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ABSTRACT: Marek’s disease virus (MDV), avian leukosis virus (ALV), and reticuloendotheliosis virus (REV) are
important viral agents associated with neoplastic diseases that cause economic losses for the poultry industry world-
wide. Immunosuppressive agents such as infectious bursal disease virus (IBDV), REV, and chicken anemia virus
(CIAV) expose birds to other infections and reduce production performance. In this context, we aimed to identify and
perform molecular analysis of the aforementioned viral infections (ALV, CIAV, IBDV, MDYV, and REV) in the tissues
of tumor-bearing chickens. Clinical samples were taken from 11 chicken flocks of different ages and races from some
provinces (Adiyaman, Diyarbakir, Elazig, and Malatya) in Turkey between 2011 and 2020. MDYV positivity was deter-
mined in all 11 chicken flocks, while ALV sequences were determined in four of 11 MDV-1 positive chicken flocks.
CIAV and ALV sequences were found together in two of 11 MDV-1 positive chicken flocks. The ALV subgroup J,
IBDV, and REV were not detected in any chicken flocks. According to phylogenetic analysis, Turkish MDYV strains
obtained from this study were included in two different genogroups (genogroups I and II) with other MDV strains
with pathotypes ranging from virulent (v) to very virulent plus (vv+). Co-infections of ALV and CIAV with MDV may
worsen the current clinical situation. In this study, MDV was detected in two flocks vaccinated with Herpesvirus of tur-
keys. Other chickens were not vaccinated against any of the viral agents studied. Increasing vaccination and preventive
measures against these viral pathogens in poultry in Turkey are recommended.
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INTRODUCTION
Marek’s disease virus (MDV), avian leukosis
virus (ALV), and reticuloendotheliosis virus
(REV) are among the most common naturally occur-
ring viruses associated with neoplastic disease con-
ditions in poultry (Payne, 2000). Infectious bursal
disease virus (IBDV), REV, and chicken anemia vi-
rus (CIAV) are among the important immunosuppres-
sive agents in poultry that cause production problems
(Payne, 2000; Gimeno and Schat, 2018). These virus-
es are responsible for economic losses due to mortali-
ty and depressed performance (Payne, 2000).

Marek disease virus transforms T lymphocytes
and forms skin and visceral tumors. In addition, the
virus can cause immunosuppression, neurological
symptoms, and ocular lesions until tumors become
visible (Osterrieder et al., 2006). Marek’s disease
(MD) virus, or Gallid alphaherpesvirus 2 (GaHV-2),
the causative agent of MD, is a herpesvirus belong-
ing to the subfamily Alphaherpesvirinae, genus Mar-
divirus (Foster, 2018). Based on serological charac-
teristics, MDV can be divided into three serotypes:
MDV-1 (serotype 1, species Gallid herpesvirus 2),
apathogenic MDV-2 (serotype 2, species Gallid her-
pesvirus 3), and an antigenically related Herpesvirus
of turkeys (HVT or serotype 3, species Meleagrid her-
pesvirus 1). However, only MDV-1 can cause tumor
formation in chickens (Zhang et al., 2012). All three
MDYV species are used in MD vaccines, alone or in
combination. Based on the ability to break vaccine
immunity, MDVs are divided into three pathotypes:
v (virulent), vv (very virulent), and vv+ (very viru-
lent plus) (Faiz et al., 2017). Among the more than
200 genes of the GaHV-2 genome, Marek’s EcoRI-Q
(MEQ) is one of the most extensively studied MDV
genes. Serotype 1 MDV genome codes for a unique
oncogene, MEQ, which is consistently expressed in
all MDYV latently infected or tumor cells. Thisgene en-
codes the oncoprotein (MEQ protein), a basic leucine
zipper transcription factor composed of an N-terminal
basic leucine zipper (bZIP) domain and a proline-rich
C-terminal transactivation domain. Although the last
33 carboxy-terminal amino acids (aa) are required
for transcriptional transactivation (Qian et al., 1995;
Kung et al., 2001), the number of proline-rich repeats
(PRR) at the transactivation site appears to be associ-
ated with the suppression of transcription (Chang et
al., 2002).

ALV subgroups (A-E, J, and K) belong to the A/-
pharetrovirus genus (Shao et al., 2017). These sub-

groups are often associated with lymphoid leukosis,
with tumors primarily in the bursa of Fabricius and
visceral organs (Fadly and Venugopal, 2008), but
ALV subgroup J (ALV-J) targets cells of the myeloid
lineage, inducing late-onset myelocytomatosis (Venu-
gopal et al., 2000). There are seven subgroups, A, B,
C,D, E, J, and K, of ALVs identified in chickens ac-
cording to the antigenicity of the viral envelope. They
are also classified as being either exogenous or en-
dogenous. Unlike the other subgroups of exogenous
ALVs, subgroup E viruses are avian retrovirus-like
elements that are transmitted genetically in a Mende-
lian fashion and are termed endogenous viruses (Shao
et al., 2017; Fadly and Venugopal, 2008).

Reticuloendotheliosis virus (REV) is an oncogenic
and immunosuppressive gammaretrovirus. The virus
causes reticuloendotheliosis (RE), an avian disease
mainly characterized by immunosuppression, runting—
stunting syndrome, and chronic lymphomas (Niewi-
adomska and Gifford, 2013; Walker et al., 1983).

Chicken anemia virus (CIAV), genus Gyrovirus in
the family Anelloviridae (Adams et al., 2016), has a
worldwide distribution. It is recognized as a serious
economic threat to broiler and specific pathogen-free
(SPF) egg-producing industries (Balamurugan and
Kataria, 2006). Infectious bursal disease (IBD) is a
viral disease of young chickens that represents a per-
sistent issue for poultry production worldwide. Some
viral strains can induce high mortality (Samy et al.,
2020). Immunosuppressive viral agents induce immu-
nosuppression that facilitates infection by other avian
pathogens and results in vaccination failures (Samy et
al., 2020). Similarly, avian retroviruses can be found
as contaminants in commercial vaccines and cause
problems when their genome is integrated into the
MDYV and fowl pox virus genome (Fadly et al., 1996;
Koyama et al., 1997).

In this context, we aimed to identify and perform
molecular analysis of ALV, MDYV, CIAV, IBDV, and
REV infections in the tissues of chickens with tumors.

MATERIALS AND METHODS

Sample history and processing

Sampling dates were the decade from 2011 to
2020.In this study, clinical samples consisted of the
tissues (heart, spleen, and livers) with diffuse whit-
ish tumors foci of 11 chicken flocks with different
production types in some provinces (Adiyaman, Di-
yarakir, Elazig, Malatya) of Turkey. The history notes
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of the affected chicken flocks included death and stag-
nation, weakness, and loss of appetite. The necropsy
notes included increased size (2-3 times) of the liver
and spleen and numerous white nodular structures
with lesions of varying sizes (2 mm to 10 mm). Tissue
specimens were fixated in the 10% formalin solution
and placed in standard tissue processing cassettes. Af-
ter routine tissue processing and paraffin embedding
procedures, histological sections were taken from the
paraffin blocks with a rotary microtome, stained with
hematoxylin-eosin, and examined under routine light
microscopy.Histopathological examination showed
that the lesions were lymphomatous, consisting of
neoplastic pleomorphic cells. Lymphoblasts and plas-
ma cells were dominant in neoplastic foci. Lympho-
cytes of various sizes were also observed.

After microscopic examinations, non-paraffinized
tissue samples such as spleen and liver were homog-
enized with 1X phosphate-buffered saline (PBS, pH
7.2-7.4), and the resulting homogenate was centri-
fuged at 1500 rpm.

DNA-RNA isolation from the supernatant was
performed with the QlAamp MinElute Virus Spin kit
(Hilden Germany) according to the manufacturer’s in-
structions. The extracted nucleic acids were eluted in
50 pL elution buffer and kept at —20 °C until analysis.

Detection of avian oncogenic viruses (REV, ALV,
and MDYV)

To detect avian leukosis and reticuloendotheliosis
from oncogenic viruses, we followed the polymerase
chain reaction (PCR) procedure used by Ongor and
Bulut (2011). Also, the p27 gene of ALV was ampli-
fied using PCR with gene-specific primers (Yunet al.,
2013).

Specific primers of MEQ (Murata et al., 2013) and
132 repeats (Tian et al., 2011) were used to detect
MDV,and reference PCR procedures were followed.
A blank reaction consisting of primers but no DNA
template was included to serve as a reagent control.
The obtained amplicons were analyzed by electropho-
resis (110V/40 min) in 1.5% (w/v) agarose-TAE (40
mM Tris-acetate, pH 8.0, 1 mM EDTA) gel stained
with ethidium bromide (EtBr).

Detection of other viruses (CIAV, IBDYV)

Reference primers and PCR procedures were used
to detect CIAV (Zhang et al., 2013) and IBDV (Sapats
and Ignjatovic, 2000).

Sequence analysis

PCR products were run on gel electrophoresis,
purified, and sequenced by a commercial sequencing
service (Macrogen Europe, Amsterdam, The Nether-
lands). Sequencing was performed in an ABI Prism
3130 genetic analyzer (Applied Biosystems), using
the BigDye Terminator v3.1 cycle sequencing kit
(ApApplied Biosystems). The resulting bidirectional
nucleotide sequences were aligned, edited, verified
with BLASTN, and submitted to the GenBank data-
base. Then, nucleotide sequences were aligned and
compared with strains selected from GenBank using
the Clustal W method. Sequence data have been sub-
mitted to the GenBank Nucleotide Sequence Data-
base.

The nucleotide sequences for the MEQ gene of
MDYV were aligned with those of 35 MDYV strains
with different pathotypes belonging to different geo-
graphic regions selected from the GenBank database,
using MEGA X (Kumar et al., 2018). Phylogenetic
trees were generated using the ‘maximum likelihood’
method and the Tamura Nei model (Tamura and Nei,
1993) with 1000 bootstrap replicates. Also, alignment
analysis of deduced MEQ complete amino acid se-
quences of the MDYV strains in this study and other
reference MDVs from China or the USA together
with the vaccine strains was performed. Furthermore,
the number of four consecutive prolines (PPPP) with-
in the proline-rich repeats (PRR) of the transactiva-
tion domain, the proline content (%), and the presence
of amino acid (aa) substitutions in the deduced aa se-
quence of MEQ genes were determined.

Similarly, the CIAV complete genome nucleotide
sequences obtained in this study were aligned with 32
CIAV strains from different regions selected from the
Genbank database, and a phylogenetic tree was con-
structed. Additionally, the amino acid sequences of
CIAV (VP1, VP2, and VP3) were aligned with other
strains, and a phylogenetic tree for the VP1 gene was
constructed.

The homology of the sequences of the H2-HS5
(ALV pol flanked sequences) and the p27 ampli-
cons with the reference strains wereevaluated using
BLASTN analysis.

Sequence Similarity and Identity Analysis

The similarity analysis between the MEQ gene of
the MDYV strains obtained from this study and those of
35 MDYV strains/isolates with different pathotypes se-
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lected from Genbank was calculated with SIAS soft-
ware (http://imed.med.ucm.es/Tools/sias.html ). The
same method was used to calculate the similarity ratio
between the complete genome nucleotide sequences
of the CIAV strains obtained from this study and the
others.

Recombination analysis

Two CIAV strain sequences from the current study
and other sequences from GenBank were used to
identify recombination events using Recombination
Detection (RD), BootScan, GENECONYV, Max-Chi,
Chimaera, SiScan, and 3Seq methods implemented in
the Recombination Detection Program (RDP)version

W MND45208.1 GaHV-2-05-TR-2018
W MN045209.1 GaHV-2-D6-TR-2018
W MND45210.1 GaHV-2-07-TR-2018
W MNO452111 GaHV-2-08-TR-2018
92 | W MND45212.1 GaHV-2-09-TR-2018
v
v
v

MND45204.1 GaHV-2-01-TR-2017

MND45205.1 GaHV-2-02-TR-2017
MMND45206.1 GaHV-2-03-TR-2017

T

MB89471.1 GaHV-2 GA (virulent) USA
HM488349.1 GaHV-2 RBIB (very virulent) USA

—— Hl MW219788 GaHV-2 MDV/2011/Akedg/TUR
AY362712.1 GaHV-2 6174 (virulent) USA

29

40

57

0.0020

W MNO045207.1 GaHV-2-04-TR-2018

MF431496.1 GaHV-2 PolenS (very virulent plus) Poland
AY362710.1 GaHV-2 571 (virulent) USA
92 | AY362711.1 GaHV-2 573 (virulent) USA
i| B MW219791 GaHV-2 MDV/2015/Elzg-918/TUR

W MW219789 GaHV-2 MDV/2013/Dyrbkr-65/TUR
W MW219794 GaHV-2 MDV/2017/Elzg-35/TUR

_|— B MW219795 GaHV-2 MDV/2017/Elzg-21/TUR
39! Il MW219790 GaHV-2 MDV/2014/Dyrbkr-66,/TUR
_|— AYS5T71784.1 GaHV-2 ATE (very virulent) Hungary
2 | MF431493.1 GaHV-2 ATE2539 (Hungary)
MF431494.1 GaHV-2 EU-1 (very virulent plus) Italia
W MW219792 GaHV-2 MDV/2016/Kn-Adymn/TUR

75 JF742597.1 GaHV-2 814 vaccine
ml.l GaHV-2 CU-2 vaccine
8 ABD33119.1 GaHV-2 CVI988 Rispens vaccine
i W MW219798 GaHV-2 MDV/2020/L/Elzg/TUR

89 | AY362723.1 GaHV-2 W (very virulent plus) USA
AF243438.]1 GaHV-2 Md5 (very virulent) USA
67 ———————— HM749324.1 GaHV-2 tn-nl (very virulent) India
2 L HM74932516aHV-2 tn-n2 (very virulent) India

MF431495.1 GaHV-2 MD70/13 (virulent) Hungary

AF493556.1 GaHV-2 G2 (very virulent) China
HQ638155.1 GaHV-2 X103 (very virulent) China
- JXB44666.1 GaHV-2 GX0101 (very virulent) China
821 ,a314003.1 GaHV-2 LMS (very virulent) China
25 W MW219793 GaHV-2 MDV/2016/Elzg-97/TUR
L W MW219797 GaHV-2 MDV/2019/A/Elzg/TUR

W MW219796 GaHV-2 MDV/2018/L/Elzg/TUR
94 I DQA534532,1 GaHV-2 584a (very virulent plus) USA
AY362719.1 GaHV-2 New (very virulent plus) USA
AY362714.1 GaHV-2 549 (very virulent) USA

I AY362717.1 GaHV-2 L (very virulent plus) USA
77 AY362724.) GaHV-2 X (very virulent plus) USA

4.1 (Martin et al., 2015), with default settings. It was
designed to accept the presence of recombination if
recombination was identified with at least five of the
seven methods (p-value <0.05).

RESULTS

PCR

In this study, MDV-1 was detected in all 11 chick-
en flocks with tumor foci in their organs.After PCR,
1063 nucleotides of MEQ and 314 nucleotides of
132 repeats were amplified. Two flocks were present
with CIAV co-infections. For complete genomes of
two CIAVs(CIAV/2011/Akedg/TUR and CIAV/Dyrb-

Genogroup |

Genogroup Il

Figure 1 Phylogenetic analysis of the MEQ gene of MDVs. Phylogenetic trees were created using the Maximum Likelihood method
(1000 replicates) and Tamura Nei model by the Mega X. Filled boxes represent the Turkish MDYV strains obtained from this study, while

the filled triangles represent other Turkish MDYV strains.
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kr-66/TUR) were amplified overlapping sequences of
1778 and 831 nucleotides length by PCR. As a result
of PCR with primers H2-HS and p27 for ALV detec-
tion, PCR products of 300-310 and 720 nucleotides in
length were obtained in four chicken flocks, respec-
tively.No amplification was found in the PCR with
HS5-H7 primers performed to detect ALV subgroup J.
No amplicons were detected in any negative controls
after PCR.

Sequence analysis

In this study, the MEQ gene of Turkish MDYV strains
encoded 339 amino acids, of which 71 to 73 (20.9-
21.5%) consisted of proline. The number of PPPPs
in the PRR of the transactivation domain of Turkish
MDYV strains varied from three to five. While the num-
ber of PPPPs was three in MDV/2011/Akedg/TUR and

MDV/2018/L/Elzg/TUR strains, this number was four
in MDV/2016/Elzg-97/TUR and MDV/2019/A/Elzg/
TUR strains. According to the phylogenetic tree results
for the MEQ gene (Figure 1), Turkish MDYV strains ob-
tained from this study were included in two separate
phylogroups (Genogroups I and II). According to this
result, MDV/2011/Akedg/TUR, MDV/2016/Elzg-97/
TUR, MDV/2018/L/Elzg/TUR, and MDV/2019/A/
Elzg/TUR strains were included in genogroup I, while
others were included in genogroup 1. Some changes
in the MEQ amino acid sequences of Turkish MDV
strains obtained from this study were as follows: E77K,
Y80D, A88T, C119R, M126K, A139T, P153Q, Q169H,
P176A, T180A, 1200V, P217A, H240Y, A262T, and
A294V. All the amino acid differences in the MEQ are
shown in Table 1.

Table 1 MEQ amino acid alignment of Turkish and reference MDVs

111

1
1
5
\%

N W

7
7
E

> o0 oo
LD w o
~ o o
~ - o
0 o —

MW219789 MDV/2013/Dyrbkr-65/TUR
MW219788 MDV/2011/Akedg/TUR
MW219790 MDV/2014/Dyrbkr-66/TUR
MW219791 MDV/2015/Elzg-918/TUR . .
MW219792 MDV/2016/Kn-Adymn/TUR .. D .
MW219793 MDV/2016/Elzg-97/TUR

MW219794 MDV/2017/Elzg-35/TUR o
MW219795 MDV/2017/Elzg-21/TUR T
MW219796 MDV/2018/L/Elzg/TUR
MW219797 MDV/2019/A/Elzg/TUR
MW219798 MDV/2020/L/Elzg/TUR
MF431495.1 MD70/13 (v) Hungary
DQ534532.1 584a (vv+) USA
AF243438.1 Md5 (vv) USA
AY362723.1 W (vv+) USA
HM488349.1 RB1B (vv) USA o
MF431496.1 Polen5 (vv+) Poland N
MF431494.1 EU-1 (vv+) Italia ST
JX844666.1 GX0101 (vv) China

O < o »

AR ARARARRA
lviivilvilvilvil Al

JQ314003.1 LMS (vv China L. ... A

M89471.1 GA (v) USA KD . . .
MF431493.1 ATE2539 (Hungary) .. . TR .
AY362712.1 617A (v) USA
AY362717.1 L (vv+) USA
AY362724.1 X (vv+) USA
AY362714.1 549 (vv) USA . P
AF493556.1 G2 (vv) China L. . . . . . LA
AY362719.1 New (vv+) USA . KD .

HM749325.1 tn-n2 (vv) India .
HQ638155.1 XJ03 (vv) China R .
AY362711.1 573 (vt) USA
HM749324.1 tn-nl (vv) India

AY362710.1 571 (v) USA L. ... A

AY571784.1 ATE (vv) Hungary ... . TR . R . .
MNO045207.1 GaHV-2-04-TR-2018 - . . . . L . s .

MNO045204-MN045212 GaHV-2
other Turkish MDVs
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According to the phylogenetic tree based on the
complete genome nucleotide sequence of the CIAV
strains/isolates (Figure 2a), two phylogroups (gen-
ogroups | and II) occurred. Turkish CIAV strains/
isolates were included in the same genogroup (gen-
ogroup I) with some Chinese (SD1518, HLJ15108),
German (Cuxhaven), American (98D02152, 26p4),
Egyptian (CIAV-EG-2, CIAV-EG-7, CIAV-EG-13,
CIAV-EG-26) and Taiwanese (Isolate 9). There were
some differences between the amino acid sequences
of the CIAV/2011/Akcdg/TUR and CIAV/2014/Elzg-
66/TUR strains (R194G, R293T, D375E, A392S,
L417V for VP1; V109A for VP2; S74P for VP3).
The phylogenetic analysis results of the VP1 gene of
CIAVs (Figure 2b) were similar to those of the com-
plete genome.

In sequence analysis of PCR products amplified
with the H2-HS primers, three of the 11 samples

(ALV/2014/Dyrbkr-66/TUR,  ALV/2015/Elzg-918/
TUR, ALV/2013/Dyrbkr-65/TUR) showed high ho-
mology (98-97-99.67%) to the ALV-E subgroup,
while one (MDV/2011/Akcdg/TUR) showed high ho-
mology (99.68-100%) to the ALV-K subgroup.

Accession numbers

MW219788-MWMW219798, for MDV (MEQ
gene); MW219801-MW219804, for ALV (p27
gene); MW233705-MW233708, for ALV (env gene);
MW219788-MW219798, for CIAV (complete ge-
nome).

Sequence Similarity and Identity Analysis
According to the SIAS analysis, the MEQ gene
similarity rate of all MDYV strains used in this study
was 93.41-99.9 %. The similarity rate for MEQ of 11
Turkish MDV strains obtained from this study was

81, @ MT2593211 CIAV KBIK TUR 2015

@ MT259320.1 CIAV KB&K TUR 2015
@ MT259314.1 CIAV EBIK TUR 2016

@ MT259308.1 CIAV DAB2K TUR 2015
@ MT259307.1 CIAV GDASK TUR 2015
Il MW219800 CIAV/2014/Elzg-66/TUR

8l 30 Il MW219799 CIAV/2011/Akedg/TUR a
52 | @ MT259325.1 CIAV GDA&K TUR 2015
KJT728820.1 CIAV isolate 9 Taiwan 2012
MHO01564.1 CIAV-EG-26 Egypt 2017

515? KY&86137.1 CIAV HLJ15108 China 2015
45 KU645522.1 CIAV SD1518 China 2015
KU&45521.1 CIAV SD1514 China 2015

98
D10068.1 CIAV 26p& USA
KY053900.1 CAV/NAM/TANUVAS/09 India 2009
M81223.1 CIAV Cuxhaven Germany
4&3': KF2249311 CIAV GD-G-12 China
@ MT259316.1 CIAV EBTK TUR 2016

AF311892.2 CIAV 98D02152 USA
40 AF313470.1 CIAV Del-ros

63 MHO001560.1 CAV-EG-13 Egypt 2017

MHO001553.1 CAV-EG-2 Egypt 2017
97 ' MHO01556.1 CAV-EG-T Egypt 2017

54 KJ728827.1 CIAV 18 Taiwan 2012
ﬂ& KF224935.1 CIAV GD-K-12 China 2012
5y KX447536.1 CIAV LY-1 China 2016

AF311900.3 CIAV 98D06073 USA
MHOO1567.1 CAV-EG-21 Egypt 2017

54— KJB72513.1 CAV-10 Argentina 2007
100 L MHO01565.1 CAV-EG-14 Egypt 2017
L KY024579.1 CIAV RS/BR/15 Brazil 2015
96 KJ872514.1 CAV-18 Argentina 2017

AEE AB119448. CIAV CA Japan 2003

AF285882.1 CIAV SMSC-1 Malaysia 2003

59

IGenogroup |

99

99

ﬁ

iGenogroup Il

 EE—
0.01

Figure 2a Phylogenetic analysis of complete genomes of CIAVs.. Phylogenetic trees were created using the Maksimun Likelihood
method (1000 replicates) and Tamura Nei model by the Mega X. Filled boxes represent the Turkish CIAV strains obtained from this
study, while the filled circles represent other Turkish CIAV strains
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D10068.1 CIAV 26p4 USA

48

95

—_—
0.01

@ MT2593211 CIAV KB9K TUR 2015
@ MT259320.1 CIAV KB6K TUR 2015
@ MT259314.1 CIAV EBIK TUR 2016
Il Mw219799 CIAV/2011/Akcdg/TUR
@ MT259325.1 CIAV GDASK TUR 2015
[l MW219800 CIAV/2014/Elzg-66/TUR
@ MT259308.1 CIAV DAB2K TUR 2015
99 | @ MT259307.1 CIAV GDASK TUR 2015
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Figure 2b Phylogenetic analysis of the VP1 gene of CIAVs. Phylogenetic trees were created using the Maksimun Likelihood method
(1000 replicates) and Tamura Nei model by the Mega X. Filled boxes represent the Turkish CIAV strains obtained from this study, while

the filled circles represent other Turkish CIAV strains

98.68-99.9%. The similarity rate between the MEQ
gene of the 11 Turkish MDYV strains obtained from
this study and that of the other Turkish MDYV strains
was 98.37-99.63%, while this ratio with vaccines was
93.41-95.57%.

According to the SIAS analysis, the similarity ra-
tio for the complete genome nucleotide sequence of
CIAV strains in this study was 93.41-99.9%. While
the complete genome nucleotide sequence of the two
Turkish CIAV strains obtained from this study was
99.52% similar, this ratio was 97.95-99.78% with oth-
er Turkish strains. The phylogenetic tree constructed
with the variable gene region VP1 of CIAV strains
was consistent with their whole genome sequence.

Recombination analysis
After recombination analysis, according to the re-

sults of four (RDP, Chimaera, Max-Chi, 3seq) of sev-
en tests, the CIAV/2011/Akcdg/TUR strain obtained
from the study was the major parent, CAV-EG-14 mi-
nor parent, and CIAV-SD1514 recombinant. Accord-
ing to this result, possible recombination breakpoints
in the aligned sequences were between positions 503
(beginning, without gap) and 2184 (ending, without

gap).

The potential recombination signal for the other
CIAV strain (CIAV/2014/Elzg-66/TUR) could not be
detected.

DISCUSSION

vwvMDV-1 and vv+MDV-1 field strains are in-
creasingly reported in many countries of the world,
including Turkey, and cause significant yield and eco-
nomic losses by affecting broilers, breeders, and com-
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mercial layers (Zhuang et al., 2015; Kennedy et al.,
2017; Yilmaz et al., 2020; Abayli et al., 2021, Lounas
etal., 2021).

Here, we investigated oncogenic MDV-1 and ALV
infections in tumor-bearing chicken flocks and immu-
nosuppressive viral agents such as CIAV, IBDV and
REV that can increase susceptibility to these infec-
tions.Virus detection by PCR and RT-PCR revealed
that MDV-1 was present in all flocks examined, and
no IBDV and REV were detected. In addition, co-in-
fections of MDV-1 and ALV were detected in two of
the infected flocks and MDV-1, CIAV, and ALV in the
other two.

The MEQ genes of 11 MDV-1 strains contained
an open reading frame of 1020 nucleotides, and no
178-bp insertions were detected, generally indica-
tive of low virulence (Tian et al., 2011; Shamblin et
al., 2005). In the phylogenetic tree of MEQ, some
of the new Turkish MDV-1 strains were included in
genogroup | with European, American, and Asian
strains with v, vv, and vv+ pathotypes, whereas others
(MDV/2019/A/Elzg/TUR, MDV/2011/Akedg/TUR,
MDV/2016/Elzg-97/TUR and MDV/2018/L/Elzg/
TUR) were included in genogroup II with American
strains. New Turkish MDV-1 strains had seven amino
acid substitutions in the MEQ. Among these strains,
those clustered in genogroup [ had a 217P substitution,
and those clustered in genogroup Il had a 217A substi-
tution. In addition to substitutions 217A and 217P in
the C-terminal transactivation domain of MEQ, some
new Turkish strains were noted to have E77 and Y80
substitutions in the bZIP domain of MEQ. There are
reports that the substitutions mentioned above affect
the transactivation of the MEQ (Murata et al., 2013;
Murata et al., 2011).The proline-rich domain is crucial
for the transactivation activity of MEQ in transformed
T-cells (Liu and Kung, 2000; Qian et al., 1996).Chang
et al. (2002) reported that MDV-1 strains containing a
long MEQ (L-MEQ) with a proline-rich motif exhib-
ited a higher level of transpression than MEQ variants
containing the single proline-rich short meq (S-MEQ)
motif. In this study, all MDV strains from different
years and provinces were of average length (339 aa),
and PPPP repeats in the C-terminal area of the MEQ
ranged from 3 to 5. In previous studies, the virulence
of MDYV has been associated with the number of these
PPPP repeats in the MEQ protein and reported that
those with fewer (2-5) PPPP repeats have the poten-
tial to be more pathogenic (Renz et al., 2012; Sham-
blin et al., 2005). Similarly, some authors suggest that

the most pathogenic strains have only one or two cop-
ies of 132 bp repeats, while low pathogenic strains
have six or seven copies (Bradley et al., 1989; Silva et
al., 2004). In this study, we found a single copy of the
132-bp repeated in all MDYV strains. Interestingly, a
rare substitution (P to Q at position 153) was found in
the MEQ of MDV/2011/Akedg/TUR strain obtained
from MD cases in Malatya in 2011. This substitution
was frequently encountered in the American reference
MDV-1 strains with the pathotype vv or vv+. Consid-
ering the substitution (P to A) at position 217 of this
strain, it was seen that MDV/2011/Akedg/TUR strain
had three PPPP motifs. In this context, some Turkish
MDV-1 strains identified from MD cases in the past
have the potential to be highly pathogenic.

Of the 11 chicken flocks in this study, two were
vaccinated. Increasing MD cases in Turkey show us
that especially unvaccinated chicken flocks are at
high risk for MD. MDV-1’s have evolved to have in-
creased virulence over the last 40 years, acquired the
ability to overcome the immune responses induced by
the currently available MDV vaccines (Witter, 1997;
Wozniakowski and Samorek-Salamonowicz, 2014).
Here, MD cases in two HVT-vaccinated flocks prove
that the vaccine’s protection against existing strains is
no longer sufficient. Vaccination procedures against
MDV-1 in Turkey should be strictly followed and pro-
vided with bivalent HVT/SB-1 or CVI988 vaccines
that provide better protection against these highly vir-
ulent field strains.

In the present study, two of the 11 MDV-1 in-
fected flocks were also infected with CIAV and ALV
agents (subgroups K or E), while the other two were
ALV-E. Although CIAV is generally subclinical in
older chickens (Fehler and Winter, 2001), it can affect
the severity of the disease caused by immune system
damage and other pathogens that co-infect birds (Da-
vidson, 2008; Haridy et al., 2009).

The VP1 protein of CIAV has been associated
with viral pathogenicity and replication. Substitutions
of highly pathogenic strains (L125, E141, E144, and
394Q) were found in the VP1 sequence of new Turk-
ish CIAV strains. Furthermore, both strains displayed
the genetic character (139Q and 144Q) of VP1 of
highly transmissible CIAVs (Yamaguchi et al., 2001;
Natesan et al., 2006; Ducatez et al., 2006; Todd et
al., 2002).In addition, this study investigated the re-
combination status among Turkish CIAV strains and
between Turkish CIAV strains and others. Although
only the CIAV/2011/Akedg/TUR strain showed
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strong recombination signals in some tests, this was
insufficient.

Although there is not much information about the
new subgroup ALV-K, it is known that ALV-E is an
endogenous form that contributes little or nothing to
tumor formation (Motta et al., 1975; Smith and Fadly,
1988). It may also affect the induction of neoplasia
and other production or performance characteristics
by interactions with exogenous ALV, or subgroup
E recombinants that occur with the interaction may
stimulate tumor formation (Crittenden and Hayward,
1980; Mays et al., 2019). It is possible that the viral
co-infections detected in this study exacerbated the
severity of MD. REV and IBDV infections showing
similar effects were not encountered in this study.

CONCLUSIONS

Recently, MD cases have been increasing in vac-
cinated and unvaccinated chicken flocks in Turkey.
Vaccination and strict biosecurity measures (good
farm cleaning and disinfection, proper reception prac-
tices, all-in/all-out policy, accurate vaccination pro-
grams adapted to the type of bird and field situation,
etc.) can significantly reduce the incidence of MD,
and thereby prevent the economic loss due to the dis-
ease. The inclusion of other immunosuppressive viral
agents in the fight against MD may lead to more suc-
cessful results.
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