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A B S T R A C T

Since 2017, a disease that is characterized by spleen necrosis and swelling has emerged in China's main meat
duck breeding provinces, this disease generally causes a large number of ducks to develop a poor mental state
and either an increase or loss of appetite, as well as potentially resulting in death. Necrosis of spleen in this
disease weakens the duck’s immunity, therefore often leading to secondary infection. The net result of this is
significant economic loss to China's duck breeding industry. In our previous research, we determined that the
pathogen causing this disease is a new variant duck orthoreovirus (N-DRV). Because the morbidity and mortality
rates of the isolate were higher than those of the previously reported strains, 180 healthy 1-day-old Cherry
Valley ducklings were selected to be artificially infected in order to determine the pathogenicity of the strain.
The weight gains of numbers of the infected group were significantly inhibited after they had been inoculated
with the virus, which continued to detoxify in the blood and the cloaca. The main target organ of the virus is the
spleen, although the virus can also attack the brain, this does not lead to any obvious pathology in this organ.
These findings have enriched our understanding of the N-DRV-XT18 virus and have lain the foundation for
further study of the pathogenic mechanism of this virus.

1. Introduction

Avian orthoreovirus (ARV), which belongs to the Orthoreovirus
genus in the family Reoviridae, is a nonenveloped double-stranded RNA
virus that has a double-nucleotide capsid structure (Van Der Heide,
2000; Fauziah et al., 2008). Viral particles have icosahedral symmetry
with a diameter of 70−80 nm (Walker et al., 1972). By means of the
different genome segment migration modes by polyacrylamide gel
electrophoresis, the whole genome of ARV can be divided into 10 gene
segments (Joklik, 2010), including 3 large (L1, L2, L3), 3 middle (M1,
M2, M3), and 4 small (S1, S2, S3, S4) segments, which encode eight
structural proteins (λA, λB, λC, μA, μB, σA, σB, σC,) and four non-
structural proteins (μNS, p10, p17, σNS) (Nick et al., 1975; Spandidos
and Graham, 1976; Varela and Benavente, 1994). Among these pro-
teins, σB, σC and μB proteins play important roles in virus receptor-
binding, entry and fusion (Bodelón et al., 2001; Tang et al., 2005;
Goldenberg et al., 2010).

ARV was first identified as pathogenic agent of tenosynovitis in

young chickens (Kibenge et al., 1987). As understanding of the virus
increases, ARV has been found to infect a variety of poultry, including
broiler breeders (Ide and Dewitt, 1979), layer breeders (Gussem et al.,
2010; Tang and Lu, 2015a), duck (Gaudry et al., 1972; Jones and
Guneratne, 1984), goose (Vilmos et al., 2003; Tao et al., 2012), turkey
(Simmons et al., 1972), pigeon (Vindevogel et al., 1982), and quails,
and has been associated with a variety of diseases in poultry. Viral
arthritis/tenosynovitis is the most common disease caused by ARV
(Tang and Lu, 2015b), and other conditions such as respiratory disease,
enteric disease, immunosuppression, loss of appetite and develop-
mental retardation are also common (Jones and Guneratne, 1984;
Dandár et al., 2013). ARV infection in poultry is age-dependent and
younger birds are more susceptible to this virus (Rosenberger et al.,
1989).

Waterfowl-derived reovirus was first isolated in South Africa
in1950. This strain was named classic Muscovy duck reovirus (MDRV),
since it was isolated from Muscovy ducks. In China, an initial report was
published in 1997, describing the emergence of MDRV in the main
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production area of Muscovy ducks in Southern China (Zheng et al.,
2016). In the past few years, the newly emerging waterfowl-derived
reovirus strains have caused widespread problems with disease in
China, which include a new kind of goose orthoreovirus that causes
hemorrhagic necrotic hepatitis in geese (Tao et al., 2012), a new type of
MDRV that causes liver necrotic and bleeding spots in Muscovy ducks
(Chen et al., 2012), and duck orthoreovirus (DRV) that causes splenic
necrosis in Pekin ducks (Zhao, 2011). However, there have been no
reports on the classification and localization of these isolates, and there
are very few reports about the pathogenicity of the different pathogenic
types represented in the strains.

Since December 2017, an infectious disease characterized by swel-
ling and necrosis of the spleen has been spreading through duck farms
in many regions of Shandong province, this disease differs from the
previously described disease that can also cause spleen necrosis. Since
the initial outbreak in December 2017, the incidence of this new disease
has been rapidly rising and expanding geographically; at present, the
disease occurs in Jiangsu, Henan, Hebei, Anhui and other major duck
breeding provinces in China. The mortality rate of infected ducks can
reach 50 %–60 %, causing severe economic losses to the duck farming
industry (Wang et al., 2019); however, the pathogenicity of this strain is
still unclear. In this study, we successfully established an animal model
of infection of the N-DRV strain N-DRV-XT18 in Cherry Valley Duck-
ling. The weight changes, clinical symptoms, gross and microscopic
pathological changes, viral shedding and viral load in organs were
monitored and systematically analyzed.

2. Materials and methods

2.1. Virus strain

A variant duck orthoreovirus strain which named N-DRV-XT18
(GenBank Accession No. MK749398-MK749407) was isolated from the
spleen of Pekin duck with spleen swelling and necrosis in Shandong
province, China. The isolated virus was grown and titrated in LMH
(Leghorn Male-chicken Hepatocellular-carcinoma, ATCC CRL-2013)
cell, and was strictly tested for sterility and the presence of duck ex-
traneous agents by polymerase chain reaction (PCR) assays (including
avian influenza virus, newcastle disease virus, avian orthoreovirus,
tembusu virus, fowl adenovirus, duck plague virus, duck hepatitis
virus) (Niu et al., 2017). The median tissue culture infective dose
(TCID50) of the N-DRV-XT18 strain was 10−6.52/0.1 mL, which was
calculated using the Reed-Muench assay.

2.2. Animals and ethics statement

180 healthy Cherry Valley ducklings (1-day-old) were purchased
from the commercial hatchery of New Hope Liuhe Group which limited
in Xintai city, Shandong province, China. Before experiments, serum
samples and cloacal swabs were collected from ducklings and tested by
qPCR to confirm that they were free of N-DRV infection or other duck
pathogens, and then, the ducklings were tested negative for N-DRV
antibodies. These ducklings were randomly divided into three groups (n
= 60/group): oral group intramuscular injection group and control
group. The intramuscular injection and oral groups were inoculated
with 0.2 mL (10−6.52/0.1 mL) virus culture supernatant. The control
group was inoculated with equal doses of stroke-physiological saline
solution (SPSS) at the same injection site (Chen et al., 2019). The three
groups were reared in separate houses, and ensured that feeding con-
ditions were consistent and free from contamination of exogenous pa-
thogenic agents.

All animal infection experiments were conducted in accordance
with the “Guidelines for Experimental Animals” of the Ministry of
Science and Technology (Beijing, China) and were conducted under the
supervision of the Animal Protection and Utilization Committee of
Shandong Agricultural University.

2.3. Samples collection

Sample collection points were set at 1, 2, 4, 6, 8, 10, 12, 14, 16, 18,
21, 24 and 27 day-post-infection (dpi). At each sample collection node,
3 ducklings were randomly selected from each group to weigh and
record the changes of body weight, and observe the clinical signs. The
cloacal swabs and anticoagulant blood of ducklings were collected, and
then ducklings were euthanized with intravenous pentobarbital sodium
(New Asia pharmaceutical, Shanghai, China) and autopsied. The cloacal
swabs were dissolved in 1.0 ml PBS buffer was added, frozen-thawed
three times, sterilized passage through a 0.22 μm filter. The swab fluids
and anticoagulant blood were stored for RNA extraction for follow-up
experiments. At the time of autopsy, samples of spleen, liver, thymus,
kidney, lungs, intestine, brain, pancreas and stomach were collected for
the measurement of viral load. A group of samples separated from each
tissue were fixed in 10 % neutral buffer formalin, and paraffin tissue
sections were made. Sections were stained with hematoxylin and eosin
for microscopic examination.

2.4. Genomic RNA extraction and quantitative real-time PCR (qPCR) for
viral load

The total virus RNA was extracted from the swab fluids and tissue
samples using RNAprep pure Tissue Kit (TIANGEN, Beijing, China), and
from the anticoagulant blood samples using RNAprep Pure Hi-Blood Kit
(TIANGEN, Beijing, China), according to the manufacturer’s instruc-
tion. These extracted RNA samples were detected the concentration
using DeNovix DS-11 Spectrophotometer (Nanodrop, USA) and stored
at -20℃. The viral load in the samples was detected by the Taqman
probe real-time quantitative PCR method previously established by our
team (smallest detectable amount was 10 copies/μL). The N-DRV-spe-
cific primers and TaqMan probe were designed to target the S2 gene of
N-DRV isolate, the primers and probe sequences were shown as follows:
NDRV-F: 5’-CCCGGATTCTCGATGAATGGT-3’ (958-978), NDRV-R:5’-
CGACCCACTGCTGGATACAAG-3’ (1022-1042), Probe: FAM-5’r-AACG
CCTGTGCACGAGCTGAAC-3’-TAMRA r.

The qPCR amplification reaction is carried out with One Step
PrimeScript™ RT-PCR Kit (TaKaRa, Dalian, China), and the reaction
mixture containing 10 μL of 2X One Step RT-PCR Buffer III, 0.4 μL each
of TaKaRa Ex Taq HS (5U/μl), PrimeScript RT enzyme Mix II, PCR
Forward Primer (0.2 μmol/L) and PCR Reverse Primer (0.2 μmol/L), 0.4
μL of Probe (0.2 μmol/L), 2 μL of total RNA, and then add RNase Free
dH2O in a final volume of 20 μL. The qPCR was conducted with Applied
Biosystems 7300FAST Real-Time PCR System under the following
conditions: 42℃ for 5 min and 95 ℃ for 10 s, 40 cycles denaturation at
95 ℃ for 5 s and annealing and elongation at 60 ℃ for 20 s, At the end
of each annealing and elongation step, fluorescence signals for each
sample were collected. The cycle threshold (CT) values and standard
curve were analyzed by Sequence Detector software (version 2.1,
Applied Biosystems).

2.5. Statistical analysis

Statistical analyses of body weight and viral load data were carried
out by using Graph Prism (GraphPad Software Inc.), and were ex-
pressed as means± SD, data from the two infection groups were
compared with those from the control group in the same chart.
Statistical significance was set at P<0.05.

3. Results

3.1. Clinical signs following inoculation with N-DRV in ducklings

In order to investigate the pathogenicity of N-DRV to Cherry Valley
ducklings, we monitored their clinical signs for 30 days. The clinical
signs of intramuscular injection group and the orally administered
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group were basically consistent after inoculation. The infected ducks
began to show clinical symptoms at 2 dpi; the main clinical signs were
that the ducklings seemed dispirited, had reduced appetites (Fig. 1A),
and excreted white thin feces (Fig. 1B). Some of the ducklings walked
with body sway and an unsteady gait. The morbidity of the infection
group was 100 %, but the mortality rate of the ducklings was lower,
being 8.3 % in the orally administered group and 5 % in the injection
group.

3.2. N-DRV infection inhibits body weight gain in ducklings

In order to explore the effect of the virus on the weight gain of
ducklings, we tested the weight changes of infected and control ducks.
The results showed that N-DRV-XT18 could significantly inhibit the
weight gain of infected ducklings, after inoculation with the virus,
compared with the control group (Fig. 1C). The inhibitory effect was
more pronounced in the orally administered group than that in the
injection group, and the average weight of the control group by end of
the study was nearly twice that of the orally administered group
(Fig. 1D).

3.3. Severe spleen necrosis in ducklings induced by N-DRV infection

Three ducks were randomly selected from each sampling point for
autopsy after euthanasia to observe the pathological state of the spleen,
and the pathological spleen was preserved for preparation of patholo-
gical sections. After observation, the pathological changes of the orally
administered group and the injection group were the same, those of the
spleens of the experimental ducks being consistent with the symptoms
of the naturally infected ducks (Fig. 2A). The spleens of the infected
ducklings were enlarged and bleeding slightly bleeding at 2 dpi, and
enlarged with red bleeding plaques at 4 dpi, and necrotic lesions had
appeared in the infected ducklings’ spleens (Fig. 2B). At 6 dpi, the
spleens of infected ducklings began to show large area necrosis
(Fig. 2C). When the disease progressed to 8 dpi, some diseased ducks
showed necrosis of the entire spleen, which had become hard and had
lost the luster and shape of a normal spleen (Fig. 2D). According to the
time of infection, there were obvious histopathological changes in the
spleen. First, the boundary between the red and white pulp became
unclear, lymphocytes were markedly reduced, and large numbers of red

blood cells were present locally (Fig. 2E). The boundaries of the ne-
crotic areas became clearer, and lymphocytes were further reduced; the
necrotic areas became surrounded by fibrous tissue and were infiltrated
by inflammatory cells (Fig. 2 F/G). In the later stages of the observa-
tion, the necrotic area of the spleen was replaced with glandular gastric
tissue, and a large number of macrophages and fibroblasts appeared
(Fig. 2H).

3.4. Pathological changes of other organs induced by N-DRV infection

Other organs also showed varying degrees of lesion: there was
thymus swelling, which was accompanied with the appearance of he-
morrhagic spots (Fig. 3A); bursas became swollen and edematous
(Fig. 3B); and there was liver enlargement, and bleeding, and some
infected ducks developed white necrotic spots in liver (Fig. 3C). With
regard to microscopic lesions, scattered necrosis of lymphocytes and
reticulum cells and lymphocyte reduction could be observed in the
medulla of the thymus (Fig. 3D/G). Lesions in the bursas were char-
acterized by interstitial edema, lymphocyte reduction and in-
flammatory cells being scattered in the necrosis (Fig. 3E/H). Hepatic
steatosis occurred, in which the nuclei of cells are squeezed to one side
by fat droplets, and there was coagulation necrosis in the liver tissue
(Fig. 3F/I).

3.5. Stable viral shedding in the blood and cloaca of ducklings induced by
N-DRV

By detecting the virus RNA in the blood and cloaca at different time
points, we arrived at the viral shedding rule after infection. The viral
load in the samples was detected by the Taqman probe qPCR method.
Results showed that the virus RNA was detected in the cloacal swabs
and blood samples of the infection group at 1 dpi, and the control group
ducklings constantly tested negative for N-DRV. The virus load in the
blood of the orally administered group remained at a high level for 2–8
dpi after inoculation and then dropped, but reached another peak at 16
dpi, after which it remained relatively stable. Changes of virus content
in the blood of the injection group were consistent with that of the
orally administered group, and two peak periods were also observed,
whereas the RNA detected in the cloaca showed only one significant
peak at 2–4 dpi (Fig. 4A). After the peaks at the 2 dpi (orally

Fig. 1. Clinical symptoms and weight
changes of the infected ducklings. (A)
Dispirited and reduced appetite; (B) excreted
white thin feces; (C) the weight difference be-
tween the infected group and the control group
was significant; and (D) the body weight
change rules of the orally administered, in-
tramuscular injection, and control groups are
shown in different colors.

H. Wang, et al. Veterinary Microbiology 242 (2020) 108546

3



administered group) and 4 dpi (injection group), the virus load in the
cloaca of the orally administered group and the injection group gen-
erally showed a gradually decreasing trend. From 6 dpi to the end of the
whole experiment, the cloaca of the two infection groups showed
consistent and stable detoxification. At 14–16 dpi, there was a small
increase of virus load in the cloaca of the two infection groups (Fig. 4B).

3.6. Changes of virus load in ducklings following inoculation of N-DRV

The viral loads in samples of the spleen, thymus, bursa, brain, heart,
liver, lungs, kidney, pancreas, intestines and stomach were collected by
detecting virus RNA using qPCR. Among the 11 organs we monitored,
all of the samples in orally administered group and some of those from

Fig. 2. The pathological and histopathological changes in the spleens of infected ducklings. (A) The spleen of the orally administered group (middle) and the
injection group (right side) showed obvious swelling and necrosis, whereas there was no obvious pathological change in the control group (left side); (B) necrotic
lesions appeared in the severely infected duck spleen; (C) the spleen began to show large area necrosis; (D) the spleen was hard and had lost the luster and shape of a
normal spleen; (E) the boundary between the red and white pulp was not clear, lymphocytes were markedly reduced and large amounts of red blood cells were locally
present; (F, G) the boundaries of the necrotic areas became clearer, and lymphocytes were further reduced, surrounded by fibrous tissue and infiltrated by in-
flammatory cells; and (H) the spleen was replaced by glandular gastric tissue, and a large number of macrophages and fibroblasts appeared. All results were observed
by HE staining (100×) (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).

Fig. 3. The pathological and histopathological changes in the other organs of infected ducklings. (A) Swelling of the thymus with bleeding spots on the
surface; (B) edema of the bursa; (C) swelling of the liver with white necrotic spots; (D, G) HE stained thymus sections showed scattered necrosis of lymphocytes and
reticulum cells and lymphocyte reduction (100×); (E, H) HE stained bursa section showed interstitial edema, lymphocytes reduction and inflammatory cells
scattered in the focal necrosis (100×); and (F, I) HE stained liver sections showed hepatic steatosis and coagulation necrosis (100×).

H. Wang, et al. Veterinary Microbiology 242 (2020) 108546

4



the ducklings in the injection group tested positive for the virus at 1 dpi,
whereas only some organs of the ducklings in the injection group tested
positive (heart, liver, kidney, pancreas and intestines) (Fig. 5). During
the entire study, the viral load in the spleen, thymus and bursa was
significantly higher than that in other organs (Fig. 5A–C). It is note-
worthy that the virus nucleic acid could be detected in the brains of
both experimental groups, suggesting that N-DRV has the ability to
break through the blood-brain barrier (Fig. 5D). After the viral load
peaked in all monitored organs shortly after inoculation, the viral RNA
content in the organs decreased and then remained at a relatively stable
level. However, some organs showed a second small peak change be-
tween 14 and 16 dpi, and recovered to a relatively stable level after 18
dpi. Moreover, when these two infection groups were compared, the
overall number of virus copies in the tested tissues was higher in the
orally administered group than that in the injection group, and no virus
RNA was detected in the control group.

4. Discussion

Duck spleen necrosis disease (DSND) of Pekin duck, first reported in
China in 2006, is an acute infectious disease caused by DRV (Zhao,
2011). At present, it is one of the most important diseases that seriously
endanger the healthy development of the duck breeding industry.
During the subsequent 10 years of evolution, DRV strains have showen
the diversity of pathogenicity (Wang et al., 2019). Primordially, DRV
caused 10 %–15 % mortality in Pekin ducklings, with the mortality rate
increasing to 40 % in DRV TH11 strain isolated in 2011 (Chen et al.,
2012) and to 60 % in the variant DRV strain, named HN5d reported in
2013 (Zheng et al., 2016). Since December 2017, an infectious disease
characterized by spleen swelling and necrosis has spreading through
duck farms in many regions in East China. This new infectious disease
differs from the classical DSND: it has higher morbidity and mortality,
and its epidemic range is expanding. Sequence similarity and phylogeny
analysis showed that there were some differences between N-DRV-XT18
and the previously reported strains, which were explained in detail in
our previous report (Zhao, 2011; Wang et al., 2019). However, so far,

there have been no detailed reports on the pathogenicity of the N-DRV-
XT18 strain. With this in mind, the research on the pathogenicity of N-
DRV-XT18 is helpful to further explore the pathogenic mechanism of
the N-DRV, which is of great significance to effective control of the
occurrence and epidemic of this virus.

In this study, we successfully constructed an animal regression ex-
periment for N-DRV-XT18 using healthy 1-day-old Cherry Valley
Ducklings. Duckling in both the orally administered and the injection
groups showed obvious spleen necrosis and swelling, which were con-
sistent with ducklings observed in the natural outbreaks. Although the
incidence rate of infected ducks reached 100 %, the mortality rate of
infected ducks was relatively low: 8.3 % in the orally administered
group and 5 % in the injection group. This mortality rate was not re-
produced in the ducklings observed in the natural outbreaks. The re-
sults were consistent with other previous studies (Zheng et al., 2016),
N-DRV infection led to damage of the spleen and other immune organs.
In this study, the pathological changes of the infected duck's spleens
successively showed swelling, hemorrhage, mild necrosis, severe ne-
crosis and spleen sclerosis, and the other main immune organs also
showed tissue necrosis and severe lymphocyte loss. The invasion of the
virus into the immune organs may be the main reason for the decrease
in immune function in ducklings, which leads to infection with other
pathogenic microorganisms and further causes death (Ayalew et al.,
2017).

Between the orally administered and intramuscular injection
groups, there were no significant differences in clinical symptoms, gross
lesions, viral shedding and viral load; the pathogenicity effects of the
two vaccination methods were basically consistent. In general, oral
inoculation can cause toxicity damage to the virus due to the action of
various digestive enzymes in the gastrointestinal tract. The results of
this study may be because cecal tonsils in the digestive tract are highly
sensitive to orthoreovirus, and this offsets the damage of various en-
zymes in the digestive tract. Interestingly, subcutaneous injection with
DRV has also been reported to be nonpathogenic in Pekin ducklings
(Heffels㏑edmann et al., 1992).

N-DRV RNA can be detected continuously in the cloacal swabs of
both orally administered and injection groups post infection. Viral nu-
cleic acids released from the cloaca, which contaminate feed and
drinking water, cause more widespread infections. It is certain that the
widespread infection of DRV is closely related to the shedding of
cloacae, which also suggests effective measures to by which disease
spread could be prevented. There were two peaks of virus content in the
blood. The first peak was when the inoculated virus entered the blood
circulation. After virus proliferation to a certain number, the virus en-
tered the tissues and organs via the blood, and the virus content in the
blood gradually decreased, which was reflected at 4–10 dpi. The virus
colonized in the tissues and organs, and after further replication and
increment, the virus released from the tissues and cells reentered the
blood, forming a second peak (14–16 dpi). After inoculation, the virus’
nucleic acid in the blood of the injection group was lower than that of
the orally administered group, the reason for this being that a large
number of immune cells and antibodies existed in the blood, which had
phagocytic and scavenging effects on the virus, and the scavenging
effect of the gastrointestinal mucosa was relatively weak.

In the early stages of infection, viral RNA was detected in all 11
organs monitored, which means that N-DRV has extensive tissue
tropism and can quickly invade and replicate in various tissues and
organs, including the brain. The spleen contained the highest con-
centration of N-DRV, indicating that it may be the main target organ of
N-DRV; this was consistent with earlier works (Zhao, 2011; Zheng et al.,
2016). Along with several other organs with high viral loads, such as
the thymus bursas and intestines, can be used as the optimal organ for
monitoring for N-DRV infection. The data also further confirmed that
the N-DRV had a strong erosive ability on the spleen, thymus, bursas
and other immune organs, resulting in dysfunction of immune organs,
which may be the main factor in the secondary infection of ducklings

Fig. 4. Rules of viral shedding in the blood and cloaca. (A) Rules of viral
shedding in the blood and (B) cloaca. The rules of the orally administered,
intramuscular injection, and control groups are showed in different colors.
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after infection with the N-DRV. Detection of viral RNA in the brains
suggested that N-DRV could easily pass through the blood-brain barrier,
although infected ducks showed no neurological symptoms, this me-
chanism requires further research.

In general, the pathogenicity of the N-DRV-XT18 strain differed
from that of the DRV isolates of Pekin duck previously reported. To the
best of our knowledge, this is the first report on the pathogenicity of
variant duck orthoreovirus to Cherry Valley ducklings. This study
provides a basis for further research on the pathogenesis of the newly
discovered DRV variant strain. In our previous report, the differences
between the N-DRV-XT18 genome and reported strains were also in-
troduced in detail. To combat the continued occurrence and prevalence
of the disease, an effective vaccine urgently needed for prevention and
control. However, a mechanism of virulence enhancement and genomic
reassortment also requires further investigation.
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