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Abstract
Marek’s disease virus (MDV) is an important oncogenic poultry pathogen that can generally be controlled
by vaccination. However, MDV still occasionally occurs on vaccinated farms owing to possible genetic
variation among MDV strains as well as management-related issues. In this study, a novel MDV strain
(designated LZ1309) was isolated from a poultry �ock that had been previously vaccinated using the
HVT plus CVI988 vaccine strains. Animal experiments showed that LZ1309 infection led higher morbidity
(100%) and mortality (90%). Moreover, existing vaccines only provided partial protection against LZ1309,
which protection indexes of HVT, CVI988, and HVT plus CVI988 were 68.4%, 85%, and 90%, respectively. In
conclusion, we have shown that the more virulent of Marek’s disease virus existed in vaccinated with HVT
plus CVI988 in poultry farms in China. And the emergence of LZ1309 poses a new potential threat to
poultry farms. In future studies, the development of new treatment strategies should be of high priority.

1. Introduction
Marek’s disease (MD) is a highly contagious lymphoproliferative and immunosuppressive disease of
chickens and is responsible for signi�cant economic losses to the poultry industry. The causative agent
of MD is an oncogenic cell-associated alphaherpesvirus known as Marek’s disease virus (MDV). The
International Committee on Taxonomy of Viruses classi�es MDV-related viruses into three groups: gallid
alphaherpesvirus 2 (GaHV-2, also known as MDV-1), GaHV-3 (previously referred to as MDV-2), and
meleagrid herpesvirus type 1 (MeHV-1; turkey herpesvirus 1, HVT, previously MDV-3)[1]. GaHV-2 is
pathogenic and induces tumours in susceptible chickens, whereas the other two species are non-
pathogenic. According to its pathogenicity, GaHV-2 is further classi�ed into four pathotypes: mild (m),
virulent (v), very virulent (vv), and very virulent plus (vv+)[2].

MD can be controlled by vaccination, with great e�cacy against the development of the disease, resulting
in reductions in economic losses to poultry farms since the 1970s[3, 4]. The live vaccines HVT (non-
pathogenic MeHV-1), SB-1 (non-pathogenic GaHV-3), 814 (an effective attenuated GaHV-2 vaccine
developed and used in China), and CVI988 (an effective attenuated GaHV-2 vaccine used commercially
worldwide) as well as the bivalent vaccines HVT plus SB-1 and HVT plus CVI988 are some of the
vaccines that have been used worldwide on poultry farms[5]. Although these vaccines protect against
tumours and mortality and provide lifelong immunity, vaccination does not induce sterile immunity,
allowing for the replication and shedding of virulent challenge MDVs in chickens[6, 7]. Due to
complicated interactions among the pathogens, vaccines, and hosts, the virulence of �eld MDV strains
has increased, with viruses acquiring the ability to overcome the immune responses induced by the
vaccines[8]. The emergence of more virulent MDV variants may have devastating consequences for the
poultry industry in the future. Thus, it is necessary to conduct surveillance studies to assess the
prevalence of MDV on commercial poultry farms and develop more sustainable strategies against MDV
in a timely manner.
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In China, the vaccines HVT, CVI988, and 814 and the bivalent vaccine HVT plus SB-1 have been widely
used on laying and breeding chicken farms for a few decades. However, MD outbreaks frequently occur in
several provinces in China, even among chickens that have been inoculated with the commercial HVT
plus CVI988 vaccines. Recently, a MDV strain isolated from a commercial layer farm vaccinated with HVT
plus CVI988 in Colombia clusters with other vv + MDV strains by phylogenetic analysis and has similar
characteristics as found in the proline rich region of Meq gene[9]. Nevertheless, no �eld MDV strains have
yet been reported from chicken farms vaccinated with HVT plus CVI988 in China.

Here, we isolated a highly virulent MDV strain (LZ1309) from a layer �ock in the Gansu province of China
that had received the HVT plus CVI988 vaccine. This represents the �rst instance of the isolation of a
highly virulent MDV from chickens vaccinated with HVT plus CVI988 in China. Thus, the primary purpose
of this study was to explore the pathogenic characteristics of the novel isolated MDV strain, the causes of
MD vaccination failure, and the evolution of MDVs. Moreover, to gain a comprehensive understanding of
the pathogenicity of the LZ1309 strain, our results indicate that a highly virulent MDV with the ability to
override the immunoprotection of HVT plus CVI988, which is presently the most effective vaccine
combination, is emerging in China. This study provides a basis for future investigations into more
effective MDV prevention and treatment measures.

2. Materials And Methods

2.1 Ethics statement
The animal experiments and study protocol were approved by South China Agriculture University’s
Institutional Animal Care and Use Committee and performed in accordance with approved animal care
guidelines and protocols. The animal ethics committee approval number is SYXK (Yue) 2014 − 0136.

2.2 Clinical samples and virus isolation
Suspected MD chickens were identi�ed in a commercial Hyline-brown chicken �ock that had been
previously vaccinated at 1 day of age with HVT plus CVI988 vaccines. The infected chickens showed
depressed activity, progressive emaciation, and decreased egg production rates of 60%. Death and culling
rates in this �ock increased by 40%, and at necropsy, the livers and spleens showed visible tumours.
Heparin anticoagulated peripheral blood samples were collected from the diseased chickens for virus
isolation. Tumour samples were collected from livers and spleens and stored at 4°C for transport.

Primary CEF cells were prepared from 10-day-old SPF chicken eggs purchased from Guangdong Wens
Dahuanong Biotechnology (Guangzhou, China). Lymphocytes were puri�ed using a commercial
lymphocyte-separating medium and were inoculated into CEF monolayers. Then, the inoculated CEF cells
were cultured at 37°C in a 5% CO2 humidi�ed atmosphere for 120 h. Clear CPEs were observed followed
by three blind passages. After plaque puri�cation and �ve passages in CEF cells, the puri�ed virus
LZ1309 was stored in 20% foetal bovine serum and 10% dimethyl sulfoxide (DMSO) in liquid nitrogen.

2.3 Virus identi�cation
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PCR ampli�cation of an MDV-speci�c 132-bp repeat sequence was used to distinguish LZ1309 from
vaccine strains[10]. The serotype of LZ1309 was identi�ed by indirect immuno�uorescence using the
GB2 monoclonal antibody (prepared and stored in our laboratory) comprised of the gB protein-speci�c
antibody of MDV serotype 1. PCR was used to detect exogenous viruses including ALV, CIAV, and REV
(Table 1)[11, 12].

Table 1
Primers for Marek’s disease virus (MDV) genes and for MDV, ALV, REV and CIAV

detection
Virus/Gene Primers Sequence Product length

MDV F1

R1

5’- ATGCGATGAAAGTGCTATGGAG-3’

5’-ATCCCTATGAGAAAGCGCTTGA-3’

264bp

ALV F2

R2

5’-GGATGAGGTGACTAAGAAAG-3’ 545bp

5’-CGAACCAAAGGTAACACACG-3’

REV F3

R3

5’-GCCTTAGCCGCCATTGTA-3’ 300bp

5’-CCAGCCAACACCACGAACA-3’

CIAV F4

R4

5’- -GCATTCCGAGTGGTTACTATT-3’ 843bp

5’- CGTCTTGCCATCTTACAGTCTT-3’

Meq F5

R5

5’-ATAGACGATGTGCTGCTGAGAG-3’ 1020bp

5’-CTTCAATACTTTCGGGTCTGTG-3’

pp38 F6

R6

5’ -TCATCTTCAACCCACAGCCATCC-3’ 873bp

5’- TCGCTTAATCTCCGCCTCCAAC-3’

vIL-8 F7

R7

5’- GAGACCCAATAACAGGGAAATC-3’ 738bp

5’- TAGACCGTATCCCTGCTCCATC-3’

2.4 Virulence study of LZ1209 strain
One-day-old White Leghorn SPF chicks (n = 207) were obtained from Guangdong Wens Dahuanong
Biotechnology and randomly divided into nine groups. The birds were fed and watered ad libitum and
housed separately in negative-pressure isolators. The chickens of group 3 and group 7 were vaccinated
with HVT (FC126 strain) while those of group 4 and group 8 were inoculated with CVI988 by
intraperitoneal injection of 2000 plaque forming units (PFU) on day 1. The birds of group 5 and group 9
were vaccinated with HVT (FC126 strain) plus CVI988 at 2000 PFU simultaneously on day 1. Groups 2
and group 6 were unvaccinated. At 10 days old, the chickens of groups 2–5 were challenged with 2000
PFU of LZ1309 in 0.2 ml while those of group 6–9 received the vv MDV strain Md5 at the same dose.
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Inoculation and infection were both via intraperitoneal injection. Chickens in the control group 1 were
inoculated with 0.2 ml of DMEM as the control group.

Clinical symptoms, gross post-mortem lesions, and mortality rates were observed and recorded every day
until day 90, when all chickens were humanely sacri�ced. Three chickens were randomly selected from
each group, and immune organ indexes [organ index = organ weight (g) / body weight (kg)] were
measured after euthanasia at 35 days post-infection (dpi). Organs from diseased or dead chickens with
pathological changes were diagnosed by PCR, and those without macroscopic lesions were assessed via
histopathological observation.

2.5 Statistical analyses
Survival rate curves were drawn using GraphPad Prism 6.0 software (GraphPad Software, San Diego, CA,
USA). Protective indices were calculated using the following formula: Protective index (PI) = (% MD in
unvaccinated chickens – % MD in vaccinated chickens) / % MD in unvaccinated chickens ×100[13]. All
data are presented as the mean ± standard deviation (SD). One-way ANOVA was employed to evaluate
statistical differences among groups using GraphPad Prism 6 software. A value of p < 0.05 was
considered signi�cant.

3. Results

3.1. Isolation and identi�cation of MDV strain LZ1309
Local outbreaks of MDV were reported from 2010 to 2016, and thus the active surveillance of MDV on
chicken farms was undertaken nationwide in China. Suspected MD with visceral tumours was observed
on a large-scale poultry farm in Lanzhou in the Gansu province of China. Subsequently, an MDV strain
named LZ1309 was isolated from diseased chickens. PCR detection of the MDV 132-bp repeat (Fig. 1A)
showed that the LZ1309 strain carries two copies of the repeat, consistent with the unique molecular
characteristics of pathogenic MDV strains. Chicken embryo �broblast (CEF) cultures inoculated with
LZ1309 exhibited typical cytopathic effects (CPEs) under a light inverted microscope, in agreement with
those induced by MDV infection (Fig. 2A). CPEs were also con�rmed via immuno�uorescence assay
using monoclonal antibodies speci�c for the gB protein of GaHV-2 (produced by our laboratory)(Fig. 2C),
and no CPEs were observed in uninfected CEF cultures under a �uorescence microscope (Fig. 2B and 2D).
In addition, the virus preparation tested negative for the adventitious agents avian leukosis virus (ALV),
reticuloendotheliosis virus (REV), and chicken infectious anaemia virus (CIAV) based on PCR analysis
(Fig. 1B–D).

3.2 Pathogenicity of LZ1309 isolate in chickens

3.2.1. Survival and mortality analysis
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We performed virulence studies by infecting nine groups of healthy, speci�c pathogen-free (SPF) chickens
with cell culture-puri�ed virus. The chickens of group 3 and group 7 were vaccinated with HVT (FC126
strain), while those of group 4 and group 8 were inoculated with CVI988, and group 5 and group 9 were
vaccinated with HVT (FC126 strain) plus CVI988. Groups 2 and group 6 were not vaccinated. Then,
groups 2–5 were challenged with LZ1309, while group 6–9 received the vv MDV strain Md5. Group 1 was
inoculated with Dulbecco’s modi�ed Eagle’s medium (DMEM) as a control.

There were no clinical signs of infection observed in any of the nine experimental groups during the �rst
30 days, except for one bird that died before day 6 due to a quality problem acknowledged by the
supplier. The incidence of infection in group 2 using the LZ1309 strain was 100%, and the mortality
reached 90% (Table 2). In comparison, both the morbidity and mortality of the chickens in group 6,
infected with the vv MDV Md5, were 100% at 64 dpi. The earliest deaths appeared at 34 and 14 days
post-challenge in chickens infected with LZ1309 and Md5, respectively. The mortality peaks occurred on
days 71–88 and 54–64 post-challenge in groups infected with the LZ1309 and Md5 strains, respectively
(Fig. 3). The results showed LZ1309 had almost as high pathogenicity as Md5 strain, but the mortality
peak was much later than Md5.
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Table 2
Statistics of chickens challenged with MDV strains (n = 20) at 90 days post-challenge

Groups Vaccine
strain

Challenge
strain

N MD
cases(n)

Morbity

Dead
cases(n)

Mortality

PI1 Tumor cases
(n)

Tumor
Incidence

1 None None 20 0 0 0 0

2 None LZ1309 20 20/20
(90%)

18/20
(90%)

- 5/20 (25%)

3 HVT LZ1309 19 6/19
(31.6%)

2/19
(10.5%)

68.4% 2/19
(10.5%)

4 CVI988 LZ1309 20 3/20
(15%)

1/20 (5%) 85% 0/20 (0%)

5 HVT + 
CVI988

LZ1309 20 2/20
(10%)

0/20 (0%) 90% 0/20 (20%)

6 None Md5 20 20/20
(0%)

20/20
(100%)

- 9/20 (45%)

7 HVT Md5 20 8/20
(40%)

2/20 (10%) 60% 2/20 (10%)

8 CVI988 Md5 20 5/20
(25%)

0/20 (0%) 75% 0/20 (0%)

9 HVT + 
CVI988

Md5 20 1/20 (5%) 0/20 (0%) 95% 0/20 (0%)

Note: 1 PI, protective index.

3.2.2 Vaccine protection index and tumour incidence
The vaccine protection indices for the groups challenged with strain LZ1309 after vaccination with HVT,
CVI988, and HVT plus CVI988 were 68.4%, 85%, and 90%, while as for Md5 were 60%, 75%, 95%,
respectively. Post-mortem examination of the chickens in the positive-control LZ1309 group (group 2)
identi�ed tumours in the liver, spleen, and heart. The incidences of tumours in chickens infected with
LZ1309 and Md5 were 25% and 45%, respectively (Table 2). The CVI988 vaccine prevented the LZ1309
and Md5 strains from causing tumours, but the HVT vaccine did not. Two infected-LZ1309 birds
vaccinated with HVT died from organ tumours.

3.2.3 Immune Organ Damages of LZ1309-infected chickens
The body weights and immune organ indexes of three chickens randomly selected from each group were
measured and analyzed at 35 dpi. Compared with control group, both LZ1309 and Md5 strain could
signi�cantly reduce body weight infected-chickens (p < 0.001). There was no difference of the body
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weight between LZ1309 and Md5 group (p > 0.05). The results of indexes of immune organs showed that
both LZ1309 and Md5 could induce bursal and thymic atrophy more severely than control group (p < 
0.001). Moreover, LZ1309 and Md5 caused severe spleen enlargement compared to the control group (p 
< 0.01, p < 0.001, respectively) (Fig. 4). The results indicated that LZ1309 strain could affect the growth
and development of chickens, as well as the damages of immune organ induced severe
immunesuppression.

3.2.4 Histopathology
The pathological results of the unvaccinated LZ1309 group indicated the presence of focally distributed
lymphocytic proliferation in the liver tumours. The red and white pulp of the spleen edges was not sharply
demarcated, and there was atrophy in the white pulp, which in some cases was completely absent and
replaced by a diffuse distribution of lymphocytes. In the heart tissue, lymphocyte proliferation was
observed between myocardial �bres. The cortex of the bursa of Fabricius was reduced or disappeared.
Necrosis of the medullary cells formed a cavity, with shrunken follicles and decreased numbers of
lymphocytes (Fig. 5).

4. Discussion
Highly virulent MDVs causing tumours and death have been frequently reported in chicken �ocks
immunized with HVT, HVT plus SB1, or CVI988 in Japan, Australia, Turkey, the USA[14–17]. Recently,
UDEACO-2013 strain clustered with other vv + MDVs according to phylogenetic analysis, was reported
from a poultry farm in Colombia that had vaccinated chickens with the MeHV-1 strain FC126 and GaHV-2
Rispens strain[9]. However, in China, MDVs isolated from chicken �ocks immunized with HVT plus
CVI988 have not previously been reported. In this study, a highly virulent MDV designated LZ1309 was
�rst isolated from a chicken �ock vaccinated with HVT plus CVI988 from Gansu Province, China.

The gold standard of Avian Disease and Oncology Laboratory (ADOL) method for determination of
pathotype is based on the induction of lymphoproliferative lesions in vaccinated chickens[18]. Its
limitations include requirements for a speci�c type of chickens, large numbers of animals, and a
statistical method to compare which is not conducive to be used it in other laboratories. A modi�cation of
the ADOL method that utilizes local SPF chickens and comparisons with prototype strains is proposed to
evaluated the pathogenicity and vaccine e�cacy of �eld MDV isolates[2]. By this method, we found the
morbidity and mortality of LZ1309 were 100% and 90% respectively in unvaccinated SPF chickens at 90
dpi. These results were similar to those found with the vv MDV strain Md5, in which both the morbidity
and mortality were 100% under the same experimental conditions at 64 dpi. Compared with Md5, LZ1309
had a longer latent infection period, with the �rst death occurring at 35 dpi. The mortality peak at 71–88
dpi was much later than that of Md5 at 54–64 dpi, but was similar to those of strains SD2012-1 at 60–85
dpi and BS/15 at 63–84 dpi[19, 20]. The tumour incidence of LZ1309 was 25% which was lower than
Md5 strain. Tumours in LZ1309-challenged chickens were most commonly found in the liver, heart, and
spleen and it was con�rmed by histopathological sections. Moreover, LZ1309 caused more severe
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atrophy of the immune organs, especially in the thymus and bursa which was more likely to induce
immunodepression seriously.

The protection indices of HVT, CVI988, and HVT plus CVI988 against LZ1309 challenge were 68.4%, 85%,
and 90%, respectively. This indicates that the HVT vaccine does not provide the ideal protective effect.
CVI988 vaccines provide fairly well protection against LZ1309 with an index of 85% and the HVT plus
CVI988 vaccine provides even better protection with an index of 90% under experimental condition.
However, this is not a negligible percent of vaccine protection rates and it is expected to be decreased
under �eld condition.

Previous studies have suggested that virulences among �eld MDV strains are diverse, and several newly
isolated MDV strains from China and other countries have obtained the ability to counter vaccines[21–
23]. Existing commercial vaccines do not provide complete protection against LZ1309 and other MDV
strains, indicating that these viruses are most likely still spreading on farms and may cause greater
economic losses to the poultry industry. According to the trade-off hypothesis, which focuses on whether
there is a transmission–virulence relationship in a particular disease interaction, vaccination can select
for higher virulence[24]. Therefore, epidemiological investigations and constant MDV monitoring is
important. Moreover, it is necessary to develop better preventive measures and establish a healthier
feeding environment in order to reduce chicken morbidity and mortality on these farms.

5. Conclusions
In conclusion, we isolated a highly virulent MDV strain, LZ1309, from an HVT plus CVI988 vaccine-
immunized chicken �ock in China. Animal experiments showed that the virulence of LZ1309 was similar
to that of the reference vv MDV strain Md5, with morbidity and mortality rates of 100% and 90%,
respectively. The commercial vaccines CVI988 and HVT plus CVI988 provided effective protection against
LZ1309 at 85% and 90%, respectively. The most important MD preventive measures are the monitoring of
MD occurrence in real time and the development of strict immunization procedures.
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Figure 1

Detection of MDV, ALV and REV CIAV by PCR using primers speci�c for (A) MDV (B) ALV (C) REV (D) CIAV.
Lane M, DL 2000 DNA Marker; Lane 1, Spleen of infected chicken from farm with an MD outbreak; Lane 2,
DEF culture infected with MDV LZ1309; Figure 1-A Lane 3*: Md5 a very virulent Positive MDV control with
two copies of 132 bp; Figure 1-B-D Lane 3: Positive control for ALV, REV and CIAV, respectively; Lane 4,
Negative control, CEF culture without infection.
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Figure 2

Cytopathogenic effects in CEF cell monolayers infected with LZ1309. (A). Infected cells 0. (B).Uninfected
cells 0. (C). Indirect immuno�uorescence of infected cells stained with the GB2 monoclonal antibody 0
(D). Indirect immuno�uorescence of uninfected cells .
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Figure 3

Survival of SPF chickens challenged with virus strains LZ1309 strain, HVT, CVI988 and HVT plus CVI988
vaccines against strains LZ1309, vvMDV Md5 and non-infected control.
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Figure 4

Body weights and immune organ index of three chickens randomly selected from each group at 35 dpi.
The data are shown as Mean ± SD and differences were considered to be statistically significant at p <
0.05 (*), p<0.01 (**), p<0.001 (***). (A) Body weights (kg) of three chickens in each group; (B)
Spleen/body weight (g/kg) of three chickens in each group; (C) Bursa/body weight (g/kg) of three
chickens in each group; (D) Thymus/ body weight (g/kg) of three chickens in each group.



Page 16/16

Figure 5

Histopathologic observation of diseased chickens in groups infected with the LZ1309 strain. (A) Liver
(100×); (B) Spleen (200×); (C) bursa (40×). H and E staining


