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 The simultaneous development of hemangiomas and myelocytomas was 
confirmed in 10,000 green-shelled-egg chickens (135 days old) and 7000 local 
Chai chickens (165 days old), which were raised on a farm in Jining city, China. 
Gross observations showed that the abdominal cavity was filled with dark red 
blood. Also, severe enlargement of the liver and spleen and development of 
hematomas of various sizes and multifocal gray-white nodules were discovered. 
The surfaces of the lungs, kidneys, and pancreas also exhibited hematoma 
formation. Furthermore, the capsule cavity was expanded and filled with 
erythrocytes and myelocytes. Basophilic cytoplasm and lopsided nuclei were 
observed in these organs by histopathological examination. Similarly, numerous 
myelocytes with basophilic cytoplasm, lopsided nuclei, and clusters of 
thrombocyte were observed on blood smears. The number of lymphocytes and 
mean platelet (PLT) volume were significantly increased and the PLT count 
was decreased compared with normal chickens. Two liver tissue samples 
extracted from diseased chickens and one cloacae swab sample collected from 
each flock were inoculated onto DF-1 cells to isolate ALV-J. The presence of 
ALV-J was confirmed by p27 antigen detection using an enzyme-linked 
immunosorbent assay and indirect immunofluorescent assay with monoclonal 
anti-ALV-J antibodies. PCR with a specific 946-bp gp85 fragment showed that 
both flocks were positive for ALV-J and negative for ALV-A, ALV-B, ALV-E, 
Marek’s disease virus, and reticuloendotheliosis virus. Evolutional and 
phylogenetic analysis of the amino acid sequence showed that the homology 
between the three isolated ALV strains reached 99.4% and shared 88.0%–
91.3% homology with the GD0510 and GD0512 isolates obtained from 
“yellow” chickens, and 89%-93.9% identity with eight domestic ALV-J 
reference strains isolated from white feather broilers. Compared with four 
international reference strains, the three different viruses shared higher 
homology (96.5%–96.8%) with the ALV-J prototype strain HPRS-103, which 
belonged to the same branch. This is the first study to demonstrate the 
formation of hemangiomas and myelocytomas induced by ALV-J infection in 
green-shelled-egg chickens and Chai chickens bred on the same farm. 
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INTRODUCTION 

 
The avian leukosis virus (ALV) is a member of the α-

Retrovirus genus of the Retroviridae family and is divided 
into ten subgroups (A-J) according to host range, viral 
envelope  interference  between   different  strains  in  cell 
cultures,  and  cross-neutralization  patterns. Among these, 
 
#The two authors equally contribute to this article 

subgroup J is the most detrimental to the poultry industry, 
as infection with this subgroup causes enormous 
economic losses worldwide due to immune suppression 
and development of tumors, such as myelocytomas, 
erythroblastosis, hemangiomas, nephromas, and sarcomas 
(Payne, 1999). In 1989, the ALV-J prototype HPRS-103 
was isolated from meat-type chickens in the UK by Payne 
et al. (1991) and since then, this virus has been detected 
worldwide. In China, ALV-J infection of meat-type 
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chickens, which predominantly promotes the development 
of myelocytomas (Zhang, 2002a, b) was first reported by 
Yan Huang et al. in 1999. However, the host range of 
ALV-J has expanded from meat-type chickens to egg-
laying chickens beginning in 2004. Moreover, ALV-J 
infection of layer chickens is associated with novel tumor 
type-hemangiomas (Qi et al., 2007; Xu et al., 2004; Wu et 
al., 2011) and promotes the development of a greater 
spectrum of tumors in chickens, as myelocytoma has also 
been implicated in some hemangioma cases (Cheng et al., 
2008; Sun et al., 2010). 

Layer poultry with suspected ALV-J infections were 
collected from a poultry breeding facility in Jining city, 
Shandong province, China in 2014. In addition, a total of 
10,000 135-day-old green-shelled-egg chickens were 
purchased from Henan province and 7000 165-day-old 
local Chai chickens were included for analysis. Chickens 
in these two flocks began to die off 2 weeks after 
purchase, resulting in a morbidity rate of 0.2%. The major 
clinical signs were depression, anorexia, cockscomb 
discoloration, and lassitude. After autopsy, layer hens 
consistently exhibited hepatic lesions composed of 
hematomas of various sizes and gray-white tumor nodules 
with enlargement of the liver and spleen by up to several-
fold of the normal size. Hematomas of various sizes in the 
spleen, kidney, lung, and pancreas were also observed in 
some layer chickens. To confirm and analyze the 
pathogenesis of ALV-J infection, diagnosis was 
confirmed in several cases via comprehensive analysis of 
epidemiological data, clinical signs, necrotic features, 
histopathological examinations, blood physiological 
indices, and viral isolation and identification. This is the 
first documented report of hemangioma and myelocytoma 
development caused by ALV-J infection of green-shelled-
egg chickens and Chai chickens bred on the same farm. 
 

MATERIALS AND METHODS 
 
Clinical and histopathology examinations 

The primary clinical diagnosis of diseased chickens 
was based on clinical symptoms, necropsy findings, and 
analysis of the epidemiological data. For histopathological 
analysis, tissue samples were fixed in 10% formalin, 
embedded in paraffin, and sliced into 4 µm-thick sections, 
which were then stained with hematoxylin and eosin 
(H&E) and observed under a light microscope. 
 
Detection of physiological indices in blood routine 
blood testing 

Blood was collected from 135-day-old chickens (n = 
5) and 165-day-old chickens (n = 5) into tubes containing 
0.01 mL of K2–ethylenediaminetetraacetic acid as an 
anticoagulant. The AC 900 + type automatic blood 
analyzer (SweLab, Spånga, Sweden) was used to detect 
physiological and biochemical indicators, including 
lymphocyte count, red blood count, hematocrit, platelet 
(PLT) count, and mean PLT volume. Meanwhile, blood 
samples were randomly selected for Gram staining and 
evaluation under a light microscope. 
 
Antibody test assays 

Serum was collected from 135-day-old chickens (n = 
20) and 165-day-old chickens (n = 19) for detection of 

antibodies against Newcastle disease (ND), H9, ALV-AB, 
and ALV-J using a hemagglutination inhibition (HI) assay 
and enzyme-linked immunosorbent assay (ELISA; ALV-J 
Lot: 99-09268-EH846; ALV-AB Lot: 99-09257-GH092; 
IDEXX Laboratories, Inc., Maumee, OH, USA).  
 
ALV antigen detection and virus isolation 

Thirty-one cloacae swab samples were collected and 
1 mL of phosphate-buffered saline (PBS) was added to 
each. After three freeze/thaw cycles, the supernatant was 
collected for p27 antigen detection by ELISA (Lot: 99-
09254-LJ336; IDEXX Laboratories, Inc.) to investigate 
the detoxification status through the cloacae. The 
supernatant of two liver samples and the positive cloacae 
swab samples were separately inoculated into DF-1 cells, 
incubated for 6-7 days, and then sub-cultured for another 
passage. The cell supernatants were plated and assayed for 
the group-specific antigen p27 by ELISA (Lot: 99-09254-
LJ336; IDEXX Laboratories, Inc.). The positive supernatant 
was collected and stored at -80°C for future use. 
 
Indirect immunofluorescence assay 

The P27-positive supernatant of two liver samples 
and one cloacae swab sample were inoculated into DF-1 
cells in 96-well plates and incubated for 6–7 days, washed 
three washes with PBS, fixed with cold acetone-absolute 
ethanol (6:4), washed again three times with PBS, and 
then air-dried for several minutes. The viruses were 
incubated with monoclonal anti-ALV-J antibody (dilution, 
1:300; kindly provided by Prof. Cui) for 30 min at 37� 
and then washed three times with PBS. Goat anti-mouse 
fluorescein isothiocyanate-conjugated antibody (diluted 
1:80 in PBS; Sigma-Aldrich, St. Louis, MO, USA) was 
added and the samples were incubated for 30 min at 37°C, 
washed three times, and then observed by ultraviolet 
microscopy.  
 
Gp85 gene sequence analysis 

ALV DNA was extracted from the tissue culture 
supernatant using the High Pure Viral DNA kit (Roche 
Applied Science, Penzberg, Germany) according to the 
manufacturer’s instructions. The gp85 forward (5'-
ATGGGAGTTCATCTATTGCAACAACCAG-3') and 
gp85 reverse (5'-TACTGCAGTTAGCGCCTGCTACGG 
TGGTGACC-3') primers were used for the detection and 
amplification of a 946-bp sequence of the ALV-J genome. 
Thermal cycling was performed using an initial 
denaturation step of 95°C for 5 min, followed by 30 
cycles of 95°C for 35 s, 50°C for 35 s, and 72°C for 55s, 
with a final elongation step at 72°C for 10 min. The 
positive PCR products were sequenced and then compared 
with representative ALV strain (Table 1) using DNA star 
Lasergen 6.0 software (DNASTAR, Inc, Madison, WI, USA). 
 

RESULTS 
 
Clinical symptoms and necropsy 

Button-sized, hemorrhagic, crater-shaped, ulceritive 
foci were observed behind the eyes of the chickens 
(Figure 1A). The abdominal cavities of infected chickens 
were filled with dark red fluid, which was observed 
through the abdominal wall after stripping (Figure 1B). 
Further, poorly coagulated blood was found at autopsy 
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(Figure 1C). The livers of 90% of the dead chickens were 
swollen with hematomas of various sizes (Figure 1D and 
E) and gray-white tumor nodules (Figure 1E). Splenic 
lesions were observed in a similar manner as those of the 
liver (Figure 1F). Hematomas were also observed in the 
lungs (Figures 1G and H), kidneys (Figure 1I), and 
pancreas (Figure 1J). Spotted and striated hemorrhagic 
foci were observed in the epicardium (Figure 1K) and 
intensive hemorrhagic areas were observed within the 
cranium (Figure 1L). 
 
Clinical and atopic symptoms  
Incidence of hemorrhagic internal organs 

The atopic results clearly showed that almost all 
organs exhibited hemorragic lesions, but the preeminent 
targeted organ was the liver (Table 2). 
 
Histopathological diagnosis 

Similar pathological changes of severe hemorrhaging 
and congestion of various tissues were observed by light 
microscopy. A large hematoma appeared around the 
atrophic liver (Figure 2A). Several layers of nephroid or 
ellipsoidal, hyperchromatic myelocytes with eosinophilic 
cytoplasm were observed surrounding the hemorrhages 
(Figure 2B). Diffusive infiltration of myelocytes 
completely replaced the normal hepatocytes in some 
severe samples (Figure 2C). The epithelial cells of the 
kidney tubules became degenerated and necrotic, 
accompanied with blood congestion and infiltration of 
myelocytes (Figure 2D). There were some similar 
pathological changes in the heart (Figure 2E and F). The 
main lesion of the lung was characterized by severe 
congestion (Figure 2G). Hemorrhaging of the pancreas 
with homogeneous red-staining necrotic foci was 
observed (Figure 2H). 
 
Detection of physiological indices in blood 
Routine blood testing 

As shown in Figure 3, the results from the AC 900 + 
type automatic blood analyzer showed that the 
concentrations of lymphocytes in the 135-day-old green-
shelled-egg chickens and 165-day-old Chai chickens were 
significantly higher than those of normal chickens, 
whereas the erythrocyte count tended to be lower. The 
PLT count decreased and mean PLT volume increased 
compared with the corresponding testing index of normal 
chicken flocks. 
 
Blood smear analysis 

Gram staining of blood smears revealed clusters of 
enlarged PLTs (Figure 4A). Meanwhile, numerous 
myelocytes with basophilic cytoplasm, and lopsided 
nuclei were also observed (Figure 4B). 
 
HA/HI assays 

The mean ND and H9 antibody levels of the 135-day-
old green-shelled-egg chickens were 4.60±2.28 and 
7.24±2.24, respectively, and those of the 165-day-old 
Chai chickens were 8.00±2.47 and 7.88±2.34, respectively. 
Some chickens failed to generate ND antibodies (n = 4) 
and H9 antibodies (n = 2). Moreover, one chicken each in 
the 135-day-old flock and the 165-day-old flock (Table 3) 
failed to generate ND and H9 antibodies.  

Table 1: Representative strains of every ALV subgroup 
Name Sub-

group
Origin Year Genbank 

accession no.
RSV-A A   M37980 
MQNCSU A USA   2007 DQ365814 
RSV strain 
Schmidt-Ruppin B 

B USA  1998 AF052428 

RSV-Prague C C  1977 J02342 
RSV-schmidt-
ruppin D 

D Japan 1992 D10652 

RAV-0 E   M12172 
ev-1 E USA 2001 AY013303 
0661 J USA  2000 AF247566 
4817 J USA  2000 AF247385 
ADOL-Hc1 J USA  1998 AY027920 
HRPS-103 J UK 1989 Z24390 
NX0101 J Gansu 2001 AY897227 
HN0001 J Henan 2001 AY8972719
SD9901 J Shandong  1999 AY897220 
SD9902 J Shandong  1999 AY897221
YZ9901 J Jiangsu  1999 AY897222 
SD0001 J Shandong  2000 AY897223 
SD0002 J Shandong  2000 AY897224 
SD0101 J Shandong  2001 AY897225 
SD07LK1 J Shandong  2007 EU264064
GD0510A J China 2007 EF103132 
GD0512 J China 2007 EF103133 

 
Table 2: Occurrence of hemorrhage in organs 

Organs Occurrence (%) Organs Occurrence (%) 
heart 10(1/10) kidney 10 (1/10) 
liver 90(9/10) skull 10 (1/10) 

spleen 10 (1/10) pancreas 10 (1/10) 
lung 10 (1/10)  crureus 10 (1/10) 

 
Table 3: ND and AIV-H9 antibody levels in the egg-laying 
flock 

         Antibody titer
Breed 

0 3 4 5 6 7 8 9 10 11 Mean 
value 

Green-shelled-
egg chickens 

ND 3 1 3 5 4 4     4.60±2.28
H9 1    7 3 2 5 2  7.24±2.24

Chai 
chickens 

ND 1   1  2 4 6 2 1 8.00±2.47
H9 1   1  2 6 5 1 1 7.88±2.34

 
Table 4: ELISA Results of the egg-laying flock 

          Positive rate 
 
Breed 

ALV-p27 of 
cloacae swab 

samples 

ALV-AB ALV-J 

Green-shelled-egg 
chickens 

45% 
 (9/20) 

0 
 (0/20) 

25% 
(5/20) 

Chai chickens 45.45%  
(5/11) 

0  
(0/20) 

68.4% 
(13/19) 

Normal 0  
(0/20) 

0  
(0/20) 

0 
(0/20) 

 
ELISA results 

The proportions of ALV-p27-positive cloacae swabs 
in the 135-day-old green-shelled-egg chickens and 165-
day-old Chai chickens were 45% (9/20) and 45.45% 
(5/11), respectively. The proportion ALV-J antibody-
positive blood samples from the 165-day-old Chai 
chickens was 68.4% (13/19), which was notably higher 
than those from the 135-day-old green-shelled-egg 
chickens (Table 4). 
 
Indirect immunofluorescent assay (IFA) 

The supernatant of two liver samples and 14 p27 (+) 
cloacae swab samples were separately inoculated into DF-
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Fig. 1: The results of gross lesions: (A) Button-sized, hemorrhagic, crater-shaped, ulcerative foci were observed behind the eyes of the 
chickens. (B) Dark red fluid filled the abdominal cavity. (C) Poor coagulated blood was found at autopsy. (D, E) Swelling of the liver 
with hematomas of various sizes and gray-white tumor nodules were observed. (F) Splenic lesions occurred in a similar manner as 
those of the liver. Hematomas also appeared in the lung (G, H), kidney (I), pancreas (J), and epicardium (K). (L) Intensive 
hemorrhagic areas were also observed within the cranium. 
 
1 cells, which were passaged every 6–7 days for two 
passages. The presence of ALV-J in infected cells was 
confirmed by IFA with monoclonal anti-ALV-J antibodies 
(kindly provided by Prof. Cui). 
 
ALV-J isolation and identification 

Real-time polymerase chain reaction (RT-PCR) 
results showed that only one of 14 cloacae swab samples 
(no. 32) and two liver samples (nos. 31 and 33) were 
positive for ALV-J. The amplified fragments were 946 bp 
(Figure 5) in length by RT-PCR using gp85-specific 
primers from the DF1 cell culture supernatants. 

Similarity and evolutionary analysis of Gp85 amino 
acid sequence with other representative strain. The size of 

the open reading frame of the 31gp85, 32gp85, and 
33gp85 fragments was 930 bp. The amino acid sequences 
among these fragments exhibited slight variations with 
99.4%-99.7% homology and shared 88.0%-91.3% 
homology with GD0510 and GD0512 isolated from 
“yellow” chickens, and shared 89%-93.9% identity with 
eight domestic ALV-J reference strains isolated from 
white feather broilers. Compared with four international 
reference strains, the three different virus strains shared 
higher homology (96.5%–96.8%) with the ALV-J 
prototype strain HPRS-103, which belongs to the same 
branch. Moreover, they exhibited the lowest homology 
(23.9%-27.0%) with ALV-A-E (Figure 6). 
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Fig. 2: Histopathological results. (A) Large hematomas appeared 
within the liver (HE, ×200). (B, C) Liver samples exhibiting 
diffuse infiltration of myelocytes with eosinophilic cytoplasm 
(HE, ×200). (D) Blood congestion and infiltration of myelocytes 
in the kidney (HE, ×200). (E, F) A lesion of the heart showed 
some similar pathological changes with that of kidney (HE, 
×200). (G) Severe congestion of the lung (HE, ×200). (H) 
Hemorrhaging of the pancreas with homogeneous red-staining 
necrotic foci was observed (HE, ×200). 
 

DISCUSSION 
 

We obtained 10,000 green-shelled-egg chickens (135 
days old) and 7000 Chai chickens (165 days old) from a 
farm in Jining city, Shandong province. Some chickens in 
these two flocks began to die 2 weeks ago, resulting in a 
morbidity rate of 0.2%. The major clinical signs of the 
dying chickens were depression, anorexia, cockscomb 
discoloration, and lassitude. There were some similar 
changes observed at autopsy, especially hematoma 
development. Numerous nephroid or ellipsoidal, 
hyperchromatic myelocytes with eosinophilic cytoplasm 
were observed on histopathologic slides and blood smears 
under a light microscope. A primary diagnosis of 
hemangioma and myelocytoma formation caused by 
ALV-J infection in the two flocks was made.  

To identify viral isolates, the gp85 gene was 
amplified and compared with that of a representative ALV 
strain. The results showed that amino acid homology 
between  the  three  strains  (31gp85,  isolated from hybrid  

 

 
 
Fig. 3: The partially compared results of routine blood tests. 
Lym: Lymphocytes; RBC: Red blood count; HCT: Hematocrit; 
PLT: Platelet count; MPV: Mean platelet volume. 
 
green-shelled-egg chickens and 32gp85/33gp85, isolated 
from Chai chickens) were as high as 99.4%. This high 
homology among the three isolates led us to propose two 
hypotheses: ALV-J already existed in the two flocks or 
there was horizontal/vertical transmission, which should 
be investigated in future studies. Compared with four 
international reference strains, the three isolated viruses 
shared higher homology (96.5%-96.8%) with the ALV-J 
prototype strain HPRS-103, which belonged to the same 
branch. Whether this result should be considered as 
atavism of ALV during transmission will require further 
examinations. Moreover, the three isolated strains shared 
88.0%-91.3% homology with the GD0510 and GD0512 
isolated from “yellow” broilers and 89%-93.9% homology
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Fig. 4: Blood smear results. Platelets were clustered and enlarged (A) with numerous myelocytes with basophilic cytoplasm and 
lopsided nuclei (B). 
 

 
 
Fig. 5: PCR amplification of isolated virus. “M”: Marker 
DL2000; “31”: isolated from a liver sample obtained from the 
135 d flock; “32”: isolated from the cloacae swab samples from 
the 165 d flock; “33”: isolated from the liver sample from the 
165 d flock; “-”: negative control; “+”: positive control. 
 

 
 
Fig. 6: A phylogenetic tree of the three strains and the ALV-
subgroup representative strains. ▲: UK strain, �: USA strain, ●: 
a strain isolated from yellow meat chickens. “31gp85”: isolated 
from the liver sample from the 135 d flock; “32 gp85”: isolated 
from the cloacae swab samples from the 165 d flock; “33 gp85”: 
isolated from the liver sample from the 165 d flock. 

with eight domestic ALV-J reference strains isolated from 
white feather broilers. There are different sources of 
infection and causes of virus mutations during the 
transmission process among local Chinese chicken 
populations, which broadens the difficulties of ALV 
eradication. 

The common lesions of ALV-J infection act to 
enlarge the liver and spleen with nodular or diffuse gray 
lesions. However, the diseased birds examined in this 
study were characterized by filling of the abdominal 
cavity with dark red blood, as well as severe enlargement 
and formation of hematomas of various sizes and 
multifocal gray-white nodules of the liver and spleen. 
Hematomas also appeared in the lung, kidney, and 
pancreas. The ALV-J prototype strain HPRS-103 mainly 
causes myelocytoma formation in broilers. However, 
hemangioma formation of the internal organs of 135-day-
old green-shelled-egg chickens and 165-day-old Chai 
chickens was observed besides the occurrence of 
myelocytomas. Several types of damaging bone marrow 
diseases affect the quality and quantity of PLTs. In cases 
with reduced PLT counts or function, the dysregulation of 
blood coagulation can result in hemorrhaging. ALV-J 
infection led to dysregulation of blood coagulation due to 
decreased PLT counts and an increase in mean PLT 
volume, leading to bleeding of the organs, especially the 
liver. Payne et al. (1992) reported that the incubation 
period of myelocytes increased by infection with the 
ALV-J prototype strain HPRS-103, which may be 
relevant in regards to the absence of oncogene activation. 
Although the HPRS-103 genome lacks oncogenes, results 
of previous studies showed that the myelocytoma-
inducing molecular mechanism of HPRS-103 was 
associated with the activation of the c-myc gene (Chesters 
et al., 2001, 2002, 2006). However, whether 
tumorigenesis in this study was consistent with that of 
HPRS-103 remains unclear, thus further studies are 
warranted. 

Cui et al. (2006) reported that infection of broiler and 
specific pathogen-free chickens with the Chinese ALV-J 
field strain NX0101 can cause serious 
immunosuppression, thereby decreasing the antibody 
reaction to ND-inactivated vaccines. Although the flocks 
in these previous studies were immunized against ND and 
H9 4-5 times, the antibody levels still did not reach 
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normal levels (28-211). In particular, some of the 135-day-
old green-shelled-egg chickens failed to generate 
antibodies against ND and H9. Moreover, one chicken 
each in the 135-day-old flocks and 165-day-old flocks 
failed to generate antibodies against ND and H9. These 
results provide strong evidence of ALV-induced 
immunosuppression. 

One infectious ALV-J was also isolated from the 
cloacae swab samples, which confirmed that the 
detoxification of cloacae can also facilitate ALV 
transmission. Some studies have shown that ALV 
proliferates easily in the reproductive system of viremic 
hens, especially in the oviduct, which contained the 
highest concentration of virus. Further investigations of 
this case found that the farm from which the chicken was 
obtained employed artificial insemination for fertilization. 
However, the usage of only one sperm aduct in the 
process of insemination further aggrandized the horizontal 
transmission of ALV. Therefore, non-standard 
insemination procedures may also be a significant factor 
influencing horizontal or vertical transmission of ALV. 
 
Conclusion 

A diagnosis of ALV-J was made through 
comprehensive analysis of epidemiological data, clinical 
signs, necropsy findings, histopathological assessment, 
blood physiological indices, and viral isolation and 
identification. This is the first study to demonstrate ALV-
J-induced hemangioma and myelocytoma formation in 
green-shelled-egg chickens and Chai chickens bred on the 
same farm. 
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