by 

pulse-vortexing for 15 seconds. 

3. Incubate at room temperature for 10 minutes  

4. Briefly centrifuge the tube to remove drops from the inside of the lid  
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5. Add 560-μl ethanol (96-100%) to the sample and mix by pulse vortexing for 15 seconds. 

After mixing, briefly centrifuge the tube to remove drops from inside the lid. 

6. Carefully apply 630 μl of the solution from step 5 to the QIAamp Mini column (in a 2ml 

collection tube) without wetting the rim. Close the cap and centrifuge at 8000 rpm for one 

minute. Place the QIAamp Mini column into a clean 2 mL collection tube, and discard the tube 

containing the filtrate  

7. Carefully open the QIAamp Mini column, and repeat step 6  

8. Carefully open the QIAamp Mini column, and add 500 μl Buffer AW1. Close the cap, and 

centrifuge at 8000rpm for one minute. Place the QIAamp Mini column in a clean 2 mL 

collection tube, and discard the tube containing the filtrate  

9. Carefully open the QIAamp Mini column and add 500 μl Buffer AW2. Close the cap and 

centrifuge at full speed (14000rpm) for 3 minutes. 

10. Place the QIAamp Mini column in a new 2 mL collection tube, and discard the old 

collection tube with the filtrate. Centrifuge at full speed for one minute. 

11. Place the QIAamp Mini column in a clean 1.5 mL microcentrifuge tube. Discard the old 

collection tube containing the filtrate. Carefully open the QIAamp Mini column and add 60 μl 

Buffer AVE equilibrated to room temperature. Close the cap, and incubate at room temperature 

for one minute  

12. Centrifuge at 8000 rpm for 1 minute to elute the viral RNA from the QIAamp Mini column  

13. Then the viral RNA is stored at -80°C until PCR.  
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Appendix 6: Laboratory work during isolation of virus:- 

a) Incubation of the eggs, b) Embryo candling, c) inoculation of virus in to eggs, d) sealing of 

the eggs that have been inoculated with the viruses, and e) Allanntoic fluid harvest, and f) 

observation of embryo after virus inoculated.  

 

 

Appendix 7: Primary cell culture preparation. 

1. By using sterile technique, the embryo was removed using forceps  

2. The extremities of the embryo and the visceral organs were removed  

3. Washed by PBS containing antibiotics  

4. The tissue fragment was transferred to a glass flask containing a magnetic stirrer bar  

5. Then add 50ml pre-warmed working trypsin solution to it and put on a stir plate at low speed 

in a 37°C incubator for 10 minutes  

6. Then the supernatant was poured into a beaker containing calf serum with sterile gauze and 

centrifuged at 1000 rpm for 10 minutes  

7. By discarding the supernatant, then 10% minimum essential media (MEM) was added. 
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8. Pour on tissue flask and incubate at 37°C until the cells are confluent.  

Appendix 8: Laboratory  works during the embryo cell culture preparation:- 

5a Harvesting the embryo from an embryonated egg, 5b Trypsin treatment to dissociate cells, 

5c Filtrating to obtain cell suspension, 5d Centrifugation of the cell suspension, 5e Inoculated 

cell culture flasks, 5f Observation for cytopathic effects (CPE). 

 

 

 

Appendix 9: Ethical clearance 
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