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Abstract

Infectious Laryngotracheitis (ILT) is a respiratory disease of chickens caused by Infectious
Laryngotracheitis Virus (ILTV) characterized by mild to severe respiratory disease, poor growth
rates, and variable mortality. Although the disease has been suspected and several commercial
vaccines are being used for its prevention in commercial enterprises, evidence of the presence of the
virus has remained speculative. We set out to investigate the presence of the disease in backyard
chickens. Throat and cloacal swabs were collected from 50 free-range unvaccinated backyard
chickens purchased from local markets in Lusaka and Chongwe districts. Nucleic acid extraction was
followed by PCR using ILTV ICP4 gene-specific primers. The ILTV gene was detected in a single
apparently healthy chicken, representing 2% (1/50). Additional primers targeting the entire ICP4 gene
including the flanking UTRs were designed. Sequence comparisons and phylogenetic analysis of the
complete ICP4 coding region revealed the presence of ILTV genotype VII/IX CEO cluster. This work
represents the first molecular detection and characterization of ILTV in non-vaccinated free-range
backyard chickens in Zambia. In conclusion, this study confirms the presence of ILTV in Zambia.
Determination of the ILT burden in chickens would facilitate informed decision-making regarding
vaccination of chicken strategies and ILT disease prevention.

Keywords: infectious Laryngotracheitis virus; ICP4; chicken-embryo origin; Lusaka; backyard
chickens; genotype VII/IX; tissue culture origin
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1. Introduction

Infectious laryngotracheitis (ILT) is one of the important highly contagious and acute respiratory
diseases of chickens, pheasants, peafowl, and turkeys caused by Gallid herpesvirus 1 (GaHV1),
commonly known as infectious laryngotracheitis virus (ILTV) [1,2]. The virus belongs to the family
Herpesviridae, subfamily Alphaherpesvirinae, genus Iltovirus, and has a linear, double-stranded DNA
genome [3]. Outbreaks of the disease cause variable effects ranging from mild to severe diseases
characterized by respiratory signs such as lacrimation, nasal discharge, conjunctivitis, respiratory
distress, dyspnea, bloody mucus secretion, and coughing, poor growth rates, mortality, and
decreased egg production [4].

Geographically, ILT has been reported in many countries, with limited reports in African
countries where it has been described in Libya [5], Egypt [6], and Namibia [7]. However, ILT has only
been suspected in Zambia without laboratory confirmation of the virus in chickens. The disease may
be misdiagnosed with other poultry diseases that cause similar clinical signs and lesions, such as
infectious bronchitis, Newcastle disease, avian influenza, infectious coryza, and mycoplasmas [3].

There are currently several commercially available live-attenuated vaccines used to prevent and
control ILT. The two main categories are derived from serial passages in chicken embryos (CEO;
chicken embryo origin) or in cell culture (TCO; tissue culture origin). These vaccines are commonly
used in commercial layers, layer breeders, and broiler breeders [8]. Although the live vaccines have
been widely used, there is evidence of reactivation of latent strains [9]. One of the vaccines available
is the lyophilized live vaccine VAXXON® ILT (IZO VAXXINOVA, Italy). This vaccine is regularly
used in broilers and layers. However, vaccination of free-range backyard chickens is not commonly
practiced in Zambia.

The ILTV ORF encoding ICP4 is about 4386 nucleotides long [10]. The ILTV ORF encoding ICP4
is commonly used in the characterization of ILT isolates [11]. In addition, PCR-RFLP and DNA
sequencing methods have been successfully used to characterize ILTV isolates, with sequencing
being commonly used for finer differentiation of isolates [12,13]. This work, therefore, describes for
the first time, the detection, amplification, and sequencing of the ICP4 gene for characterization of
field isolates of ILTV in free-range backyard breeds of chickens in Lusaka and Chongwe districts,
Zambia.

2. Materials and Methods

2.1. Study Design

This cross-sectional study was conducted in backyard chicken markets in Lusaka and Chongwe
districts, Zambia, from October to November 2024. Fifty (50), apparently healthy adult free-range
backyard breeds of chickens were purchased from 4 different roadside poultry markets around
Lusaka townships (Chainama, Mtendere, Ibex Hill) and Chongwe (Silverest) districts. The chickens
had no known history of vaccination.

2.2. Sample Collection

The live chickens were purchased and transported to the Virology laboratory of the School of
Veterinary Medicine, University of Zambia. Tracheal swabs were collected from the upper
respiratory tract and eluted in 250 uL sterile normal saline.

2.3. Nucleic Acid Extraction and ILT ICP4 Gene Detection

About 200 uL of sample suspension was used for DNA extraction using the Qiagen DNA kit
(QIAGEN, Germantown, MD, USA) according to the manufacturer’s instructions. DNA was eluted
in 60pL of the elution buffer, and split into 20uL aliquots for storage at -80°C until use.

To detect the presence of ILTV ICP4 gene, the initial PCR reaction was performed using the Q5®
Hot Start High-Fidelity DNA Polymerase (New England Laboratories) or Quick Taq HS Dye Mix
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(Toyobo, Osaka, Japan) following the manufacturer's instructions. The primers for the detection of
ILTV were ILT-Fw 5-CCTCGACGCCGAGTAATTT-3' and ILT-Rv 5'-
GAGCGAGTCGATGACCGTAT-3, yielding a 435bp amplification product [14]. The PCR conditions
were 98°C for 2 min, 98°C for 10 sec, 56°C for 20 sec, 72°C for 45 sec with reaction cycles of 35 and
final extension at 72°C for 5 min. The PCR products were observed on a 1% agarose gel stained with
ethidium bromide. In order to minimise contamination, a commercially available live attenuated
ILTV VAXXONCILT (IZO VAXXINOVA, Italy) was subsequently acquired and processed.

2.4. ICP4 Gene Sequencing

The PCR product was Sanger sequenced and subjected to BLAST searches in the NCBI database.
After confirmation of the ILT gene by PCR and sequencing, additional primers targeting overlapping
fragments of the entire coding region of the ICP4 gene were prepared and used in the subsequent
PCR reactions (Table 1)

Table 1. Primers used in the amplification of the entire ICP4 gene of ILTV.

No. Segment Primer 5'-3' Size(bp)

1 ICP4_UTR226Fw GGTTGCGGAGCTTTATTGTG

2 A ICP4_856Rv CATCGGGACATTCTCCAGGTAGCA 1083
3 ICP4_241Fw TCTGTCATCGCTGAGAATGC

4 ? ICP4_1237Rv CCATGAACTCCTCCACAAGG 7
5 ICP4_1163Fw AATCAGCTTCCGTGTATCTC

6 ¢ ICP4_1921Rv CATCATCGGTAGATGGCAGC 77
7 ICP4_1746Fw TATAGACTGCCCACCAGTTA

8 P ICP4_2385Rv TCTTTTCAGACCTTTACGGG 040
9 1CP4_2304Fw GCCATTATCTGTGTCACCGT

10 k ICP4_2917Rv TCACGGGTGAAATCCTCTTG o
11 1CP4_2788Fw AACTATTTGCGCGGGTTGAG

12 f ICP4_3566Rv CTGAGAGTTACGTGAGTGAG 7
13 1CP4_3202Fw GCGGTAGAATGGATGCTTGA

14 ¢ ICP4_4179Rv ACCAAGTAGCAATGCGAGAG 78
15 ICP4_3815Fw ACGAGAAAGAAGATCGTGA

16 H ICP4_4605Rv GCAAAGCTAAAGTCAACGGG 7
17 ICP4_4302Fw AAGGCTATCCGTCTCCTCAG

18 ! ICP4_UTR5071Rv TCGCGCATTCTGTACTTTGA 770

The PCR products were gel-purified using the Promega PCR Product and Gel Purification Kit
(Promega, Madison, WI, USA). Each product was sequenced in the forward and reverse directions
with respective primers using the BigDye Terminator v3.1 Cycle Sequencing kit (Applied Biosystems,
Foster City, California, USA). The nucleotide sequences were analysed using Genetyx Version 12.0
(GENETYX Corporation, Tokyo, Japan) and confirmed with BLAST search. The sequence was
deposited in GenBank and assigned accession number PV433262.

2.5. Phylogenetic Analysis

The evolutionary tree based on the full-length ICP4 gene (4,449bp) was constructed on MEGA
X software using the neighbor-joining method with sequences from Australia, Canada, Chile, China,
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Italy, Peru, Russia, South Korea and USA. The data were subjected to bootstrap analysis with 1000
replicates to determine the reliability values at each internal node.

3. Results

3.1. Detection and Sequencing of ILT ICP4 Gene

The ILTV was successfully amplified (Table 1, Figure 1) in 1/50 free-range backyard breeds of
chickens (ILT_ZAM_08_2024). Subsequently, the entire ORF of ICP4 (4,449bp) was successfully
amplified and sequenced. The commercial VAXXON® ILT vaccine was similarly processed. The
sequence was deposited in GenBank with accession number PV433262.

M A B C D E F GH I M

Figure 1. PCR detection of ICP4-gene of ILTV using ICP4 primers (Table 1). Lane M (1kb ladder) Lane A, Lane
B, Lane C, Lane D, Lane E, Lane F, Lane G, Lane H, Lane I, Lane M.

3.2. Phylogenetic Analysis of the ICP4 Gene

Phylogenetic analysis based on the ILTV ICP4 gene with other sequences produced several
genotype clusters, namely, IV, VI-4, VI-5, I/IIl and VII/IX genotypes. The Zambian ICP4 sequence
(PV433262) was grouped in genotype VII/IX . In addition, the commercial vaccine sequence of
Vaxxon® vaccine appeared to cluster with genotype IV TCO clade (Figure 2). A comparison of the
nucleotide of the ICP4 gene with the sequence of accession number: NC075683.1 SA2 of genotype
VII/IX showed similar nucleotide polymorphism [15]. The ILTV genotype was closer to the TCO
genotype (I/II) than the CEO genotype (IV) suggesting different origins of the virus.
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Figure 2. The evolutionary history of ILTV ICP4 gene sequences inferred using the Neighbor-Joining method
[16]. The phylogenetic tree is drawn to scale, with branch lengths in the same units as those of the evolutionary
distances used to infer the phylogenetic tree. The evolutionary distances were computed using the Maximum
Composite Likelihood method [17] and are in the units of the number of base substitutions per site. This analysis
involved 54 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All ambiguous
positions were removed for each sequence pair (pairwise deletion option). A total of 4483 positions in the final
dataset were used. Evolutionary analyses were conducted in MEGA X [18]. The two ILTV sequences obtained
in the study (Zambia PV433262 and the Vaxxon® Vaccine) are shown (****) in clade VII/IX and IV, respectively.
[*CEO; chicken-embryo origin, (TCO; tissue culture origin].

4. Discussion

Infectious laryngotracheitis is an important respiratory disease of poultry with serious economic
losses worldwide. The ILTV has not yet been reported in Zambia. This is the first report of molecular
detection and characterization of ILTV in apparently healthy free-range backyard chickens. There is
currently no scientific data on ILTV surveillance in poultry farms available in the country. Despite
this lack of confirmation of the virus circulating, commercial vaccines are available and are regularly
administered in medium and commercial flocks. In Zambia, ILT is occasionally suspected during
incidences of unexplained respiratory diseases in poultry. Until now, the presence or extent of ILT
distribution in Zambia is unknown. The detection of ILTV in this study is strengthened by the lack
of vaccination of the chickens before sampling. In addition, the ILTV had not been previously
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detected nor manipulated in the laboratory before. The vaccine control from the vaccine virus was
only processed subsequent to the detection and sequencing of the chicken samples.

The virus detected in the present study shares a high nucleotide similarity with strains from
other regions. While clustering in a clade VII/IX, the virus was genetically distant from the
VAXXON® vaccine strain. Since these birds had no known history of vaccination against ILT, the
extent of virulence of the virus could not be established. Whether the genetic difference with the
vaccine has implications for the protective efficacy of the vaccine cannot be deduced. It was however
evident from the genetic difference that the strain in the chickens was not TCO vaccine-derived, as
the virus was CEO derived. Therefore, there is a need for more investigation to facilitate appropriate
selection as vaccines can cause disease in vaccinated flocks [19].

Beyond Zambia, ILT has been confirmed in Namibia and Egypt [7,20]. The prevention of ILT
focuses on the administration of attenuated live-virus of chicken embryo origin and/or tissue culture
vaccine strains [21]. Although generally safe, these vaccines have also been associated with outbreaks
in vaccinated flocks through reversion to virulence [7,22]. During outbreaks, the virus is known to
persist for a considerable period of time in the environment thus, facilitating spread even when
biosecurity measures are in place [7]. Although useful in mitigating the effects of the disease,
vaccination strategy alone is not effective at eliminating the virus. In the present study, there was no
evidence of vaccination of the chickens. The full spectrum of commercially available vaccines was
not available. CEO-based vaccines may also available on the Zambian market.

Infectious Laryngotracheitis causes severe disease and mortality in commercial birds [4,7].
However, the disease situation in backyard chickens remains unknown and scanty, with a few
reported cases in some countries [23]. The birds in this study were apparently healthy, with no
available history of vaccination against ILT. Vaccination of backyard chickens is not a common
practice and is rarely administered. The absence of clinical disease in the backyard chickens could
suggest a mild strain of the virus or low susceptibility of these chickens to ILT, possibly influenced
by their genetic makeup as previously observed [24].

Infectious Laryngotracheitis has been suspected in both commercial broiler and layer flocks,
evidenced by the use of commercial vaccines [7]. More data on the epidemiology of the ILT is required
in order to establish the direction of the disease transmission between commercial and backyard
flocks [25]. The importance of molecular characterization of ILT and the roles of live vaccines in
precipitating ILT outbreaks should also be considered in order to establish the origins and direction
of infection [26].

5. Conclusion

The present study reveals the presence of ILTV genotype VII/IX in asymptomatic backyard
chickens. The detection of ILTV in backyard chicken form a foundation for a broader understanding
of the disease epidemiology. The molecular investigation is important to understand the origin,
molecular and biological characteristics of ILTV in Zambia as more vaccines are introduced in the
poultry sector.

Author Contributions: For research articles with several authors, a short paragraph specifying their individual
contributions must be provided. The following statements should be used “Conceptualization, N.S., R. M.,
AN.M,, OJ.and ].S.; methodology, O.]J., C.C., and A.N.M,; software, N.S.; validation, N.S., R M. and ].S.; formal
analysis, KM, N.S, AN.M,; investigation, N.S., O.], RM.; resources, ].S.,, KM., H.S,, and A.T., ; data curation,
N.S.].S. and K.M.,.; writing —original draft preparation, N.S., O.]., and R.M.,; writing—review and editing, N.S.,
OJ.,RM,]S AT KM, HS., ANM, and C.C; visualization, N.S., and K.M.; supervision, N.S., R M. ].S.; project
administration, N.S.; funding acquisition, J.S,. KM., A.T., H.S. All authors have read and agreed to the published

version of the manuscript.

Funding; This study was supported by the Japan Agency for Medical Research and Development (AMED) under
grant number JP20wm0125008.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.2277.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 March 2026 d0i:10.20944/preprints202603.2277.v1

7 of 8

Institutional Review Board Statement: The animal study protocol was approved by University of Zambia
Health Sciences Research Ethics Committee of The University of Zambia (protocol code 2023270273 and 20t
October, 2024).

Informed Consent Statement: Not applicable.

Data Availability Statement: The sequence generated in this study was deposited in GenBank, under accession
number PV433262. The sequence generated in this study was deposited in GenBank under accession number
PV433262.

Acknowledgments: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Gowthaman V, Kumar S, Koul M, Dave U, Murthy TRGK, Munuswamy P, et al. Infectious
laryngotracheitis: Etiology, epidemiology, pathobiology, and advances in diagnosis and control-a
comprehensive review. Veterinary Quarterly 2020;40. https://doi.org/10.1080/01652176.2020.1759845.

2. Davison AJ, Eberle R, Ehlers B, Hayward GS, McGeoch D], Minson AC, et al. The order Herpesvirales.
Arch Virol 2009;154. https://doi.org/10.1007/s00705-008-0278-4.

3. LiuH,PanS, Wang C, Yang W, Wei X, He Y, et al. Review of respiratory syndromes in poultry: pathogens,
prevention, and control measures. Vet Res 2025;56. https://doi.org/10.1186/s13567-025-01506-y.

4. Priya RJ], Rao GVS, Pazhanivel N, Vijayarani K, Reetha TL, Gowthaman V, et al. Pathological Diagnosis
and Genomic Characterization of ICP4 Gene of Infectious Laryngotracheitis Virus (ILTV) Isolates in
Clinically Infected Chicken in Tamil Nadu, India. Indian ] Anim Res 2023;57.
https://doi.org/10.18805/I]JAR.B-4802.

5. Kammon A. Isolation, Serological and Molecular Detection of Infectious Laryngotracheitis Virus (ILTV) in
Chickens in Libya. Approaches in Poultry, Dairy & Veterinary Sciences 2020;7.
https://doi.org/10.31031/apdv.2020.07.000666.

6.  BayoumiM, El-Saied M, Amer H, Bastami M, Sakr EE, EI-Mahdy M. Molecular characterization and genetic
diversity of the infectious laryngotracheitis virus strains circulating in Egypt during the outbreaks of 2018
and 2019. Arch Virol 2020;165. https://doi.org/10.1007/s00705-019-04522-4.

7. Molini U, Aikukutu G, Khaiseb S, Kahler B, Van der Westhuizen ], Cattoli G, et al. Investigation of
infectious laryngotracheitis outbreaks in Namibia in 2018. Trop Anim Health Prod 2019;51.
https://doi.org/10.1007/s11250-019-01918-x.

8. Oldoni I, Garcia M. Characterization of infectious laryngotracheitis virus isolates from the US by
polymerase chain reaction and restriction fragment length polymorphism of multiple genome regions.
Avian Pathology 2007;36. https://doi.org/10.1080/03079450701216654.

9.  Kotiw M, Wilks CR, May JT. The effect of serial in vivo passage on the expression of virulence and DNA
stability of an infectious laryngotracheitis virus strain of low virulence. Vet Microbiol 1995;45.
https://doi.org/10.1016/0378-1135(94)00115-D.

10. Johnson MA, Tyack SG, Prideaux C, Kongsuwan K, Sheppard M. Nucleotide sequence of infectious
laryngotracheitis virus (gallid herpesvirus 1) ICP4 gene. Virus Res 1995;35. https://doi.org/10.1016/0168-
1702(94)00096-U.

11. Chang PC, Lee YL, Shien JH, Shieh HK. Rapid differentiation of vaccine strains and field isolates of
infectious laryngotracheitis virus by restriction fragment length polymorphism of PCR products. J Virol
Methods 1997;66. https://doi.org/10.1016/50166-0934(97)00050-5.

12.  Ojkic D, Swinton J, Vallieres M, Martin E, Shapiro J, Sanei B, et al. Characterization of field isolates of
infectious laryngotracheitis virus from Ontario. Avian Pathology 2006;35.
https://doi.org/10.1080/03079450600815481.

13. Han MG, Kim §J. Analysis of Korean strains of infectious laryngotracheitis virus by nucleotide sequences
and restriction fragment length polymorphism. Vet Microbiol 2001;83. https://doi.org/10.1016/S0378-
1135(01)00423-0.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.2277.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 March 2026 d0i:10.20944/preprints202603.2277.v1

8 of 8

14. Wanasawaeng W, Chansiripornchai N. Molecular classification of infectious laryngotracheitis virus from
chick embryo origin vaccine, tissue culture origin vaccine and field isolates. Thai Journal of Veterinary
Medicine 2010;40. https://doi.org/10.56808/2985-1130.2256.

15. Chacon JL, Chacon RD, Hagemann HL, Astolfi-Ferreira CS, Nunes C, Sesti L, et al. Molecular
Characterization of the Infectious Laryngotracheitis Virus (ILTV) Involved in Poultry Outbreaks Reveals
the Virus Origin and Estimated Spreading Route. Viruses 2025;17. https://doi.org/10.3390/v17020213.

16. Saitou N, Nei M. The neighbor-joining method: a new method for reconstructing phylogenetic trees. Mol
Biol Evol 1987;4. https://doi.org/10.1093/oxfordjournals.molbev.a040454.

17.  Kumar S, Stecher G, Tamura K. MEGA?7: Molecular Evolutionary Genetics Analysis Version 7.0 for Bigger
Datasets. Mol Biol Evol 2016;33. https://doi.org/10.1093/MOLBEV/MSW054.

18. Kumar S, Stecher G, Li M, Knyaz C, Tamura K. MEGA X: Molecular evolutionary genetics analysis across
computing platforms. Mol Biol Evol 2018;35. https://doi.org/10.1093/molbev/msy096.

19. Kirkpatrick NC, Mahmoudian A, Colson CA, Devlin JM, Noormohammadi AH. Relationship between
mortality, clinical signs and tracheal pathology in infectious laryngotracheitis. Avian Pathology 2006;35.
https://doi.org/10.1080/03079450601028803.

20. Magouz A, Medhat S, Abou Asa S, Desouky A. Detection of infectious laryngotracheitis virus (Gallid
herpesvirus-1) from clinically infected chickens in Egypt by different diagnostic methods. Iran ] Vet Res

2018;19.
21. Spatz S], Garcia M, Riblet S, Ross TA, Volkening JD, Taylor TL, et al. MinION sequencing to genotype US
strains of infectious laryngotracheitis virus. Avian Pathology 2019;48.

https://doi.org/10.1080/03079457.2019.1579298.

22. Perez-Contreras A, Barboza-Solis C, Najimudeen SM, Checkley S, van der Meer F, Joseph T, et al.
Pathogenic and transmission potential of wildtype and chicken embryo origin (Ceo) vaccine revertant
infectious laryngotracheitis virus. Viruses 2021;13. https://doi.org/10.3390/v13040541.

23. Blakey J, Stoute S, Crossley B, Mete A. Retrospective analysis of infectious laryngotracheitis in backyard
chicken flocks in California, 2007-2017, and determination of strain origin by partial ICP4 sequencing.
Journal of Veterinary Diagnostic Investigation 2019;31. https://doi.org/10.1177/1040638719843574.

24. Poulsen DJ, Thureen DR, Keeler CL. Comparison of Disease Susceptibility and Resistance in Three Lines
of Chickens Experimentally Infected with Infectious Laryngotracheitis Virus. Poult Sci 1998;77.
https://doi.org/10.1093/ps/77.1.17.

25. KALIN R, TURAN T, ISIDAN H. Molecular detection and characterization of infectious laryngotracheitis
virus  in  backyard  chickens in  Turkey.  Kocatepe  Veterinary  Journal  2020.
https://doi.org/10.30607/kv}.777721.

26. Menendez KR, Garcia M, Spatz S, Tablante NL. Molecular epidemiology of infectious laryngotracheitis: a
review. Avian Pathology 2014;43. https://doi.org/10.1080/03079457.2014.886004.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.2277.v1
http://creativecommons.org/licenses/by/4.0/

