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ABSTRACT
Marek’s disease is a neuropathic and lymphoproliferative viral condition that primarily affects chickens and occasionally 
affects quail and turkeys. It is caused by the Marek’s disease virus (MDV), a member of the family Herpesviridae, 
subfamily Alphaherpesvirinae, genus Mardivirus, which comprises three distinct species: MDV-1, MDV-2, and 
MDV-3 (herpesvirus of turkeys). Marek’s disease remains a significant global challenge despite the availability of 
vaccines, with outbreaks still occurring in many poultry-producing regions due to the evolving virulence of the virus 
and incomplete protection. The current literature provides abundant information on the etiology, pathogenesis, and 
control of Marek’s Disease; however, an up-to-date, comprehensive synthesis that integrates recent molecular insights, 
epidemiological patterns, and advanced control strategies is lacking. This review addresses this gap by systematically 
compiling and analyzing recent studies published in peer-reviewed journals, selected through database searches in 
PubMed, Scopus, and Web of Science using predefined inclusion and exclusion criteria. Key findings highlight the 
complexity of MDV pathogenesis, virus persistence in the poultry environment, and limitations of existing vaccines 
in achieving sterile immunity. The review also underscores the importance of combining vaccination with genetic 
selection and strict biosecurity to mitigate economic losses. Understanding these interconnected factors is crucial for 
guiding future research and improving disease management strategies in the poultry industry.
Keywords: Marek’s disease Virus, biosecurity measures, Poultry health, Viral pathogenesis. 

Introduction
Marek’s disease is a neuropathic and lymphoproliferative 
condition that is frequently found in chickens and 
sporadically observed in quail and turkeys (Boodhoo 
et al., 2016). It is caused by the Marek’s disease 
virus (MDV), a member of the family Herpesviridae, 
subfamily Alphaherpesvirinae, genus Mardivirus 

(Žlabravec et al., 2024), comprising three distinct 
species: MDV-1 (Gallid alphaherpesvirus 2, serotype 
1), MDV-2 (Gallid alphaherpesvirus 3, serotype 2), and 
MDV-3 (Meleagrid alphaherpesvirus 1, herpesvirus of 
turkeys, serotype 3) (Abayli et al., 2021). MDV-1 is 
the most virulent and infects chickens, whereas MDV-2 
and MDV-3 are typically nonpathogenic and are used 
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as vaccine strains (Ravikumar et al., 2022). MDV is 
cell-associated, unable to survive outside host cells 
except in feather follicle epithelial cells, where it can 
remain unattached (Chakraborty et al., 2022).
The disease was first described in 1907 by Hungarian 
veterinarian József Marek, who identified it as 
polyneuritis causing paralysis in chickens (McPherson 
and Delany, 2016). With the advancement of virus 
isolation and analytical techniques in 1967, MDV was 
confirmed as the causative agent (Zhang et al., 2015). 
Before vaccination campaigns, Marek’s disease caused 
significant global economic losses—estimated at $150 
million annually in the United States alone (Kennedy et 
al., 2017). The World Organization for Animal Health 
(WOAH) recently added it to the list of animal diseases 
of concern (WOAH, 2023 ). 
Pathogenesis begins with respiratory tract epithelial 
cell infection, followed by viremia, enabling the 
virus to spread to lymphoid cells in multiple organs 
(Trapp-Fragnet et al., 2021). Clinical signs include 
peripheral nerve hypertrophy, visceral tumors, and 
asymmetric paralysis (Abreu et al., 2016). The 
diagnosis combines clinical observation, postmortem 
examination, and laboratory confirmation (Singh et 
al., 2012). Transmission occurs via airborne particles, 
contaminated dust, and indirect contact through 
equipment, clothing, or vehicles (Woźniakowski and 
Samorek-Salamonowicz, 2014). 
Marek’s disease has major economic consequences 
for poultry operations, including reduced meat quality, 
poor feed conversion, decreased egg production, 
and increased susceptibility to secondary infections 
(Kennedy et al., 2018). The disease increases mortality, 
morbidity, and overall flock health management costs 
(Mpenda et al., 2019).
The objective of this review is to provide a 
comprehensive, up-to-date synthesis of Marek’s 
Disease, including its etiology, molecular pathogenesis, 
epidemiology, diagnosis, control measures, and future 
research directions. The novelty lies in integrating 
recent advances in molecular biology, viral evolution, 
and vaccine efficacy data—particularly focusing on the 
emergence of very virulent plus (vv+) MDV strains 
and their implications for global poultry health. This 
review also bridges basic pathogenesis insights with 
applied disease control strategies, which is lacking in 
previous reviews.
Relevant literature was identified through systematic 
searches in PubMed, Scopus, and Web of Science 
databases using combinations of keywords such 
as “Marek’s disease,” “Marek’s disease virus,” 
“pathogenesis,” “vaccine,” “epidemiology,” and 
“control strategies.” The inclusion criteria were peer-
reviewed articles, reviews, and reports published 
in English between 2000 and 2025, focusing on 
avian species, particularly chickens. Reference lists 
of selected papers were also screened to identify 
additional relevant studies.

Etiology
According to the most recent classification by the 
International Committee on Taxonomy of Viruses, 
MDV, the causative agent of MDV, is classified 
as Gallid alphaherpesvirus 2, belonging to the 
genus Mardivirus, family Herpesviridae, subfamily 
Alphaherpesvirinae, and order Herpesvirales (Davison, 
2010). MDV possesses a large, double-stranded 
Deoxyribonucleic Acid (DNA) genome organized 
into a unique long (UL) region and a unique short 
(US) region, each flanked by terminal repeat (TR) and 
internal repeat (IR) sequences. The genome encodes 
more than 100 proteins involved in viral replication, 
latency, and pathogenesis. Infectious particles 
comprise a central icosahedral capsid enclosing the 
viral DNA, a proteinaceous tegument containing 
more than 15 proteins, and a lipid envelope embedded 
with approximately 10 glycoproteins that play critical 
roles in host cell attachment and entry (Rixon, 1993; 
Emad et al., 2024). Figure 1 illustrates the structural 
complexity of MDV, which schematically represents 
its key morphological components.
The genus Mardivirus comprises three recognized 
species: MDV-1 (Gallid herpesvirus 2, serotype 1), 
MDV-2 (Gallid herpesvirus 3, serotype 2), and MDV-3 
(Meleagrid herpesvirus 1, commonly known as Turkey 
herpesvirus or HVT, serotype 3). Although these 
species are serologically related, they differ markedly 
in virulence, host range, and vaccine application. MDV-
1 includes all virulent and oncogenic strains, ranging 
from mild (mMDV) to virulent (vMDV), highly 
virulent (vvMDV), and very virulent plus (vv+MDV) 
pathotypes, and is the primary causative agent of 
Marek’s disease in chickens (Ongor et al., 2022; Liu et 
al., 2023). MDV-2 consists of naturally occurring, non-
oncogenic strains that do not cause disease but are used 
in bivalent vaccines, often combined with HVT, to 
enhance protection (Bell et al., 2019). MDV-3 or HVT, 
a non-oncogenic virus naturally found in turkeys, is 
widely used as a heterologous vaccine against MDV-1 
and is known for its safety and effectiveness in poultry 
immunization (McPherson and Delany, 2016).
Over the past five decades, MDV-1 has shown a clear 
evolutionary trend toward increasing virulence, with 
shifts from mMDV to vMDV in the late 1950s, vMDV 
to vvMDV in the late 1970s, and vv+MDV emergence 
in the early 1990s (Davison and Nair, 2005). These 
changes have necessitated the continuous development 
of more potent vaccines to maintain effective disease 
control in poultry populations.
Virus life cycle
Calnek (2001) proposed a widely referenced model of 
the MDV life cycle, outlining the key phases of viral 
infection and transmission. This model describes the 
progression from initial infection to the development 
of an infectious virus in the epithelial cells of feather 
follicles. The four main interconnected stages of the 
MDV life cycle are as follows: (i) entry, (ii) replication, 
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(iii) latency, and (iv) dissemination. Inhalation of dust 
containing infectious virus particles is the first step in 
contracting MDV (Kennedy et al., 2017). Early viral 
replication has been observed in the lungs of B cells 
and macrophages of infected animals (Bertzbach et 
al., 2020). Phagocytic cells, including macrophages, 
transport the virus to the spleen, bursa of Fabricius, and 
regional lymphatic tissue, where it infects additional 
immune cells (Davison and Nair, 2005). Both in vitro 
studies and infections in chickens have demonstrated 
that macrophages and DCs facilitate MDV replication 
and cell-to-cell transmission (Chakraborty et al., 2017).
 MDV secretes a viral CXC chemokine that was 
formerly known as vIL-8 but was more recently 
renamed vCXCL13 due to its biological characteristics 
(Engel et al., 2012). These chemokines are crucial for 
the normal infection establishment pathway because 
they attract B cells and some CD4+ T cells (Hughes 
and Nibbs, 2018). It is only found between days 4 
and 10 post-infection, and the overall percentage of 
lytically infected cells in the primary lymphoid organs 
of infected hens is often rather low (1.2%) (Berthault 
et al., 2018). Virus replication occurs in multiple cell 
types during chicken infection, with B cells accounting 
for most infected cells (Bertzbach et al., 2020). Infected 
B cells are the cells most vulnerable to lytic replication 
and are easily identified in infected chickens (Schat, 
2022).
MDV produces a viral CXC chemokine, originally 
designated vIL-8 and more recently renamed vCXCL13 
based on its biological properties (Engel et al., 2012). 
This chemokine plays a pivotal role in the early stages 
of infection by recruiting B lymphocytes and subsets 
of CD4+ T cells to sites of viral activity (Hughes and 

Nibbs, 2018). vCXCL13 expression is transient, 
typically detectable only between 4 and 10 days post-
infection, during which the proportion of lytically 
infected cells in primary lymphoid organs rarely 
exceeds 1.2% (Berthault et al., 2018). Viral replication 
occurs in various cell types within the host, but B 
lymphocytes are the predominant and most susceptible 
population for lytic replication, making them readily 
identifiable in infected chickens (Bertzbach et al., 
2020; Schat, 2022).
Although B cells are important for early stages of 
MDV replication, recent studies indicate that they are 
not essential for subsequent tumor formation or later 
stages of pathogenesis (Yang et al., 2020). MDV can 
still efficiently replicate in CD4+ and CD8+ T cells 
in the absence of B cells (Bertzbach et al., 2018a). 
Emerging evidence suggests that the virus may 
replicate in other lymphocyte subsets, such as natural 
killer (NK) cells, which are part of the innate immune 
system and are known to produce IFN as an antiviral 
response (Bertzbach et al., 2019). However, the role 
of NK cells in MDV pathogenesis remains under 
investigation, and current data should be interpreted 
cautiously. Interferon production by NK cells and other 
immune cells inhibits MDV replication and reduces 
disease progression (Kamble et al., 2023). Primary 
chicken endothelial cells have also been identified 
as potential targets for MDV infection (Hagag et al., 
2020). Recent findings challenge the earlier view that 
MDV infection follows a strictly sequential process, 
significantly expanding our understanding of the cell 
tropism of the virus (Vychodil et al., 2022).
In addition to replicating, MDV causes T cells to go 
into latency (Arumugaswami et al., 2009). Lethal 

Fig. 1. Schematic representation of MDV morphology.
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lymphoma results from the conversion of only a small 
number of latently infected cells (Mallet et al., 2022). 
MDV incorporates its viral genome into the telomeres 
of host chromosomes in tumor cells and latently 
infected cells (You et al., 2021a). This integration is 
necessary for T-cell transformation and guarantees the 
preservation of the viral genome and its oncogenes (Tien 
et al., 2023). Telomere integration is facilitated by the 
placement of telomeric repeats at the ends of the viral 
genome, most likely via the homologous recombination 
route (Kheimar et al., 2017). The quick development 
of T-cell lymphomas is a hallmark of MDV infection 
(Osterrieder et al., 2006). T cells (>60%) make up 
the majority of MDV-induced malignancies, with the 
majority of these cells being transformed and clonally 
amplified CD4+ T cells (Zhou et al., 2019).
MDV can reactivate tumor cells and latently infected 
cells, enabling ongoing virus shedding and transmission 
to healthy individuals (McPherson and Delany, 2016). 
The epithelial cells of the hair follicles shed hair, 
releasing dust and tiny hairs into the surrounding air that 
might spread illness (Couteaudier and Denesvre, 2014). 
The virus starts to spread 12–14 days after infection; 
however, viral DNA can be found 5–7 days earlier 
(Liao et al., 2021). The infectious virus is believed 
to be encased in keratin or exocytosed, and it spreads 
horizontally to uninfected chickens for 16–28 weeks. 
Figure 2 depicts the life cycle of MDV, showing how 
the virus enters the host, replicates in lymphoid organs, 
establishes latency in T cells, and is eventually shed 
through the feather follicles. This process highlights 
the virus’s ability to target the immune system, persist 
within the host, and efficiently spread among chickens, 
contributing to disease progression and transmission 
within flocks.

Virulence factors
The MDV double-stranded DNA genome is 
approximately 180 kb long and is made up of internal 
repeats (Internal Repeat Long and Internal Repeat 
Short) and terminal repeats (Terminal Repeat Long 
and Terminal Repeat Short) on either side of the short 
and long unique regions (US and UL) (Fukuchi et 
al., 1985). MDV encodes approximately 100 genes 
involved in different stages of the viral life cycle (You 
et al., 2021b). These include several virulence factors 
that promote pathogenesis and tumor development 
either alone or in combination (Conradie et al., 2020). 
According to a recent analysis, these variables include 
the oncoprotein Meq, the viral chemokines vIL-8/
vCXCL13, RLORF4, RLORF5a, pp14, and pp38 
(Bertzbach et al., 2018b).
The majority of earlier studies have concentrated on 
the function of the virus’s genes that code for proteins 
(Jarosinski and Osterrieder, 2012; Tai et al., 2017; 
Trimpert et al., 2017). However, MDV also encodes 
a rich repertoire of non-coding RNAs (ncRNAs), 
including miRNAs and viral telomerase RNA (vTR) 
(Chbab et al., 2010). vTR and its cellular counterpart in 
chicken have a conserved stem-loop structure and 88% 
sequence similarity (Fragnet et al., 2003). Furthermore, 
effective virus-induced tumor growth depends on vTR 
(Chbab et al., 2010). Inserting chicken TR into the viral 
genome can restore tumorigenesis in vTR-deficient 
viruses (Liao et al., 2021). These findings demonstrate 
that the virus most likely obtained the gene from its 
host and that cellular TR overexpression can promote 
tumor development. Two Epstein–Barr virus ncRNAs 
that share highly conserved cellular contact partners 
with humans and chickens can likewise partially 
or fully encode vTR (Kheimar and Kaufer, 2018). 

Fig. 2. The pathogenesis cycle of MDV.
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Future studies should clarify how vTR and its cellular 
counterparts change in natural models of this virus-
induced tumor development.
Additionally, MDV encodes miRNAs that are crucial 
for latency and carcinogenesis (Liao et al., 2020). To 
date, 26 mature miRNAs have been identified from 14 
miRNA precursors. The MDV repeat region has three 
clusters of these miRNAs, which are referred to as 
the Meq-, Mid-, and LAT-clusters (Zhao et al., 2015). 
They play a role in controlling target genes in cells and 
viruses. The development and maintenance of latency 
are facilitated by immediate early gene suppression 
(Morgan et al., 2008). MDV-miR-M4 is one of the most 
highly expressed MDV miRNAs and shares the same 
seed region as the human miRNA miR-155 (Zhang 
et al., 2019). Like human miR-155, MDV-miR-M4 
contributes significantly to tumor development but 
is not necessary to preserve the altered phenotype or 
sustain tumor cell growth (Ding et al., 2020). 
More coding and noncoding sequences that may be 
crucial for pathogenesis, infection, replication, and 
dissemination have been identified (Bertzbach et al., 
2020). For instance, it identified numerous novel splice 
variants, including those of known genes such as pp38 
(MDV073), UL15 (MDV027), UL49 (MDV062), and 
pp24 (MDV008) (Volkening et al., 2023). Moreover, 
polycistronic transcripts, polyadenylation signals, and 
new poly(A) cleavage sites have been discovered by 
RNA sequencing (Neve et al., 2017). However, its 
precise role and significance to the virus life cycle 
remain unknown.
Host range
Because chicken breeds vary greatly in their genetic 
vulnerability, they are by far the most significant natural 
host (Trapp-Fragnet et al., 2021). MD outbreaks in 
Japanese quail occur naturally (Adedeji et al., 2019). 
Turkeys develop tumors on occasion, but a serious 
outbreak was recently documented in France (Coudert 
et al., 1995). Pheasants have also been reported to have 
MD (Chacón et al., 2024).
Chronological history of MD
The first documented description of MD was published 
in 1907 by Dr. József Marek, a renowned pathologist 
and veterinarian who served as head of the veterinary 
medicine department at the Royal Hungarian 
Veterinary School in Budapest. He described four 
adult male chickens exhibiting paralysis of the legs 
and wings, a condition he termed “Multiple Nerve 
Disease (Polyneuritis) in the Wings”  (Marek 1907). 
A postmortem examination revealed thickening of the 
sacral plexus and spinal pathways with mononuclear 
cell infiltration. Marek referred to the illness as 
“interstitial neuritis” or “polyneuritis,” which was later 
recognized as the first recorded MD case.
In the early 20th century, Van der Walle and Winkler-
Junius (1924) in the Kaupp (1921) in the USA reported 
similar conditions. These early accounts suggested 
that pathological changes were confined to the Central 

Nervous System and Peripheral Nervous System. At 
that time, poultry producers referred to the disease as 
“range paralysis” or “fowl paralysis.”
In 1967, Churchill and Biggs (1967) successfully 
isolated and identified the causative agent—a 
DNA herpesvirus belonging to the subfamily 
Alphaherpesvirinae—which was subsequently named 
MDV. This discovery shifted the understanding of 
MD from a purely neurological condition to lymphoid 
neoplasia associated with viral infection. Subsequent 
immunological and molecular studies identified three 
serotypes: Serotype 1 (pathogenic and oncogenic), 
Serotype 2 (non-oncogenic, used for vaccines), 
and Serotype 3 (turkey herpesvirus, also used as a 
heterologous vaccine) (Yang et al., 2020).
Following the introduction of the first vaccine in the 
1970s, the pathogenesis pattern of MDV evolved from 
a relatively mild classical form to more virulent forms, 
including very virulent (vvMDV) and very virulent 
plus (vv+MDV) strains (Zeghdoudi et al., 2023).
Epidemiology
Multiple outbreaks of MD have been reported globally 
in recent years, indicating that the virus continues to 
circulate and evolve despite vaccination efforts. For 
example, between 2018 and 2024, sporadic cases and 
localized outbreaks were recorded in Asia, Africa, and 
parts of Europe, with several reports describing the 
emergence of more virulent MDV pathotypes (vvMDV 
and vv+MDV). Recent surveillance data suggest that 
MDV circulation in Southeast Asia, parts of the Middle 
East, and sub-Saharan Africa remains a hotspot, often 
linked to suboptimal vaccine coverage and biosecurity 
measures.
MD is a disease with a worldwide spread, occurring in 
practically every nation with a large chicken population 
(Atkins et al., 2013). MDV infection and transmission 
are more likely to occur in areas with high poultry 
populations and intensive rearing practices (Kennedy 
et al., 2018). This is because the virus can linger in 
the environment for weeks or even months, especially 
when it comes to dust particles from skin epithelium 
and hair follicles, which can spread the infection 
(Couteaudier and Denesvre, 2014).
MD has been reported in several geographical locations, 
including temperate, tropical, and subtropical climates 
(Dunn and Gimeno, 2013). MD is intimately linked 
to the evolution of contemporary poultry technology, 
the movement of chickens and their products, and 
the pattern of globalization and intensification of the 
poultry sector, which facilitates the efficient and quick 
spread of viruses from one area to another (Nair and 
V, 2005). Currently, MD is classified as an endemic 
disease that is present in nations in Asia (Song et al., 
2022), Africa (Adedeji et al., 2019), Latin America 
(Buscaglia et al., 2004), Europe  (Biggs and Nair, 
2012 ), North America (Dunn and Gimeno, 2013), and 
Australia (Renz et al., 2012).
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Currently, MD is prevalent in the majority of Southeast 
Asian nations, including Thailand (Wannaratana et al., 
2022), Malaysia (Othman and Aklilu, 2019), Indonesia 
(Hartawan and Dharmayanti, 2016), and Vietnam 
(Viet Thu et al., 2022). Clinical cases are still being 
reported, particularly on farms with subpar vaccination 
programs. There have also been reports of the disease 
in Middle Eastern countries such as Saudi Arabia 
(Mohamed et al., 2016), Iran (Ghalyanchilangeroudi et 
al., 2022), and Turkey (Hauck et al., 2020), along with 
difficulties in managing increasingly severe strains. In 
Africa, the disease is still widespread in nations such 
as Ethiopia (Birhan et al., 2023), Tanzania (Chengula 
et al., 2025), Nigeria (Adedeji et al., 2019), and Egypt 
(Gamal et al., 2025), and it is frequently worsened by a 
lack of vaccinations.
MD mortality rates can be effectively managed in 
nations such as Western Europe, the United States, 
and Japan that have developed vaccine technologies 
and intensive poultry production systems (Reddy 
et al., 2017). However, MDV, the disease’s causal 
agent, can continue to exist and develop in the chicken 
farming environment, particularly in the form of 
subclinical infections, even if the mortality rate is 
decreased (Lopez et al., 2019). This enables the virus 
to survive in the population and may eventually lead 
to the emergence of variants with increased virulence. 
According to a number of data from regions with high 
intensification rates, vaccination can lower morbidity 
and mortality but cannot completely stop illness or CC 
transfer (Atkins et al., 2013; Zhang et al., 2020). 
Pathogenesis
The pathogenesis of MD is complex, beginning with 
infection of the respiratory system through inhalation 
of chicken house dust containing virus particles and 
progressing to the development of infectious viruses in 
the epithelial cells of feather follicles (McPherson and 
Delany, 2016). The four main interconnected stages 
of MDV pathogenesis are entry, replication, latency, 
and spread. Early viral replication has been observed 
in the lungs of B cells and macrophages of infected 
animals (Baaten et al., 2009). Phagocytic cells, such as 
macrophages and dendritic cells, transport the virus to 
the spleen, bursa of Fabricius, and regional lymphatic 
tissue, infect additional immune cells (Jin et al., 2020). 
Experimental studies have demonstrated that both 
phagocytic macrophages and dendritic cells support 
MDV replication and facilitate cell-to-cell transmission 
in vitro (Zhu et al., 2024).
MDV secretes a viral chemokine that was formerly 
known as vIL-8 but was more recently renamed 
vCXCL13 due to its biological characteristics (You et 
al., 2021c). These chemokines are crucial for the normal 
establishment of infection because they attract B cells 
and a minor percentage of CD4+ T cells (Yang et al., 
2020). Virus replication occurs in multiple cell types 
during infection in chickens, with B cells accounting 
for the majority of infected cells (Thanthrige-Don et 

al., 2009). Infected B cells are the cells most vulnerable 
to lytic replication and are easily identified in infected 
chickens (Trapp-Fragnet et al., 2021).
The switch from cytolytic to latent infection is 
not entirely understood; however, latency starts 
approximately 1 week after infection, mostly in CD4+ 
T cells (Torres et al., 2019). Latently infected CD4+ 
T cells undergo transformation, develop tumors, and 
spread MDV systemically through the feather follicle 
epithelium in genetically vulnerable, unvaccinated 
chickens, where productive replication can resume 
(Davison and Nair, 2005). MDV spreads throughout 
the environment and lives in desquamated epithelial 
cells. CD4+ T lymphocytes limit productive (lytic) 
infection and inhibit the production of cellular death 
during latency (Zhu et al., 2024). 
Pathology
Macroscopic lesions
The classic form of MD is characterized by the 
swelling of one or more peripheral nerves (Boodhoo et 
al., 2016). The brachial and sciatic plexuses and nerve 
trunks, celiac plexus, abdominal vagus, and intercostal 
nerves are the most commonly afflicted and easily 
visible nerves (Birhan et al., 2023). The afflicted nerve 
is generally two to three times thicker than usual and 
is greatly swollen. The nerve no longer has its typical 
striped, sparkling appearance (Swayne et al., 1989). 
The nerves are edematous and grayish or yellowish 
in appearance (Zeghdoudi et al., 2023). This type of 
lymphoma manifests as small, soft, gray tumors in the 
liver, kidneys, heart, ovaries, and other tissues (Burgess 
et al., 2004). Diffuse lymphoma is the most common 
lesion in the acute form, affecting many visceral organs, 
including the heart, ovary, liver, spleen, kidneys, and 
proventriculus (Kaboudi et al., 2025 ). 
Occasionally, lymphoma is observed in skeletal muscle 
and the skin surrounding hair follicles (Osterrieder 
et al., 2006). The involvement of peripheral nerves 
in the classic form may also be observed in affected 
chickens (Biswas et al., 2018). Younger chickens often 
have modest liver enlargement in contrast to adults, 
whose livers are noticeably enlarged and resemble 
lymphoid leukosis in physical appearance (Payne and 
Venugopal, 2000). The thymus and bursa of Fabricius 
may completely disappear due to significant atrophic 
alterations in the acute cytolytic type of the disease 
brought on by certain virulent isolates (Berthault et al., 
2018).
Microscopic lesions
A histological study is necessary for a correct 
diagnosis, even when gross lesions may indicate 
malignancy. For this purpose, it is crucial to gather 
fresh tissue into fixative from multiple cases within 
the impacted herd (Sadigh et al., 2020). To diagnose 
Marek’s disease, it is helpful to obtain tissue samples 
from the liver, spleen, bursa of Fabricius, thymus, 
heart, proventriculus, kidney, gonads, nerves, skin, and 
other gross tumor tissues (Mete et al., 2016). Type B 
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lesions on nerves exhibit edema, small lymphocyte 
and plasma cell infiltration with Schwann cell growth, 
and an inflammatory appearance (Reddy et al., 2021). 
Type C lesions are considered regressive inflammatory 
lesions and are frequently observed in chickens that 
do not exhibit gross lesions or clinical indications. 
Light scattering of tiny lymphocytes and plasma cells 
characterizes them (Zeghdoudi et al., 2023).
Demyelination, which is frequently observed in the 
nerves, causes paralytic symptoms (Payne and Biggs, 
1967). The cerebellum, cerebrum, and optic lobes 
are all affected by widespread vasculitis in chickens 
exhibiting acute temporary paralysis (Swayne et al., 
1989). The cytology of lymphoproliferation in type-A 
nerve lesions is comparable to that of lymphomas 
found in visceral organs and other tissues (Das et al., 
2018). The majority of lymphoid cells are small and 
medium lymphocytes, which are typically mixed in 
type. However, big lymphocytes and lymphoblasts 
may occasionally predominate, particularly in mature 
chickens (Gimeno et al., 2001). One key characteristic 
that distinguishes MD lymphoma from lymphoid 
leukosis is the presence of polymorphic lymphoid 
cell populations, which can be observed in tissue 
slices or cast smears (Kumar et al., 2018). Chickens 
with acute cytolytic illness have substantial atrophic 
alterations in their thymus and bursa of Fabricius, 
where most lymphoid cells are replaced (Berthault et 
al., 2018). These organs may also acquire neoplastic 
lymphomatous lesions. MDV-related atherosclerosis 
has been linked to arterial lesions exhibiting 
proliferative alterations in the aorta, coronary, celiac, 
and mesenteric arteries (Lucas, 1998).
Clinical symptoms
Because MDV is so common, the presence of the virus 
in many chicken farms and the detection of virus, viral 
antigen, or nucleic acid without clinical illness does not 
prove that MD is present.
Classical form
Enlargement of one or more peripheral nerves is a 
common finding (Gall et al., 2018). The brachial and 
sciatic plexuses, celiac plexus, abdominal vagus, and 
intercostal nerves are the most commonly impacted 
and readily apparent post-mortem (Mescolini et al., 
2022). Progressive paralysis, usually of the legs, 
is the hallmark of this condition; affected chickens 
usually bend one leg under and extend one leg forward 
(Swayne et al., 1989). Lymphocyte infiltration into the 
sciatic nerve is the etiology of this disorder (Lopez et 
al., 2019). Death may result from weight loss, dyspnea, 
diarrhea, or malnutrition brought on by a lack of access 
to food and water (Boodhoo et al., 2016).
Visceral form
In the acute form, peripheral nerve swelling and 
tumors are seen in internal organs such as the heart, 
ovary, spleen, liver, kidneys, and lungs  (Alkubaisy 
and Hameed, 2023 ). Affected chickens typically 
show peripheral nerve edema, as in the classic form. 

The liver may be significantly enlarged in adult 
chickens, and its visual appearance is identical to that 
of lymphoid leukosis, from which this condition must 
be distinguished (Kumar et al., 2018). Liver swelling 
is typically modest in younger chickens (Abreu et al., 
2016). Adult chickens with MD frequently have no 
nerve lesions.
Cutaneous form
Nodular lesions develop in the feather follicles of young 
chicks and are immediately identifiable after plucking 
(Couteaudier and Denesvre, 2014). MD is also referred 
to as “red leg syndrome” because the hairless parts of 
the legs might appear vivid red (Szeleszczuk et al., 
2006).
Ocular form
This uncommon syndrome results in irregular and 
eccentric pupils, partial or complete blindness, and 
graying of the iris of the eye due to the invasion of 
altered lymphocytes (Al-Zebeeby et al., 2024). Death 
is uncommon.
Diagnosis
There are different etiologic agents that might induce 
similar tumors, making it difficult to diagnose MD 
in chickens. Both tumor and virus diagnoses must be 
considered because it is not unusual for a single chicken 
to have multiple avian tumor viruses. A methodical 
procedure that incorporates history, epidemiology, 
gross clinical and necropsy findings, tumor cell 
characteristics, and virological characteristics has been 
suggested for the diagnosis of MD.
Field diagnosis
MD can be tentatively diagnosed by clinically 
examining infected hens and looking for clinical 
indicators such as depression, weight loss, flaccid 
neck, swollen and rough skin around feather follicles, 
and paralysis of the wings and legs (Biggs and Payne, 
1967). Enlargement of the liver and spleen, lymphomas 
in the liver, kidneys, ovaries, proventriculus, lungs, 
nerves, heart, and skin, and atrophy of the bursa of 
Fabricius and thymus are all characteristics of gross 
lesions of MD (Abreu et al., 2016).
Laboratory diagnosis
The histopathology of the damaged organ reveals 
significant cellular polymorphism, along with the 
presence of diffuse or well-defined tumor cell 
infiltration, lymphocytes, lymphoblasts, and fibroblasts 
(Murthy and Calnek, 1979). These lesions are 
associated with vacuolization, hepatic duct atrophy, 
and degeneration and necrosis of liver parenchymal 
cells (Abreu et al., 2016). Fabricius thymus and bursa 
exhibit necrosis and damage to lymphoid cells (Schat 
et al., 1981).
As part of the virus culture process, a virus sample is 
inserted into several cell lines that are susceptible to 
infection by the virus under examination (Tien et al., 
2023). The culture is considered successful if the cells 
exhibit alterations, also referred to as a cytopathic 
effect. Primary chicken embryonic kidney cells made 
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from 18-day-old embryonated particular pathogen-
free eggs can be utilized for MDV cell culture (Abd 
El-Ghany, 2025). Additionally, 10–11-day-old chicken 
embryonated specific pathogen-free eggs were used 
to create primary fibroblast cells for MDV isolation 
(Kamble et al., 2021). 
The virus was isolated from suspected tissue samples 
to detect MDV. Therefore, a 10% w/v tissue suspension 
was prepared and inoculated into kidney monolayer 
cultures of chicken embryos grown in plastic cell 
culture tubes for four consecutive passages using 
a sterile phosphate buffer solution (Ewies et al., 
2021). Then, the inoculation was repeated in four 
consecutive passages of chicken embryo fibroblast 
cells. A humidified incubator with 5% CO2 was used 
to incubate both inoculated and uninoculated control 
cultures at 37°C. The culture media was changed once 
every 2 days. The cytopathic impact region became 
apparent 6–8 days after incubation (Imai et al., 1990).
Serological tests
Serological diagnostic techniques for identifying 
MDV antibodies generated in response to MDV 
infection include agar gel immunodiffusion (AGID), 
indirect fluorescent antibody, and enzyme-linked 
immunosorbent assay (ELISA) (Tuli and Fayisa, 
2023). AGID uses glass slides coated with 1% agar in a 
phosphate buffer solution with 8% sodium chloride to 
identify MDV antibodies generated in response to MDV 
infection (Boodhoo et al., 2019). To permit diffusion, 
adjacent wells were loaded with serum or antigen 
and incubated for 24 hours at 37°C in a humidified 
environment. A cross-linked antigen-antibody complex 
that precipitates in the agar is created when antibodies 
to an antigen present in the serum sample bind together 
(Burgess and Davison, 2002).
Using indirect fluorescent antibodies, antigen-
specific antibodies can be found in a suspected 
sample. These antibodies target the primary antibody 
used for detection with fluorophore-conjugated 
secondary antibodies and unconjugated primary 
antibodies (Kurokawa and Yamamoto, 2022). Rather 
than attaching to antigens, fluorescent secondary 
antibodies attach to antigen-specific antibodies. 
Indirect immunofluorescence provides several benefits 
over direct immunofluorescence, including being 
inexpensive because secondary antibodies can be used 
for a variety of primary antibodies (Purchase, 1969).
Antibodies in serum and other bodily fluids can be 
quantitatively estimated using indirect enzyme-linked 
immunosorbent assay (Zelnik et al., 2004). The 
binding mechanism of primary antibodies and enzyme-
labeled secondary antibodies is crucial for the indirect 
ELISA concept (Sakamoto et al., 2018). This technique 
involves adding the specimen to the well of a microtiter 
plate coated with the antigen that certain antibodies 
detect. The wells were cleaned after the incubation 
period. An antigen-antibody combination will form in 
the sample if antibodies are present, and it will not wash 

off. However, no complex will form if the specimen has 
no particular antibodies. After that, enzyme-conjugated 
anti-isotype antibodies are added and incubated. The 
enzyme substrate is added following the subsequent 
washing step (Cheng et al., 1984). Indirect ELISA has 
a higher sensitivity because it requires fewer labeled 
antibodies and binds several labeled antibodies to each 
antigen molecule (Scholten et al., 1990).
Molecular-based techniques
Several MDV genes can be amplified and quantified 
using a molecular technique called real-time 
polymerase chain reaction (RT-PCR) (Angamuthu et 
al., 2012). Real-time measurements of amplification 
are performed during the reaction. The detector 
measures the amount of fluorescence released during 
amplification. As a diagnostic tool for MD, this tool 
provides a quicker and more accurate test (Gall et 
al., 2018). Samples of frozen muscle, liver, spleen, 
kidney, and feather tissue were homogenized using a 
designated homogenizer (Blume et al., 2016). RT-PCR 
was performed using forward and reverse primers to 
target the amplification of the MDV meq, Gb, and ICP4 
genes (Zhang et al., 2018).
Differential diagnosis
The two most prevalent illnesses in chickens that 
may be distinguished from MD are lymphoid 
leukosis and reticuloendotheliosis. In contrast to 
reticuloendotheliosis and lymphoid leukosis, MD 
can afflict chickens of any age, including those aged 
16 weeks (Woźniakowski et al., 2018). In contrast 
to lymphoid leukosis and reticuloendotheliosis, MD 
frequently causes paralysis of the wings and legs, nerve 
expansion, and central nervous system involvement 
(Payne and Venugopal, 2000).
Transmission
The main horizontal route of MD transmission is from 
infected to healthy chickens (Boodhoo et al., 2016). 
MDV-infected chickens expel the virus from their body 
through dander, which is made up of dust and epithelial 
flakes from feather follicles (Jarosinski, 2012a,b). 
These tiny particles can linger in the atmosphere for 
extended periods, especially in spaces with inadequate 
ventilation or low sanitary standards (Ding et al., 2024). 
Air tainted by these dust particles can expose chickens 
that lack immunity to MDV (Heidari et al., 2023).
MDV initially replicates in the respiratory tract 
epithelium and alveolar macrophages when it enters 
the body through the respiratory system (Akbar et al., 
2023). The thymus and bursa of Fabricius are among 
the key lymphoid organs where MDV subsequently 
expands before infecting CD4+ T cells (Schat, 2022). 
The body’s neurological system, skin, and viscera 
are only a few places where infected lymphocytes 
might develop into cancerous cells (Couteaudier and 
Denesvre, 2014). As a result of this process, infected 
chickens continue to lose MDV from their feather 
follicles, which permits the development of clinical 
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disease and transmission within a flock (Jarosinski, 
2012a,b).
Fomites, which are items or equipment tainted with 
MDV particles from fur and dust follicles, such as food 
or drink containers, clothing, shoes, or automobiles, 
can also act as a medium for the spread of MD 
(Woźniakowski and Samorek-Salamonowicz, 2014). 
MDV does not travel vertically from mother to egg like 
some other poultry viruses do, but it does spread quickly 
from one area to another and from one chicken to 
another because of its effective horizontal transmission 
pattern (Jarosinski et al., 2007). The transmission of 
MDV involves a complex interplay between infected 
birds, the environment, and susceptible hosts, as 
illustrated in Figure 3. The primary routes of horizontal 
transmission, including inhalation of contaminated 
feather dander and indirect spread via fomites, as well 
as the virus’s persistence in the environment under poor 
sanitation conditions, contribute to ongoing infection 
cycles within poultry flocks.
Risk factors
MD risk factors are directly linked to the chicken’s 
age, immune condition, maintenance system, and 
virus virulence degree. The most vulnerable are very 
young chicks, particularly those in the first few weeks 
following hatching, as their immune systems are still 
developing and cannot mount a sufficient defense (Zhu 
et al., 2024). Given that dust particles and epithelial 
debris from virus-carrying feather follicles can survive 
in these conditions for weeks or even months, the danger 
is also increased when hens are housed in high-density, 

unsanitary, and inadequately ventilated situations 
(Woźniakowski and Samorek-Salamonowicz, 2014).
Furthermore, the virulent level of circulating MDV 
strains significantly influences the pattern of illness 
incidence and severity; even in vaccinated chickens, 
very virulent (vvMDV), and very virulent plus 
(vv+MDV) strains can cause large levels of mortality 
(Liu et al., 2023). Another significant risk factor is the 
chicken’s immune condition, particularly if it has been 
exposed to other immunosuppressive substances, such 
as Newcastle disease and infectious bursal disease 
viruses, which can weaken the body’s defenses against 
MDV infection (Schat and Skinner, 2014). Genetic 
influences cannot be overlooked because chickens from 
lines with poor genetic resistance are more prone to MD 
than those from lines with higher genetic resistance 
(Chang et al., 2014). The danger of MD emergence and 
development in a population depends heavily on the 
intricate interplay between the genetic background of 
the chickens being reared, their age, management and 
biosecurity practices, immunological status, and the 
degree of viral virulence (Chu et al., 2019).
Economic impact
Prior to the development of vaccinations, MD posed 
a significant financial risk to the chicken industry, 
leading to mortality rates of up to 60% and 10% in 
laying and broiler flocks, respectively (Dejyong et al., 
2023). Although sporadic losses still occur because 
vaccinations are not 100% effective, they are no 
longer a significant concern (Atkins et al., 2013). The 
projected cost of fatalities and mortality in the United 

Fig. 3. MDV transmission in chickens.
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States because of MD in 1984 was approximately $12 
million. When broken down by category, the financial 
burden of MD includes the following: (i) decreased egg 
production, which directly reduces revenue from laying 
hens; (ii) decreased feed conversion rate, leading to 
higher feed costs for the same weight gain; and (iii) 
increased vaccination and biosecurity expenses, which 
significantly add to production costs. The total economic 
impact is approximately $169 million in the US and 
$943 million globally when these losses are included 
(Dunn and Gimeno, 2013). Recent global estimates 
suggest that current losses, combining mortality, 
reduced productivity, and prevention measures, are 
between $1 and $2 billion annually, although these 
numbers cannot be confirmed (Zeghdoudi et al., 2023).
The poultry industry continues to be very concerned 
about MDV due to its unpredictable outbreaks and 
the potential for vaccines to eventually fail due to the 
emergence of more virulent MDV strains (Yu et al., 
2023). In Ethiopia, MD was initially identified in 1983, 
and between 1983 and 1986, a 3% incidence rate was 
noted in industrial chicken farms (Getahun, 2023). MD 
may be important for contemporary chicken production 
in Ethiopia, as evidenced by the high mortality rate 
(46%) in commercial poultry farms during an outbreak 
in central Ethiopia (Demeke et al., 2017). During this 
outbreak, mortality alone resulted in an estimated 
financial loss of 76,000 birr over 3.5 months, without 
accounting for production losses or prevention costs. 
Ethiopian chickens are not currently vaccinated against 
MD, despite its economic importance in Ethiopian 
chicken production (Duguma et al., 2005).
Treatment
There is no proven specific treatment for MD, 
particularly in hens that already have neoplastic tumors 
or clinical signs. MDV is a DNA herpes virus that can 
live and conceal itself in lymphoid cells, making it 
challenging for antiviral treatment to reach these cells 
(Lopez et al., 2019). Consequently, prevention rather 
than therapy, specifically through vaccination and the 
application of stringent biosecurity protocols, is the 
best control strategy (Reddy et al., 2017).
Vaccination
The vaccination works quite well; in commercial 
settings, it frequently provides more than 90% 
protection (Baigent et al., 2007). Turkey strain FC-
126 herpesvirus is commonly used and works very 
well against aggressive MDV (Calderón et al., 2022). 
Bivalent vaccination that combines serotype-2 strain 
SB-1 with HVT works in concert to offer superior 
defense against virulent MDV (Neerukonda et al., 
2019). Since immunity develops in 2 weeks and handling 
of the chicks is not necessary, in-ovo vaccination is 
the preferred method (Abd El-Ghany, 2025). MDV 
has developed greater virulence and resistance to 
these vaccinations, as they do not stop viral infection. 
Therefore, the current vaccines are combination 
vaccinations that employ either an attenuated strain of 

MDV, CVI988/Rispens, or HVT and Gallidherpesvirus 
type 3 (Sadigh et al., 2018). Widespread vaccination 
significantly reduced illness losses by more than 99% 
and provided hosts with another crucial tool against the 
virus (Atkins et al., 2013).
Many nations have implemented the attenuated form of 
MDV, CVI988, which is considered the best protective 
vaccine currently available (Ralapanawe et al., 2016). 
The MDV vaccination is given in the ED in vivo. The 
vaccine inoculum is automatically injected into the 
amniotic fluid of most eggs (Williams and Hopkins, 
2011). However, this illness presents a significant threat 
to the chicken industry and complicates management 
measures due to rising vaccination failure rates and the 
appearance of increasingly aggressive pathogens. MD 
vaccination has numerous intrinsic flaws despite its 
effectiveness rate of over 95% (Atkins et al., 2013). The 
most significant finding is that it cannot cause “sterile 
immunity” in hosts that have received vaccinations (Yu 
et al., 2023). This makes it possible for virulent virus 
strains to proliferate and spread across the environment 
regardless of the vaccination level of the host. HVT 
does not provide protection against MD in turkeys, but 
CVI988/Rispens vaccination does (Ralapanawe et al., 
2016).
Control
The poultry sector faces a challenge in controlling 
MD because the virus can persist in the environment 
for a long period and keeps evolving. The first step 
in control efforts is vaccination, which is currently 
the most effective way to reduce the severity and 
death rate from MDV infection (Atkins et al., 2013). 
Marek’s vaccine is typically administered to day-
old chicks via subcutaneous injection or the in-ovo 
technique to provide them with a foundational degree 
of protection prior to their exposure to environmental 
infection (Peebles et al., 2017). Vaccination can lessen 
disease severity, decrease tumor formation, and lower 
death rates, allowing chickens to grow more ideally 
even though it cannot completely stop the virus from 
entering the body (Fazel et al., 2024).
In addition to vaccination, rigorous biosecurity 
measures are crucial for controlling MD. These 
measures include managing litter and dust from chicken 
feather follicles, keeping an eye on vehicle and human 
movement between farm sites, thoroughly cleaning 
cages and equipment, and regulating cage density and 
ventilation levels (Bavananthasivam et al., 2022). The 
danger of MD spreading can be considerably reduced 
by reducing environmental contamination and severing 
the transmission chain from affected flocks to healthy 
flocks (Kennedy et al., 2017). Genetic selection can also 
aid in the control of MD by preserving and breeding 
chicken breeds with greater innate resistance to MDV 
(Hearn and Cheng, 2023). This procedure can be used 
in conjunction with current vaccination and biosecurity 
measures because certain chicken strains are known to 
be more resistant than others.
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Conclusion
MD is one of the most important neuropathic and 
lymphoproliferative illnesses in the poultry sector 
and is found in practically every nation with a high 
degree of intensified chicken farming. Its distribution 
pattern has expanded worldwide. The disease’s history, 
transmission patterns, epidemiology, and control are 
only a few of the factors that highlight MD’s status 
as a complicated threat to poultry productivity and 
health. Even with current vaccine technology, MD is 
challenging to fully control due to risk variables such as 
chicken age, MDV strain virulence level, immune state, 
and degree of biosecurity and husbandry management. 
Successful MD control is primarily dependent on the 
application of comprehensive preventive measures, 
such as vaccination with suitable strains, stringent 
biosecurity procedures, genetic selection for increased 
resistance, and continuous monitoring and surveillance, 
even though there is no known cure for the disease. 
More flexible and effective control strategies will 
be developed with a better understanding of the 
epidemiological features, transmission patterns, and 
distribution of MDV to reduce the negative health and 
economic effects of MD on the global poultry industry.
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