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ABSTRACT 

Marek's disease (MD) remains to be one of the major problems in the production of poultry 

despite widespread vaccination. Recent study suggests that vaccinated flocks are breaking 

out, with emerging virulent strains and decreased vaccine efficacy being considered a 
major concern. There is limited data are available on MD prevalence in southern Iraq. This 

study examined a case of an outbreak in immunized commercial flocks of layers (White and 

Brown Lohmann) by clinical, pathological, histopathological, serological, and molecular 
analyses. 

300 chickens were studied including 100 clinically affected White Lohmann, 100 affected 
Brown Lohmann and 100 control White Lohmann. Clinical symptoms consisted of 

asymmetric paralysis, emaciation, drooping of the wings and a mortality rate of 7.5 in Brown 

Lohmann and 4.2 in White Lohmann. On gross examination, hepatosplenomegaly, kidney 
enlargement, and swelling of the sciatic nerve were seen. Diffuse infiltration of 

proventriculus, lungs, heart, liver and spleen with lymphoid tumors, replacing normal 

tissues, was observed in 85-95 per cent of affected birds by histopathology. ELISA showed 
a significant decrease in (P < 0.05) NDV and IBV antibody in the infected birds as opposed 

to controls. The results of PCR confirmed that the Meq gene was positive in 100 percent of 

infected birds and negative in controls which had no lesions or PCR results.  

The outbreak is the visceral variant of MDV in vaccinated Basra layer flocks, which 

indicates the existence of the extremely virulent (vv) or vv+ strains of MDV overcoming the 

existing vaccines. The extreme cases of immunosuppression observed emphasize the 
necessity of the better vaccination strategies, strict biosecurity approaches, and the 

constant monitoring by the means of molecular monitoring to restrain MD in large-scale 
poultry farms. 
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1. Introduction 
A highly contagious and highly disabling lymphoproliferative disease of poultry, Marek’s disease (MD), is caused by the oncogenic 

Gallid alpha herpesvirus 2 (GaHV-2) and develops into T-cell lymphomas, immunosuppression and neurological disorders (1, 2) Although, 

vaccination has greatly minimized the incidence of the MD, the war against the poultry health by the emergence of very virulent (vv) and 

very virulent plus (vv+) viruses still continues on a global scale (3).  Layer chickens (White, Brown Lohmann) are known to be more 

resistant to Marek’s disease than broilers, most likely because of their longer life span and enhanced adaptive immunity (4). This increased 

immunity has been associated with stronger humoral and cellular immunity; higher level of activation of cytotoxic T cells and γδ T cells 

(essential for an effective control of MDV infections) (5). Besides, transcriptomic analysis revealed that MD-resistant chicken lines have 

increased levels of antiviral defense pathways, including herpes simplex and influenza A, suggesting a superior innate and adaptive 

immunity to MDV infection (6). However, studies have shown that MDV can avoid the host immune system by inducing regulatory T cells 

(Tregs) that express Transforming Growth Factor Beta (TGF-β) and can cause immune suppression and enhanced tumor susceptibility (5). 

Besides, mutations on the viral oncogene meq have also been associated with increased virulence and decreased efficacy of the vaccine 
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which has been a subject of concern to the control of field strains (5, 6). On the continental level, economic effects of MD are mortality, 

poor flock performance, decreased egg production, and susceptibility to secondary infections when immunosuppression occurs (2,7, 8). 

The virus’s immunosuppressive effect is compounded with response to other vaccines including Newcastle disease virus (NDV) and 

infectious bronchitis virus (IBV) thereby increasing the overall disease challenge (1,9, 10). Data on MD in southern Iraq, particularly in the 

Basra region, are currently scarce, and research on the topic remains limited.  

The identification of MD outbreak in vaccinated layer flocks in Basra creates serious questions to the effectiveness of existing 

vaccination practice and an indication of a circulation of virulent MDV strains (3, 4). The immunological mechanisms of disease resistance 

in layer chickens and reasons for vaccination failures are important in enhancing control strategies with local production factors (9). 

Therefore, the objective of this study was to investigate an outbreak of Marek’s disease in vaccinated commercial layer flocks (White 

Lohmann and Brown Lohmann) through comprehensive clinical, pathological, histopathological, serological, and molecular 

characteriazation, in order to determine the virulence, genetic features- (which were measured on the basis of lesions in the organs as well 

as their effects on the number of organs, and the mortality rate, and specifically by gene determination (Meq gene)).and immunological 

implications of the circulating MDV strains. 

 

2. Materials and Methods 

Study area and flock description 
The current research was done on two commercial layer farms in Basra,Iraq. In each farm, there were two flocks which were 

about 100,000 White Lohmann layers and 100,000 Brown Lohmann layers. Both farms were controlled and immunized in accordance with 

the standard commercial practices. The immunization included: Marek Disease (HVT strain): , Rispens CVI988 + HVT (Timing: On the first 

day. Dosage: 0.25 ml), Merial/Boehringer Ingelheim, France. Newcastle Disease Virus (NDV): LaSotta strain, provided by CEVA Animal 

Health, Hungary. Infectious Bronchitis Virus (IBV): H120 strain, imported by Zoetis, USA. All vaccinations were done as per the 

manufacture recommendations. The present investigation was initiated after clinical signs that were typical of Marek Disease were 

reported at the age of 175 days. 

 

Experimental Design 

In this study, the numbers of the sample were 300 chickens, which were divided into three groups including: Group 1 (n=100) 

White Lohmann chickens clinically affected; Group 2 (n=100) Brown Lohmann chickens clinically affected; and Group 3 (n=100) White 

Lohmann chickens clinically healthy which were used as controls. The control  was not added for the brown breed , because there are 

previous study show the effect of the MD on the immunosuppression case on the brown layer breed (11), and the financial outlay   of this 

group in this age of production . clinically affected birds were selected on the basis of the typical signs of Marek disease, i.e. asymmetric 

paralysis, emaciation, and wing drooping, of commercial flocks of the same age, condition of management, and vaccination regimens. A 

local MD-free farm was chosen using the random selection of control birds raised under similar conditions of rearing and vaccination to 

provide an opportunity to compare immune, histopathological, and molecular parameters. 

The sample size of the study was calculated using the StatCal calculater in Epi Info® software. The initial level of calculation was 

based on a prevalence rate of 50 as there was no previous studies conducted in Iraq to study the prevalence of vvMD, a 99.9% level of 

confidence and a margin of error of 10% resulting in 271 samples. The sample size was increased to 300 birds to enhance the statistical 

power of the study and to account for potential data loss during sampling or laboratory analysis 

Clinical examination and necropsy 

Symptomatic selective birds from each affected flock were clinically examined for signs such as paralysis, emaciation and non-

mobility. Birds were euthanized in accordance with approved animal welfare guidelines by cervical dislocation. Morphological 

diagnosis in postmortem suggested the presence lesions of hepatosplenomegaly and sciatic nerve enlargement, tumor-like lesions in 

visceral organs. Control birds were necropsied in order to demonstrate lack of macroscopic tissues that may be related to Marek’s disease. 

 

Samples collection 
Both control and clinically affected birds were sampled aseptically in terms of tissue collection. The sampled organs were liver, 

spleen, kidneys, heart, lungs, proventriculus and sciatic nerve. One part was put in 10% neutral buffered paraformaldehyde (pH 7.4) and 

fixed to analyze by histopathological techniques and the other part was stored immediately at -80⸰ C to conduct molecular analysis. The 

preservation of ultra-low temperature was done in the –80 o C ultra-low temperature freezer (Model: MDF-U53V, PHCbi, Japan) supplied 

by PHC Corporation through the authorized distributor in Iraq (Scientific Supplies Company, Baghdad). Besides liver, spleen, kidneys, 

heart, lungs, proventriculus, and sciatic nerve, other aseptic tissue samples were further taken on the ovary and intestines of clinically 
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affected birds. Because of their significance in the occurrence of visceral lymphomatosis and systemic Marek disease infections, these 

tissues were expensive under the histopathological examination as well as the gross pathological examination. 

There was also collection of blood sample through venipuncture at the wing vein using sterile syringes. The serum samples 

obtained were placed in non-anticoagulant, sterile tubes and centrifuged (3000 rpm 10 min room temperature). The separated sera were 

placed in a refrigeration centrifuge (Model- Sigma 3-16L, Sigma Laboratory Centrifuges, Germany) at a temperature of -20o C, which would 

then be subjected to serological assays. External examination has been done with feather follicle swabs in order to test the existence of 

Marek disease virus (MDV) to possibly infected epidermal tissue. The feather follicle swabs were taken on axillary (wing) area using sterile 

polyester-tipped applicators which were wet with phosphate-buffered saline (PBS). All swabs were carefully twisted on the areas of the 

follicles and placed in 1.5 mL microtubes, each of which consisted of 500 mL of PBS, and they were placed under freezing temperatures of 

-80 o C until the time of DNA extraction. This method is based on the methodology given by Najam H.A., [10], which showed the practicality 

of feather pulp sample to detect MDV using PCR even at a low level of detection. 

 

Histopathological examination 

The tissues processed in formalin were used as per the normal preparation of paraffin embedded tissues. The tissues were 

thereafter dehydrated, cleared and placed into paraffin blocks. Rotary microtome (Model: Leica RM2235, Leica Biosystems, Germany) was 

utilized to take the tissue sections of 4,000-5,000 μm thickness to undergo a routine histopathological analysis. The sections were 

subsequently placed on glass superfrost plus glass slides (Thermo Fisher Scientific, USA) and stained by hematoxylin and eosin (H&E) to 

undertake histopathological analysis. With this technique, cellular structure, morphology of tissues and the presence or absence of 

pathology will be clearly observed under light microscope. The microscopic examination was carried out under light microscope (Model: 

CX43, Olympus Corporation, Japan) with digital imaging system along. Hematoxylin coloring of nuclei is blue, whereas cytoplasm and 

extracellular matrix proteins are counter stained pink by eosin, yielding the maximum contrast to identify neoplastic lymphoid infiltrates, 

necrosis, and tissue effacement of Marek’s disease. Lesions that are typical of Marek’s disease, including lymphoid infiltration, tumor 

formation, and nerve lesions, were assessed in slides using light microscopy. Control group tissues were also treated like base line 

histology (11). 

 

Serological testing  
Serum samples obtained from all birds were tested for antibodies to NDV and IBV by commercial indirect enzyme-linked 

immunosorbent assay (ELISA) kit (BioChek, Netherlands) following the manufacturer’s instruction. Optical density (OD) values were 

determined at 450 nm. Antibodies titers were determined by applying the kits standard formula for Newcastle disease and Infectous 

Broncitous for IDVet and interpreted by using the cut-off values according to its manufacturer. Comparison of the control group with results 

from affected flocks was  done to evaluate possible immunosuppression due to the  infection(12). 

 

Molecular detection (PCR) 
Genomic DNA was extracted from frozen tissue samples (liver, sciatic nerve, and spleen) using the DNeasy Blood and Tissue Kit 

(Qiagen, Germany), according to the manufacturer's instructions. The concentration and purity of the extracted DNA were quantified using 

a NanoDrop ND-2000 spectrophotometer (Thermo Fisher Scientific, USA). All DNA samples were stored at -20°C until further analysis. A 

conventional polymerase chain reaction (PCR) was performed to detect the Meq gene of Marek's Disease Virus (MDV) using a thermal 

cycler (Model T100, Bio-Rad, USA). Each 25 µL reaction mixture consisted of: 40 ng of DNA template, 12.5 µL of 2x PCR Master 

Mix(Promega, USA),and0.5 μm of each forward (5′-ATGGGACCCCTCTTACGACC-3′) and reverse (5′-GGTACCGTAGGCGTCGATGA-

3′) primer. The thermal cycling protocol was as follows: initial denaturation at 95°C for 10 minutes; 40 cycles of denaturation at 95°C for 

15 seconds, annealing at 60°C for 1 minute, and extension at 72°C for 45 seconds; followed by a final extension at 72°C for 5 minutes. 

Each PCR run included a positive control (MDV-positive DNA) and a negative control (nuclease-free water) to ensure the validity of the 

amplification. 

 

The PCR products were then separated by electrophoresis on a 1.5% agarose gel prepared in Tris-Acetate-EDTA (TAE) buffer. A 

5 µL aliquot of each sample was mixed with 1 µL of 6x loading dye and loaded into the gel wells alongside a 100 bp DNA ladder (Thermo 

Fisher Scientific, USA). Electrophoresis was carried out at a constant voltage of 100 V for 45 minutes. The gel was stained with GelRed 

(Biotium, USA) and visualized under UV light using a gel documentation system (Gel Doc EZ, Bio-Rad, USA). A sample was considered 

positive for MDV if a clear band corresponding to the expected amplicon size of approximately 620 bp was observed(13). 
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Statistical Analysis 
A statistical analysis of SPSS v26.0 (IBM Corp., USA) was undertaken. Comparison of groups’ antibodies titers and PCR positivity 

rates were determined with one-way ANOVA, followed by Tukey’s post-hoc test. A p-value < 0.05 was statistically significant. Chi squared 

(𝜒2) test was used analyze the data of gross lesion scores (using the microscope) and mortality at P<0.05. 

 

Ethical approval 
Animal research followed all guidelines established by the Animal Care and Use Committee of the College of Veterinary Medicine 

at University of Baghdad. Under Protocol Number P.G.9, dated 15/2/2023, the research protocol received approval from authorities who 

ensure humane treatment of all participants in experiments 

 

3. Results  
The affected birds had clinical signs such as asymmetric paralysis of one or both of the legs, ataxia, and non-ability to stand with 

some having their wings drooping and being very emaciated. These manifestations were referred in the flocks of White Lohmann as well 

as Brown Lohmann. Specifically, the Figure 1A demonstrates an example of having a Brown Lohmann bird with asymmetry paralysis, i.e. 

one leg straight up and another leg straight down, whereas Figure 1B presents a cluster of White Lohmann birds lying on floor and having 

bilateral paralysis in legs and flattening of wings. All these clinical appearances were in line with neurological impairment that was related 

to Marek disease. 

 Organomegaly and lymphoproliferative were observed through gross pathological examination on the affected birds. Enlargement 

of liver was found in 90 %of both white and Brown Lohmann birds. The enlargement of spleen was found in 85 percent of White and in 90 

percent of Brown Lohmann birds, and enlargement of the kidney was sighted on 80 percent and 85 percent of the animals of these groups 

correspondingly. The prevalence of the swelling of the Sciatic nerve in Brown Lohmann (80%) was higher as compared to that of white 

Lohmann (75%). In White Lohmann, 90 percent have muscle atrophy, and in Brown Lohmann, this number was 95 percent. The control 

group did not show gross lesions (Table 1). There was no significant difference (p > 0.05) between the flocks of White and Brown Lohmann 

in the frequency of entrails affected by the lesions, which means that both of the breed were presented to all the pathological effects of 

MDV in equal numbers. Statistically both the groups affected had lesions as zero percent in control group (p < 0.001). This illustrates the 

specificity of results to MDV infection. Such oncogenic and neurotropic behavior of MDV strain is grounded on the high rates of 

organomegaly and dilation of the nerve. These lesions are graphically verified in Figure 2 (A). swollen sciatic nerves have lost their 

striation; B represents irregular enlargement, C epicardial lymphoid nodules and F diffuse liver nodules that interfere with normal 

architecture typical of visceral lymphomatosis. Such gross and clinical evidence together with an attestation of statistical evidence gives a 

good indication of a visceral Marek disease caused by a strain of MDV which may be highly virulent in being capable of over-riding the 

vaccine-induced immunity in both layer  breeds (Figure 3). 

 

Table 1.Gross lesion frequency infected and Control Groups 

Lesion White Lohmann (n=100) 
Brown Lohmann 

(n=100) 
Control Group (n=100) 

Liver enlargement 90 (90%) 90 (90%) 0 (0%) 

Spleen enlargement 85 (85%) 90 (90%) 0 (0%) 

Kidney enlargement 80 (80%) 85 (85%) 0 (0%) 

Sciatic nerve swelling 75 (75%) 80 (80%) 0 (0%) 

Atrophic muscle 90 (90%) 95 (95%) 0 (0%) 

 

The Chi-square test was used to determine the frequencies of gross lesions between the three groups. All the lesion types 

showed statistically significant difference (p < 0.05) between the groups of flocks infected and the control group. Nevertheless, the majority 

of lesions did not differ significantly (p ≥ 0.05) between White Lohmann and Brown Lohmann except atrophic muscle where the frequency 

of lesions was significantly higher in Brown Lohmann (p < 0.05). These results were supported by post-hoc analysis by the use of Tukey 

HSD. 
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Figure 1.Clinical signs of Marek’s disease in commercial layer chickens. A: symptom of characteristic Brown Lohmann 

asymmetric paralysis with one leg stretched forward and another backward with wing droop.  B: Group of White Lohmann chickens 

presenting like asymmetric paralysis of the legs and holding themselves down on the floor. Pest affected birds manifest as loss of 

coordination, inability to stand and wing drooping.  

 

 
Figure 2. Pathological gross lesions in different organs of commercial chicken 

 

experiencing Marek’s disease. C: Heart with diffuse white spots on the epicardial layer resulted from lymphoid infiltration (black 

arrows). D: Kidneys with marked enlargement and mottling appearance with multifocal lymphoid nodules replacing normal parenchyma 

(black arrows). E: Lungs which presented diffuse whitish nodular lesions suggestive of neoplastic lymphoid infiltration (black arrows) 

compromising respiratory function. F: Liver with multiple large abdominal whitish nodules (black arrow) scattered within the hepatic tissue, 

representing pathologically normal architecture as with advanced visceral lymphoma. 
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Figure 3. Visceral pathological lesion in organs of layer chickens with Marek’s disease. A: Ovary in which there was severe 

enlargement with multiple whitish nodular lymphoid tumors which replaced the normal ovarian tissues (black arrows). B: Spleen with 

diagnostically important multifocal to coalescing whitish nodules (black arrows) suggestive of widespread lymphomatous infiltration. C: 

Proventriculus and adjacent viscera with large neoplastic nodules (black arrows) are seen along the serosal surfaces and mesolithic 

tissues. D: Intestines with congested and hemorrhagic serosal level (black arrows) with systemic involvement with severe vascular 

compromise because of Marek’s disease. E: Liver and spleen with generalized tumor nodules (black arrows) having distorted organ 

architecture typical of the visceral form of Marek’s diseas 

As revealed by the ELISA, the two variants of NDV and IBV lowered the occurrence of the antibodies titers statistically (Tukey 

HSD, p < 0.05) in infected birds as compared to those in the control group. In particular, NDV antibody titer was the highest in the control 

group, and it was much higher than those in the infected White Lohmann and Brown Lohmann groups. The number of NDV titer titers 

showed no significant differences between the two infected groups. Similarly, IBV antibody titers were significantly higher in the control 

group compared to both infected White Lohmann and Brown Lohmann birds. Furthermore, no significant difference was observed between 

the two infected groups. (Table 2). 

Tukey HSD results showed that there was significant difference (p<0.001) between the control and the two infected groups in 

terms of NDV and IBV antibody titers. No significant differences (p>0.05) were however found between White Lohmann and Brown 

Lohmann chickens. 

 

Table 2. Comparison of NDV and IBV antibody titers (Mean ± SD) among groups (Tukey HSD, p < 0.05) 

Group 
NDV Antibody Titer 

(Mean ± SD) 

IBV Antibody Titer 

(Mean ± SD) 

Control Group 8650 ± 520 a 7800 ± 480 a 
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White Lohmann (infected) 5100 ± 430 b 4300 ± 390 b 

Brown Lohmann 

(infected) 
4700 ± 410 b 4000 ± 370 b 

Note: Groups sharing the same letter are not significantly different; different letters indicate p < 0.05, and the HSD value 382  

(Tukey HSD). 

Histopathological showed that the incidence of lymphoid tumour infiltrations was significantly increased in all the tested organs 

(proventriculus, lung, heart, liver, and spleen) in both White Lohmann birds and Brown Lohmann birds than in the control group (p < 0.001, 

Tukey HSD). The lesions were again characteristic of the affected birds with 85 to 95 percent of the birds showing the same harboring the 

lesions as compared to all control birds that showed no lesions. Superscript letters denote that there is no significant difference (p > 0.05) 

between the infected groups in terms of the frequencies of lesions in all the organs, meaning that both the breeds have a similar 

histopathological reaction to MDV infection. Conversely, the comparison between the control and the infected groups in the assessed 

tissues was significantly different  important directional ninety five percent of the comparison between the control and the infected groups 

in the assessed tissues was significantly different. These results have given solid statistical evidence to the pathological role of the Marek 

disease virus to cause the extensive lymphoproliferative lesions even irrespective of breed origins. (Table 3). 

There were highly significant differences (p < 0.05) between the infected groups and control group in all gross lesions (Table 1) 

and histopathological lesions (Table 3). The HSD post-hoc test by Tukey established that the control group was significantly different to 

both infected groups, and there were no significant differences between White Lohmann and Brown Lohmann chickens, other than 

atrophic muscle where Brown Lohmann had a slightly higher prevalence . Likewise, the mean of NDV and IBV antibody titer were 

significantly lower (p < 0.05) in both the infected groups as compared to the control group (Table 2). Tables 1, 2 and 3 have included all the 

p-values and HSD to maintain statistical clarity and transparency. 

 

Table 3. Histopathological lesions : frequency in affected and control groups 

Organ 

Histopathologi

cal Lesions (White 

Lohmann, n=100) 

Histopathologi

cal Lesions (Brown 

Lohmann, n=100) 

Control Group 

(n=100) 

Proventriculus 95(95%)a 95 (95%)a 0 (0%)b 

Lung 85 (85%)a 85 (90%)a 0 (0%)b 

Heart 90 (90%)a 95 (95%)a 0 (0%)b 

Liver 90 (90%)a 90 (90%)a 0 (0%)b 

Spleen 95 (95%)a 95 (95%)a 0 (0%)b 

Note: Different letters indicate significant differences between groups (p < 0.05); same letters mean no significant difference,  and 

the HSD value = 1.89 (Tukey HSD). 

Figure 4, 5, 6, 7 at 4x, 10x, 20x, 40x Magnification, the histopathological examination of the proventriculus under low and high-

power microscopy revealed dense infiltration by lymphoid tumor cells interchanging normal glandular tissues. The sheets of sheets of 

neoplastic lymphocytes rendered the proventricular architecture inscrutable and destroyed the glandular parenchyma and normal epithelial 

elements. This lesion represents a visceral type of Marek’s disease in which MDV-infected T-cells proliferate without control, invade 

epithelial and lymphoid organs. Being lymploid associated tissues rich, the proventriculus is a known target for lymphomagenesis induced 

by MDV. These conclusions showed that multifocal tumor development outside the usual nervous form had occurred due to the virus. 
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Figure 4. Proventriculus. This section showed dense lymphoid tumor cells infiltrate(black arrows) that effaced most of the proventriculus 
glands with loss of parenchyma through proventriculus glandular tissue. 4x. H&E. 

Figure 5. Proventriculus. This section showed dense lymphoid tumor cells infiltrate (black arrow) that effaced most of the proventriculus 
glands with loss of parenchyma through proventriculus glandular tissue. 10x. H&E. 

Figure 6. Proventriculus. This section showed dense lymphoid tumor cells infiltrate(black arrow) that effaced most of the proventriculus 
glands with loss of parenchyma through proventriculus glandular tissue.. 20x. H&E. 

Figure7.Proventriculus. This section showed massive infiltration of lymphoid tumor cells(black arrow) in the necrotic glandular 

tissue with remnant of proventriculus glands. 40x. H&E 
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Figure 8, 9. 10, 11 at 4x, 10x, 20x, 40x magnification, in the lung sections mentioned, there were massive lymphoid tumor cell 

infiltration in the atria and parabronchial tissues with destruction of normal pulmonary architecture. The infiltrates squeezed and displaced 

air capillaries, crippling lung integrity to such a degree. These pulmonary lesions explain the clinical presentation of respiratory adversity as 

well as poor rates of oxygen exchange clinically. Marek’s disease virus could spread hematogenously to the lungs, and lymphoid 

proliferation within pulmonary tissue will affect respiratory function. Like other visceral organs, the lungs function as secondary sites of 

tumor dissemination. 

Figure 8. Lung. This section showed massive lymphoid tumor cells infiltrate(black arrow) the pulmonary parenchyma mainly in atria and 
parabronchial tissue with severe disruption of pulmonary tissue. 4x. H&E. 

Figure 9. Lung. This section shows massive lymphoid tumor cells infiltrate(black arrow) the pulmonary parenchyma mainly in atria and 

parabronchial tissue with severe disruption of pulmonary tissue .10x. H&E. 

Figure 10. Lung. This section shows massive lymphoid tumor cells infiltrate(black arrow) the pulmonary parenchyma mainly in atria and 
parabronchial tissue with severe disruption of pulmonary tissue. 20x. H&E. 
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Figure 11. Lung. This section shows massive lymphoid tumor cells infiltrate(black arrow) the pulmonary parenchyma mainly in atria and 
parabronchial tissue with severe disruption of pulmonary tissu .40x. H&E. 

 
Figure 12, 13, 14 at 10x, 20x, 40x magnification. Biopsies of the heart by microscopy showed infiltration of the lymphoid tumor 

cell between myocardial fibers with focal necrosis and myofiber degeneration. The neoplastic cells altered the striated pattern of cardiac 

muscle. The myocardial involvement is the infiltrative performance of MDV induced lymphomas into the mesenchymal tissues. It was this 

cardiac invasion that accounts for arrhythmias or heart failure signs sometimes observed in late stage cases of Marek’s disease. Lymphoid 

proliferation replaces-cardiac tissue rendering it non-functional hence contractility is compromised. 

 
Figure 12. Heart. This section showed massive lymphoid tumor cells infiltrate(black arrow) myocardial fibers(red arrow) with evidence of 

severe muscle destruction. 10x. H&E. 

Figure 13. Heart. This section shows massive lymphoid tumor cells infiltrate(black arrow) myocardial fibers(red arrow) with evidence of 
severe muscle destruction.  20x. H&E. 

Figure 14. Heart.  This section shows massive lymphoid tumor cells infiltrate(black arrow) myocardial fibers(red arrow) with evidence of 
severe muscle destruction. 40x. H&E. 
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Figure 15, 16 at 20x, 40x magnification, the liver sections showed diffuse infiltration of the lymphoid tumor cells that replaced the 

hepatic cords with atrophy of the hepatocytes and sinusoidal collapse. These hepatic changes were the signature of visceral Marek’s 

disease and what it means for MDV to be oncogenic in the liver. Hepatic tumor infiltration might blister liver function and metabolism 

leading to emaciated bird with poor body condition. 

 
Figure 15. Liver. This section showed massive lymphoid tumor cells infiltrate(black arrow) liver parenchyma with marked atrophic hepatic 

cords(red arrow).  20x. H&E. 

Figure 16. Liver. This section shows massive lymphoid tumor cells infiltrate(black arrow) liver parenchyma with marked atrophic hepatic 
cord(red arrow)..  40x. H&E. 

 

Figure 17, 18, 19 at 10x, 20x, and 40x magnification, histological examination of the spleen revealed near complete replacement 

of normal splenic lymphoid tissue and red pulp of neoplastic lymphoid cells. The spleen was a major target for MDV-induced tumor 

formation, because it was an important lymphoid organ. Loss of normal lymphoid architecture was a surrogate marker of functional 

immunosuppression, reflective of the low antibody titers to NDV and IBV in serological assays. This spleen destruction interferes with bird’s 

ability to mount protective immune responses. 

 
Figure 17. Spleen. This section shows massive lymphoid tumor cells infiltrate(black arrow) that replaced splenic lymphoid tissue and red 

pulp.10x. H&E. 
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Figure 18. Spleen. This section shows massive lymphoid tumor cells infiltrate(black arrow) that replaced splenic lymphoid tissue and red 
pulp. 20x. H&E. 

Figure 19. Spleen. This section showed massive lymphoid tumor cells infiltrate(black arrow) that replaced splenic lymphoid tissue. 40x. 
H&E. 

 

PCR analysis targeting the Meq gene of Marek's disease virus (MDV) revealed an infection prevalence of 100% in both the White 

and Brown Lohmann groups, whereby out of 100 tested samples of each group, the corresponding PCR products were identified. 

Conversely, the amplification was not found in any of the samples of the control group. Agarose Gel electrophoresis successfully 

demonstrated  amplicon size of 620base pairs with all positive samples portraying an apparent single amplicon at the expected size of 620 

base pairs with regards to the Meq gene. The control group did not also show any bands, which also confirms the specificity of the assay 

and the healthy birds in the absence of MDV.Table 4. 

Table 4. Detection of the Meq gene of Marek’s disease virus (MDV) from tissue samples and feather swabs which were pooled 

together (meaning each sample represents the feather swabs, tissue samples of liver, sciatic nerve, and spleen of one chicken) by PCR 

and confirmation by agarose gel electrophoresis (620 bp). 

 

Group 

Number of 

Positive Samples from 

birds 

Positivity Rate 

of carrying the Meq gene 

(%) 

expected 

Band Size (bp) 

White Lohmann 100 100% 620 bp 

Brown Lohmann 100 100% 620 bp 

Control Group 0 0% - 

 

4. Discussion  

Central Finding 
This study confirmed the presence of very virulent plus (vv+) MDV infection in vaccinated Brown and White Lohmann layer flocks 

in Basra, Iraq, demonstrating potential vaccine escape and breed-associated differences in susceptibility. 
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1. Clinical and Pathological Findings 
The clinical signs, including asymmetric paralysis, wing drooping, progressive emaciation, and elevated mortality, correspond 

closely with classical manifestations of MD (14-16). Gross lesions, such as hepatosplenomegaly, kidney enlargment, and sciatic nerve 

swelling, were observed in over 85% of affected birds, with Brown Lohmann exhibiting slightly higher morality and incidence of nerve 

lesions than White Lohmann(17-19). These findings mirror observations from neighboring regions, including Turkey and Iran, where layer 

breeds displayed greater clinical severity and morality when infected with vv+ MDV strains (20-22). 

2.  

3. Histopathological Correlation 
Microscopic analysis revealed widespread lymphoid tumor infiltration across multiple organs, including the proventriculus, lungs, 

heart, liver, and spleen, with near-complete replacement of splenic lymphoid tissue and red pulp(23). These lesions highlight the 

lymphotropic and neurotropic nature of MDV and correlate with the observed reduction in antibody titers against NDV and IBV, reflecting 

the immunosuppressive effect mediated by the Meq oncoprotein(24,25,). The slightly greater lymphoid infilitration in Brown Lohmann birds 

may reflect brees-specific genetic variation in immune response, particularly differences in major histocompatibility complex (MHC) alleles, 

which modulate T-cell mediated control of viral replication (26-28,). 

 

4. Molecular Confirmation 
PCR detection of the Meg gene in all infected birds confirmed the circulation of highly pathogenic vv+ MDV strains, consistent with 

reports of emerging variants capable of overcoming HVT-based vaccine protection (29-31,). These molecular findings reinforce the 

pathological observations, linking the presence of virulent MDV strains to tumor formation, lymphoid depletion and immunosuppression in 

the affected flocks. 

 

5. Comparative Susceptibility Between Birds 
Brown Lohmann birds exhibited slightly higher mortality and lower antibody titers than White Lohmann birds, suggesting greater 

field susceptibility. This may be attributed to breed-specific MHC variation affecting antiviral immune responses, as well as environmental 

factors such as stress, management practices, or nutrition, which can modulate immune competence. These results align with previous 

studies reporting breed-associated differences in MD outcomes and Meq gene expression (32-35,) 

 

6. Field Implications and Control Strategy 
The persistence of vv+ MDV in vaccinated flocks underscores the limitations of current HVT- based vaccines under field 

conditions. Continuous molecular surrveilience, rigorous evaluation of vaccine efficacy, and enhances biosecurity protocols are critical to 

mitigate MDV spread(36-38). Layer flocks, due to their longer lifespan and stronger immune responses, require targeted adaptive 

vaccination strategies to limit the impact of highly virulent strains and maintain production performance (39- 42) 

 

5. Conclusion 
This study demonstrates  that Marek’s disease virus (MDV) continues  to represent a significant threat to commercial layer flocks 

in the Basra region, even among vaccinated populations. The integration of clinical, pathological, histopathological, serological, and 

molecular evidence provides compelling confirmation of the circulation of a highly virulent and immunosuppressive MDV strain capable of 

circumventing vaccine-induced protection. These findings emphasize the critical importance of ongoing molecular surrveilance, rigorous 

evaluation of vaccine performance, and the implementation of enhanced biosecurity protocols to effectively mitigate the re-emergence and 

transmission of MDV within poultry production systems. Brown Lohmann birds exhibited slightly higher mortality and lower antibody titers 

than White Lohmann birds, suggesting greater field susceptibility 

 

Acknowledgment 
I would like to extend my sincere appreciation to our esteemed institution, the College of Veterinary Medicine, University of 

Baghdad, for providing us with the facilities and support necessary to carry out this research. I am also deeply grateful to all colleagues 

and associates whose contributions and assistance were invaluable in the completion of this work. 

 

 

 



98 Al-Alwani T. et al.: Pathological and Molecular Investigation of Marek’s Disease in Brown… 

 

 

Financial support and sponsorship 
Nil. 

Conflicts of interest 
There are no conflicts of interest. 

 

References  
Isabelle G, Damien C, Srdan P, Sylvie L, Denis R, Benoit M. Marek's disease: Genetic regulation of gallid herpesvirus 2 infection and 

latency, The Vet J.2015 ;205(3):339-348. ,https://doi.org/10.1016/j.tvjl.2015.04.038. 

Teng M, Yu ZH, Zhao P, Zhuang GQ, Wu ZX, Dang L, etal . Putative roles as oncogene or tumour suppressor of the Mid-clustered 
microRNAs in Gallid alphaherpesvirus 2 (GaHV2) induced Marek’s disease lymphomagenesis. J. Gen. Virol. 2017 
May;98(5):1097-112.https://doi.org/10.1099/jgv.0.000786 

Bao C, Chu J, Gao Q, Yang S, Gao X, Chen W, etal. Marek’s disease virus-1 unique gene LORF1 is involved in viral replication and MDV-
1/Md5-induced atrophy of the bursa of Fabricius. PLoS Pathog. 2025;21(2):e1012891. 
https://doi.org/10.1371/journal.ppat.1012891   

Dai J, Song C, Tan L, Sun Y, Tang N, Qu Y, etal  Onset and long-term duration of immunity provided by a single vaccination with 
recombinant a Marek's disease virus with REV-LTR insertion. Front Vet Sci. 2024 Dec 13;11:1510834. doi: 
10.3389/fvets.2024.1510834. PMID: 39735581; PMCID: PMC11681624. 

Heidari M, Wang D, Sun S. Early immune responses to Marek’s disease vaccines. Viral Immunol. 2017;30(3):167-177. 
https://doi.org/10.1089/vim.2016.0126 

Dong K, Chang S, Xie Q, Black-Pyrkosz A, Zhang H. Comparative transcriptomics of genetically divergent lines of chickens in response to 
Marek’s disease virus challenge at cytolytic phase. PLoS ONE. 2017;12(6):e0178923. 
https://doi.org/10.1371/journal.pone.0178923 

Ding Y, Dunn J, Zhang H, Zhao K, Song J. Comparative transcriptomic analysis of chicken immune organs affected by Marek's disease 
virus infection at latency phases. Front Physiol. 2025;16:1520826.  10.3389/fphys.2025.1520826 

Najem HA. Clinical, Pathological and Molecular Study of Marek’s Disease in the Gallus gllus Domesticus and Brahma Chickens of Basra 
Province, Iraq. Egyptian Journal of Veterinary Sciences. 2021;52(1):63-71. DOI: 10.21608/ejvs.2020.39336.1187  

 Emad A, El-Kenawy AA, El-Tholoth M. Molecular characterization of Marek's Disease virus reveals reticuloendotheliosis virus-long 
terminal repeat integration in the genome of the field isolates in Egypt. Poult Sci. 2024 Jun;103(6):103722. doi: 
10.1016/j.psj.2024.103722. Epub 2024 Apr 6. PMID: 38626691; PMCID: PMC11036097. 

Ike AC, Ononugbo CM, Obi OJ, Onu CJ, Olovo CV, Muo SO,etal. Towards improved use of vaccination in the control of infectious 
bronchitis and Newcastle disease in poultry: understanding the immunological mechanisms. Vaccines. 2021 Jan 4;9(1):20. 
https://doi.org/10.3390/vaccines9010020 

Faiz NM, Cortes AL, Guy JS, Fogle JE, Gimeno IM. Efficacy of various Marek's disease vaccines protocols for prevention of Marek's 
disease virus-induced immunosuppression. Vaccine. 2016 Jul 29;34(35):4180-4187. doi: 10.1016/j.vaccine.2016.06.061. Epub 
2016 Jun 28. PMID: 27371103. 

Li H, Ge Z, Luo Q, Fu Q, Chen R. A highly pathogenic Marek’s disease virus isolate from chickens immunized with a bivalent vaccine in 
China. Archives of Virology. 2022;167(3):861–870. https://doi.org/10.1007/s00705-021-05355-w 

Wu S, Ding T, Shao H, Qian K, Ye J, Qin A. A quadruplex real-time PCR assay combined with a conventional PCR for the differential 
detection of Marek's disease virus vaccines and field strains. Front Vet Sci. 2023 May 12;10:1161441. doi: 
10.3389/fvets.2023.1161441. PMID: 37252401; PMCID: PMC10213282. 

Biswas D, Ruba T, Yasmin A, Nazneen MR, Hossain MM, Khan MA. Pathological investigation of Marek’s disease in a pullet farm of 
Bangladesh and detection of Marek’s disease virus by pcr. SAARC Journal of Agriculture. 2018 Aug 16;16(1):181-
92.https://doi.org/10.3329/sja.v16i1.37433 

https://doi.org/10.1099/jgv.0.000786
https://doi.org/10.1371/journal.ppat.1012891
https://doi.org/10.1089/vim.2016.0126
https://doi.org/10.1371/journal.pone.0178923
https://doi.org/10.3390/vaccines9010020
https://doi.org/10.1007/s00705-021-05355-w


99 LETTERS IN BIOMATHEMATICS 

 

 

Kaboudi K, Mkadem E, Amara A. Prevalence, Gross Pathology, and Histopathology of Marek’s Disease in Backyard Chickens in 
Northeastern Tunisia. Journal of WPR. 2025;15(1):81-91. https://doi.org/10.36380/jwpr.2025.8 

Wen Y, Huang Q, Yang C, Pan L, Wang G, Qi K , etal. Characterizing the histopathology of natural co-infection with Marek's disease virus 
and subgroup J avian leucosis virus in egg-laying hens. Avian Pathol. 2018 Feb;47(1):83-89. doi: 
10.1080/03079457.2017.1375079. Epub 2017 Sep 25. PMID: 28859493. 

Gamal MA, El-Keredy A, Elhamshary A, etal. Molecular discernment and histopathological features of Marek’s disease virus infection in 
field cases of poultry in Egypt. Scientific Reports. 2025;15:98196. https://doi.org/10.1038/s41598-025-98196-5  

 

Abd-Ellatieff HA, Abou Rawash AA, Ellakany HF, Goda WM, Suzuki T, Yanai T. Molecular characterization and phylogenetic analysis of a 
virulent Marek’s disease virus field strain in broiler chickens in Japan. Avian Pathology. 2018 Jan 2;47(1):47-57. 
https://doi.org/10.1080/03079457.2017.1362497 

Bertzbach LD, Conradie AM, You Y, Kaufer BB. Latest insights into Marek’s disease virus pathogenesis and tumorigenesis. Cancers 
(Basel). 2020;12(3):647. DOI: 10.3390/cancers12030647 

Haq K, Schat KA, Sharif S. Immunity to Marek’s disease: where are we now? Dev Comp Immunol. 2013;41(3):439–446. 
https://doi.org/10.1016/j.dci.2013.04.001  

Yang Y, Dong M, Hao X, Qin A, Shang S. Revisiting cellular immune response to oncogenic Marek's disease virus: the rising of avian T-
cell immunity. Cell Mol Life Sci. 2020 Aug;77(16):3103-3116. doi: 10.1007/s00018-020-03477-z. Epub 2020 Feb 20. PMID: 
32080753; PMCID: PMC7391395. 

Fan W, Zeng X, Chen Y, Yu Q, Zhang Z, etal. A recombinant Marek's disease vaccine candidate provides complete protection against 
infectious bursal disease virus and H9 subtype avian influenza virus in chickens. J Virol. 2025 Sep 11:e0114925. doi: 
10.1128/jvi.01149-25. Epub ahead of print. PMID: 40932249. 

Hassanin O, Abdallah F, El-Araby IE. Molecular characterization and phylogenetic analysis of Marek's disease virus from clinical cases of 
Marek's disease in Egypt. Avian Dis. 2013 Jun;57(2 Suppl):555-61. doi: 10.1637/10337-082912-Reg.1. PMID: 23901775 

Ajithdoss DK, Liao Y, Reddy SM, Lupiani B. Marek’s Disease Virus (MDV) Meq Oncoprotein Plays Distinct Roles in Tumor Incidence, 
Distribution, and Size. Viruses. 2025;17(2):259. https://doi.org/10.3390/v17020259 

 

Zhu ZJ, Teng M, Liu Y, Chen FJ, Yao Y, Li EZ, Luo J. Immune escape of avian oncogenic Marek's disease herpesvirus and antagonistic 
host immune responses. NPJ Vaccines. 2024 Jun 15;9(1):109. doi: 10.1038/s41541-024-00905-0. PMID: 38879650; PMCID: 
PMC11180173. 

Wu C, Gan J, Jin Q, Chen C, Liang P, etal, Davison F. Revaccination with Marek's disease vaccines induces productive infection and 
superior immunity. Clin Vaccine Immunol. 2009 Feb;16(2):184-93. Doi: 10.1128/CVI.00201-08.  

Gurung A, Kamble N, Kaufer BB, Pathan A, Behboudi S. Association of Marek's Disease induced immunosuppression with activation of a 
novel regulatory T cells in chickens. PLoS Pathog. 2017 Dec 21;13(12):e1006745. doi: 10.1371/journal.ppat.1006745. PMID: 
29267390; PMCID: PMC5739506. 

Davison TF, Nair VK. Use of Marek’s disease vaccines: could they be driving the virus to increasing virulence? Expert Rev Vaccines. 
2005;4(1):77–88. 10.1586/14760584.4.1.77 

Read AF, Baigent SJ, Powers C, Kgosana LB, Blackwell L, Smith LP,etal. Imperfect vaccination can enhance the transmission of highly 
virulent pathogens. PLoS Biol. 2015;13(7):e1002198. DOI:10.1371/journal.pbio.1002198 

Li K, Liu Y, Xu Z, Zhang Y, Luo D,etal. Avian oncogenic herpesvirus antagonizes the cGAS-STING DNA-sensing pathway to mediate 
immune evasion. PLoS Pathog. 2019 Sep 20;15(9):e1007999. doi: 10.1371/journal.ppat.1007999. PMID: 31539404; PMCID: 
PMC6799934. 

https://doi.org/10.36380/jwpr.2025.8
https://doi.org/10.1080/03079457.2017.1362497
https://doi.org/10.1016/j.dci.2013.04.001
https://doi.org/10.3390/v17020259


100 Al-Alwani T. et al.: Pathological and Molecular Investigation of Marek’s Disease in Brown… 

 

 

Wannaratana S, Prakairungnamthip D, Tunterak W, Charoenvisal N, Limpavithayakul K, Areeraksakul P,etal. Pathogenicity and 
transmissibility of Marek's disease virus isolated from chickens in Thailand. Poult Sci. 2025 Oct;104(10):105519. doi: 
10.1016/j.psj.2025.105519. Epub 2025 Jul 3. PMID: 40633314; PMCID: PMC12275103. 

Trimpert J, Groenke N, Jenckel M, He S, Kunec D, Szpara ML, etal. A phylogenomic analysis of Marek’s disease virus reveals 
independent paths to virulence in Eurasia and North America. Evol Appl. 2017;10(9):1091–1101. 10.1111/eva.12515 

Osterrieder N, Kamil JP, Schumacher D, Tischer BK. Marek’s disease virus: from miasma to model. Nat Rev Microbiol. 2006;4(4):283–294. 
DOI 10.1038/nrmicro1382 

Atkins KE, Read AF, Savill NJ, Renz KG, Islam AF, Walkden-Brown SW, Woolhouse ME. Vaccination and reduced cohort duration can 
drive virulence evolution: Marek's disease virus and industrialized agriculture. Evolution. 2013;67(3):851-860. 10.1111/j.1558-
5646.2012.01803.x 

Dunn JR, Silva RF. Ability of MEQ-deleted MDV vaccine candidates to adversely affect lymphoid organs and chicken weight gain. Avian 
Diseases. 2012;56(3):494-500. https://doi.org/10.1637/10062-011812-Reg.1 

Reddy SM, Izumiya Y, Lupiani B. Marek's disease vaccines: Current status, and strategies for improvement and development of vector 
vaccines. Vet Microbiol. 2017 Jul;206:113-120. doi: 10.1016/j.vetmic.2016.11.024. Epub 2016 Nov 24. PMID: 28038868. 

Nair VK. Evolution of Marek’s disease—a paradigm for incessant race between the pathogen and the host. Vet J. 2005;170(2):175–183. 
10.1016/j.tvjl.2004.05.009 

Ralapanawe S, Walkden-Brown SW, Renz KG, Islam AF. Protection provided by Rispens CVI988 vaccine against Marek's disease virus 
isolates of different pathotypes and early prediction of vaccine take and MD outcome. Avian Pathol. 2016;45(1):26-37. doi: 
10.1080/03079457.2015.1110850. PMID: 26503904. 

Shimizu M, Nii T, Isobe N, Yoshimura Y. Effects of avian infectious bronchitis with Newcastle disease and Marek's disease vaccinations on 
the expression of toll-like receptors and avian β-defensins in the kidneys of broiler chicks. Poult Sci. 2020 Dec;99(12):7092-7100. 
doi: 10.1016/j.psj.2020.08.071.  

Emad A, Yuan S, Li H. Molecular characterization of Marek’s disease virus isolates from vaccinated flocks and detection of MDV-ICP4 
gene by PCR in chicken feathers.Poult Sci. 2024;317:109760.  doi: 10.1016/j.psj.2024.103722 

He L, Li J, Zhang Y, Luo J, Cao Y, Xue C. Phylogenetic and molecular epidemiological studies reveal evidence of recombination among 
Marek's disease viruses. Virology. 2018 Mar;516:202-209. doi: 10.1016/j.virol.2018.01.019. 

Witter RL. Increased virulence of Marek's disease virus field isolates. Avian Dis. 1997 Jan-Mar;41(1):149-63. PMID: 9087332. 

 

 

https://doi.org/10.1016/j.psj.2024.103722

