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Abstract
Duck short beak and dwarf syndrome (SBDS) is a viral infectious disease caused by novel duck
parvovirus (NDPV). It has brought serious economic losses to the Chinese duck industry in recent years.
Currently, there exists no effective vaccine against this disease. In this study, we developed an inactivated
virus vaccine based on NDPV-DS15 for SBDS. Immune e�cacy was evaluated in 112 ducks, which were
randomly divided into vaccination, challenge control, vaccination-challenge, and blank control groups (n 
= 28 each). Clinical characteristics, antibodies, viral excretion, viremia, and pathological changes were
monitored and analyzed. No morbidity or death was observed in the immunized ducks, which showed
normal weight and good mental state. High levels of serum antibodies (OD450 nm: ~0.63) were detected in
ducks immunized with inactivated vaccine at 7 days post-vaccination (dpv), and the amount of virus
neutralizing antibodies increased from 1:23 to 1:28.5 from 7 dpv to 42 dpv. The anal swab, serum, and
tissue viral load tests showed that vaccination could signi�cantly inhibit the replication of NDPV in
immunized ducks. Moreover, NDPV could not be isolated from the spleens of immunized or vaccination-
challenged ducks. Our results show that the developed inactivated NDPV vaccine, administered in an oil
emulsion adjuvant, possesses good immunogenicity and represents a potentially powerful tool for SBDS
prevention and control.

1. Introduction
As early as the 1970s, duck short beak dwarf syndrome (SBDS), caused by goose parvovirus (GPV), was
reported in European countries [12]. The main hosts, Muscovy and hybrid Muscovy ducks, exhibit short
beaks and severe growth retardation in 10–30% of affected ducks [12, 14]. In 1990, the Taiwan region of
China reported the occurrence of SBDS caused by a mixed viral infection of Muscovy duck parvovirus
and duck hepatitis virus [10]. At the end of 2014, duck SBDS caused by novel duck parvovirus (NDPV)
appeared on duck farms in many provinces and regions in China, which was mainly characterized by
skeletal developmental obstacles and severe growth retardation in Cherry Valley ducks, Pekin ducks, mule
ducks, and sheldrakes [1, 2, 8, 11, 18]. The mortality rate of this disease is not high (2–6%), but the
disabling elimination rate can reach 50%, causing serious economic losses to the duck industry [9]. The
disease is still prevalent in some areas, and can be mixed with other virus[5]. At present, there exists no
effective vaccine to prevent and control the disease.

Studies have shown that NDPV isolates are more pathogenic to ducks than classical GPV isolates [2, 11].
NDPV not only evolves at a much higher rate than GPV, but also possesses a higher rate of transmission
than GPV [3]. This demonstrates the evolutionary dominance of this pathogen and the threat it poses to
the duck breeding industry, which cannot be underestimated. Hence, there is an urgent need to develop a
vaccine that can prevent and control SBDS.

Although genome sequences and amino acid sequences of NDPV are more than 90% homologous to
those of GPV, there still exist differences in key amino acids, such as a change from Ser to Asn at
positions 489 and 650 in NDPV, and mutations at positions 7, 116, 366, and 444 [3, 8], which may result
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in the GPV vaccines to protect ducks against SBDS less effectively. Therefore, the protective e�cacy of
the GPV vaccine needs to be systematically validated in ducks.

More extensive research has been conducted on the prevention and control of gosling plague, including
testing of attenuated and inactivated vaccines. Although attenuated vaccines can stimulate the body to
produce an immune response more quickly, their safety is still an issue, which cannot be ignored. There is
a risk of the attenuated strain returning to a virulent strain as well as the possibility of recombination with
other virulent strains to form new strains with stronger pathogenicity. The causative pathogen of duck
SBDS, which was prevalent in 2019 in Linwu, Hunan, was a recombinant NDPV strain composed of N-
GPV sdlc01, GPV Y, and the vaccine strain SYG61v [16]. SDLY1602, isolated in Shandong, has been
shown to be a recombinant strain formed by the involvement of the primary parental GPV vaccine strain
82-0321v and the secondary parental GPV wild strain GDaGPV [9]. In addition, anti-GPV egg yolk
antibodies are clinically used for controlling the disease, but there could be biosafety risks associated
with the use of goose egg yolk antibodies for the prevention and control of duck diseases. Therefore, in
view of the current situation, the development of an inactivated NDPV vaccine for ducks having SBDS is
still the �rst choice for the prevention of SBDS.

In this study, we developed an inactivated virus vaccine based on NDPV-DS15 for SBDS and tested its
e�cacy in 112 ducks, which were randomly divided into vaccination, challenge control, vaccination-
challenge, and blank control groups.

2. Materials And Methods

2.1 Preparation of seed NDPV for challenge and vaccination
One-day-old embryonated Cherry Valley duck eggs were purchased from a commercial hatchery located
in Hangzhou, Zhejiang Province, China. No SBDS has ever been recorded in this area. The NDPV-DS15
strain was originally isolated in 2015, from Anhui province of China from a 4-week-old Cherry Valley duck
exhibiting signs typical of SBDS. DS15 was continuously passaged to the second generation in 9-day-old
embryonated Cherry Valley duck eggs, and NDPV-DS15-F2 was named as the challenge strain, which in
turn was continuously passaged to the 20th generation and used as the vaccine strain in this study.
Clari�ed suspensions of allantoic �uid and embryos from dead embryonated Cherry Valley duck eggs
were obtained from 3- to 6-days post-inoculation as described previously [17].

2.2 Preparation of inactivated NDPV-DS15 vaccine
The allantoic �uid from ducks harboring the 20th generation DS15 strain was used to produce the
inactivated virus vaccine. Suspensions containing NDPV were mixed with an inactivator, 2‰ β-
propiolactone, and then incubated at 4°C for 24 h to inactivate the virus before hydrolysis at 37°C for 2 h.
The above-mentioned solution, as the aqueous phase, was emulsi�ed with Montanide ISA 71 VG, as the
oil phase, at a ratio of 35:65; the �nal oil emulsion inactivated NDPV vaccine was milky white in color.

2.3 Clinical scoring and NDPV load detection and isolation
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In total, 112 ducklings were randomly divided into four groups (n = 28): vaccination (V), challenge control
(C), vaccination-challenge (V/C), and blank control (B) groups. The timing and dosage of vaccination and
challenge, and collection of anal swab, serum, and tissue samples from ducklings in each group are
described in Table 1. Clinical symptoms were observed and scored, and DNA was extracted from the
samples (tissue, serum, and anal swab) using an E.Z.N.A.® Tissue DNA Kit (Omega Bio-tek, Inc.,
Norcross, GA, USA). The NDPV load was quanti�ed using 20 ng DNA and an NDPV quantitative real-time
PCR (qPCR) assay, as described previously [20].

The tissue with the highest viral load would be used for the isolation of NDPV. The tissue was
homogenized in 0.01 M PBS solution and �ltered through a 0.22 µm �lter. Nine-day-old embryonated
Cherry Valley duck eggs were inoculated with the tissue �ltrate, and pathological lesions in embryos that
died at 36–120 h were observed. PCR was subsequently performed on DNA extracted from the allantoic
�uid of the dead embryonated eggs using a pair of NDPV identi�cation primers (F:5'-
CCGGGTAGACCAGAAATGTAA-3' and R: 5'-TAATTGTTCCTGCTTCTCTTAG-3').

2.4 Detection of antibodies in duck serum
VP3 is a major structural protein of parvoviruses [19]. NDPV-VP3-speci�c antibodies were analyzed using
a NDPV-VP3-based enzyme-linked immunosorbent assay (ELISA), which was established in our
laboratory. Serum samples were inactivated at 56°C for 30 min, diluted at 1:100 in 5% PBS, and the
absorbance was measured at 450 nm using an ELISA microplate reader (Aosheng, Hangzhou, China).

Virus neutralizing (VN) antibodies were tested as follows: serum samples were inactivated at 56°C for 30
min and then a 2-fold dilution was performed sequentially. Subsequently, the diluted samples were mixed
with an equal volume of culture medium containing 200 ELD50 (50% embryo lethal dose) of NDPV. The
mixtures were incubated at 37°C for 1 h and then injected into 9-day-old embryonated Cherry Valley duck
eggs. The eggs were incubated for 7 days in an incubator with 50% humidity at 37°C, during which the
number of duck embryo deaths per dilution was recorded. The 50% neutralization endpoint for each
serum sample was calculated using the method described by Reed and Muench [7].

2.5 Histopathological examination
Tissues were �xed in 4% neutral formalin at 24 ℃ for 48 h, dehydrated with ethanol, cleared with xylene,
embedded in para�n, and sectioned into 4 µm-thick sections. After depara�nization, the sections were
stained with hematoxylin and eosin (H&E). Pathological changes were scanned and observed using a 3D
histochemical scanner (Pannoramic 250; 3DHISTECH, Budapest, Hungary).

2.6 Statistical analysis
Data are presented as the mean ± standard deviation (SD). For comparison of groups, we used GraphPad
Prism software version 7.00 (GraphPad Software Inc., San Diego, CA, USA). Statistical signi�cance was
set at p < 0.05.
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3. Results

3.1 ELD50 of NDPV for the challenge and vaccine strains
The virulent challenge strain used in this experiment was NDPV-DS15-F2 and the vaccine strain was
NDPV-DS15-F20. The ELD50 values of the virulent challenge and vaccine strains were 10− 4.75/0.2 mL and

10− 5.5/0.2 mL, respectively.

3.2 Vaccination protects the ducks from signi�cant
pathological changes
After immunization and challenge, ducks in the V group showed no obvious pathological changes,
maintained normal feeding, and were in good mental condition. In contrast, ducks in the V/C group
showed no signi�cant difference from the B group, except for one duck that showed an easy fracture of
the leg bone after the challenge. The C group showed obvious pathological changes after 2 weeks of
challenge, especially in the form of serious growth retardation and easy fracture of the leg bones, two of
which symptoms were more severe and caused paralysis. This was in addition to other symptoms, such
as disheveled feathers, diarrhea, and mental atrophy (Table 2).

There was no signi�cant difference between the body weights of ducks in the V and V/C groups and that
of ducks in the B group at any time point. In contrast, the C group showed a signi�cant weight loss of
16.8–17.6% at 22 days of age (14 days post-infection [dpi]) compared with the weight of ducks in the V
and B groups, and a further weight loss of 23.3 ~ 27.4% at 43 days of age (35 dpi, Fig. 1).

3.3 Immunization with the vaccine inhibits NDPV replication
No signi�cant differences in NDPV load were observed between anal swabs, serum, or tissues of ducks in
the V and B groups. Anal swab viral load detection revealed that the duration of virus excretion was
shortened and delayed, and the amount of virus excretion was decreased in the V group compared with
that in the C group. In the V/C group, signi�cantly lower viral loads were detected only at 3 ~ 21 dpi, than
that in the C group (p < 0.0001, Fig. 2a). Low viral loads were detected in the serum

(7 dpi) and tissues (~ 15–22 days) of ducks in the V/C group only in the early stages of infection, and the
viral load was signi�cantly lower than that in the C group. The spleen, with the highest viral load, was
used for the isolation of NDPV (Figs. 2b and 3).

3.4 NDPV cannot be isolated from the immunized duck
spleen
The spleens of 29-day-old ducks (i.e., 21 dpi in the V/C and C groups and 28 days post-vaccination [dpv]
in the V group) were selected for NDPV isolation based on tissue viral load analysis. It was found that
extracts of the spleens of ducks in the C group could infect and kill the 9-day-old embryonated Cherry
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Valley duck eggs, and subcutaneous hemorrhages, edema, and hemorrhagic beak and feet were observed
in the dead duck embryos. In contrast, extracts of the spleens of ducks in both the V and V/C groups did
not show duck embryo infection, and the appearance of these ducks was not different from those in the B
group. PCR revealed speci�c NDPV-positive bands for the C group, whereas no positive target bands
could be detected for the other groups (Fig. 4).

3.5 Vaccines can induce high levels of antibodies
The antibody response speci�c for NDPV VP3 in the serum of all ducks was detected by ELISA. Similar
antibody trends were detected in the V and V/C groups; at 8 days (7 dpv), the OD450 nm values for the V
and V/C groups were 0.635 ± 0.241 and 0.702 ± 0.118, respectively, which were signi�cantly higher than
that recorded for the C group (0.193 ± 0.027; p < 0.01 and p < 0.001, respectively). Furthermore, the levels
of speci�c antibodies in the V and V/C groups exhibited a tendency to increase with time, with OD450 nm

>1 at 22 days (21 dpv). For the V group, the highest OD450 nm recorded was 1.625 ± 0.076 at 49 dpv, and
the value was maintained at 1.431 ± 0.189 until 63 dpv (Fig. 5a, b).

The VN titer was > 1:23 at 7 dpv, i.e., 50% of the duck embryos could be protected from death at a 1:8
dilution, after which the VN titer gradually increased to > 1:25 at 14 dpv, 1:26 at 21 dpv, 1:26.8 at 28 dpv,
1:27.7 at 35 dpv, and 1:28.5 at 42 dpv (Fig. 5c).

3.6 No pathological lesions are formed in immunized ducks
The histochemical analysis of the duck tissues from the V and V/C groups showed structurally intact
tissues with no obvious pathological abnormalities, similar to that of ducks in the B group. However, there
were signi�cant pathological changes in the spleen and lungs of ducks in the C group, including unclear
boundaries of red and white marrow and a large number of apoptotic necrosis areas, nuclear
fragmentation and lysis in the spleen, and obvious hemorrhage in the lung along with a large number of
in�ammatory cell nuclear fragmentations, light coloration, unclear boundaries of the lung lobules, and
broken capillary arms forming emphysema (Fig. 6).

4. Discussion
SBDS mainly causes severe growth retardation in Cherry Valley ducks, Pekin ducks, hybrid Muscovy
ducks, and sheldrakes. Clinically, the affected ducks primarily show typical pathological symptoms of
atrophy, and shortened beaks and swollen and outstretched tongues; however, it is generally di�cult to
reproduce these typical symptoms under arti�cial infection conditions [1, 12], which makes the evaluation
of vaccines for this disease di�cult. In this study, a vaccine was evaluated mainly in terms of clinical
symptoms, viremia, virus excretion, and virus isolation. It was shown that the NDPV isolates that were
prevalent in European countries had di�culties in replicating typical clinical symptoms, which may be
related to differences in pathogenicity of different strains, feeding conditions, and challenge doses.
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Studies have shown that the attenuated GPV vaccine is excreted in feces over a long period [15], and GPV
is very resistant to chemical and physical treatments [13]; thus, it is very di�cult to eradicate GPV
completely from infected farms. Hence, we focused on developing an inactivated virus vaccine for SBDS,
which is more advantageous in terms of safety. Generally, the immunization procedure for the GPV
vaccine is to immunize the mother goose so that the offspring can obtain immune protection, but
research shows that the immune antibodies obtained by the offspring can generally only be maintained
for 2–3 weeks [4, 6], and thus, the offspring may still cause infection for a long time until slaughter (2–3
months). Therefore, using an inactivated virus vaccine to strengthen the immunity of the offspring is an
effective means of disease prevention and control. It is also suggested that the timing is important when
vaccinating ducklings, with the earlier being the better. Therefore, we chose to immunize ducks at 1 day
of age in this study. The inactivated virus vaccine developed in this study produced NDPV-VP3-speci�c
antibodies detected at an OD450 nm ~0.63, with more than 1:23 of VN antibodies in ducks at 7 dpv. The
immunized ducks could resist virulent strain attacks, indicating that the inactivated virus vaccine could
induce the immunized ducks to produce a good humoral immune response in a short time post-
vaccination. The immunized ducks produced serum-speci�c antibodies with an OD450 nm >1 and VN

antibodies > 1:26 at 21 dpv, showing good immunogenicity. In addition, inactivated virus vaccines are
highly safe, inexpensive, and still occupy a large market in the �eld of veterinary vaccines.

The challenge protection test demonstrated that the vaccine could induce high levels of VN antibodies
after immunization, which could effectively inhibit the replication of NDPV and protect the immunized
ducks from the NDPV virulent strain challenge. Only one (1/28) duck exhibited a fracture-prone leg bone;
thus, the vaccine provided 96% protection. NDPV could not be isolated from the spleens of ducks in the V
and V/C groups, which provided a favorable assurance of the immune e�cacy of the inactivated virus
vaccine.

In conclusion, the inactivated NDPV-DS15 vaccine for SBDS developed in our study induced a good
humoral immune response, which not only protected the ducks against the virulent strain of NDPV, but
also continuously inhibited the replication of NDPV and reduced the risk of virus transmission. NDPV-
DS15 seemed to be a good candidate for an inactivated NDPV vaccine, and it would be a powerful tool
for the prevention and control of SBDS.

Abbreviations
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lethal dose; GPV: goose parvovirus; NDPV: novel duck parvovirus; qPCR: quantitative real-time PCR;
SBDS: short beak and dwarf syndrome; VN: virus neutralizing
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Tables
Table 1: Animal experimental design 

Group V C V/C B

Age vaccination challenge vaccination challenge

1day im
5×103.75ELD50
per duck

im
5×103.75ELD50
per duck

  im,
0.4mL
PBS

2days A A A A

5days A A A A

8days A, B, S A; im,
4×104.75ELD50 per
duck

A, im,
4×104.75ELD50
per duck

im,
0.4mL
PBS

9days A A A A

11days A A A A

15days A, B, S, T A, B, S, T A, B, S, T A, B, S, T

22days A, B, S, T A, B, S, T A, B, S, T A, B, S, T

28days A, B, S, T A, B, S, T A, B, S, T A, B, S, T

36days A, B, S, T A, B, S, T A, B, S, T A, B, S, T

43days A, B, S, T A, B, S, T A, B, S, T A, B, S, T

55days S

64days S

im: intramuscular injection; A: anal swab; B: body weight; S: serum; T: tissue; V: vaccination; C: challenge
control; V/C: vaccination-challenge; B: blank control; ELD50: 50% embryo lethal dose; Three ducks were
selected randomly from each group and euthanized; tissues sampled include the heart, liver, pancreas,
lung, kidney, duodenum, and thymus.

Table 2 : Evaluation of clinical symptoms of short beak and dwarf syndrome upon administering
inactivated novel duck parvovirus vaccine
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clinical symptoms V C V/C B

mental atrophy – + 5/28 – –

feather disheveled – +++ (18/28) – –

Fractures of the leg bones – ++++(28/28) +(1/28) –

Paralysis – +(2/28) – –

Diarrhea – +++(15/28) – –

Mental commiseration – +(4/28) – –

Discharge around eyes – +++(15/28) – –

 "-": no change; "+": mild; "+++": moderate; "++++": marked; V: vaccination; C: challenge control; V/C:
vaccination-challenge; B: blank control

Figures

Figure 1
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Body weight of the ducks in the four different experimental groups over time. V: vaccination; C: challenge
control; V/C: vaccination-challenge; B: blank control. Signi�cance is shown by **p < 0.01, ****p < 0.0001

Figure 2

Detection of novel duck parvovirus (NDPV) load. DNA copies are calculated as mean ± standard
deviation. (a) NDPV load in anal swabs; n = 4 in each group at each time point. *: signi�cant difference
between the C and V/C groups; ***p < 0.001, ****p < 0.0001. (b) NDPV load in serum; n = 4 in each group
at each time point. ****: signi�cant difference between the V/C and C groups, p < 0.0001. V: vaccination;
C: challenge control; V/C: vaccination-challenge; B: blank control
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Figure 3

Novel duck parvovirus load in duck tissues. DNA copies of 3 samples from each group at each time point
were analyzed, and data are presented as mean ± standard deviation. *: signi�cant difference between
the V/C and C groups; *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001. V: vaccination; C: challenge
control; V/C: vaccination-challenge; B: blank control
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Figure 4

PCR detection of novel duck parvovirus in DNA isolated from the spleens of ducks in the experimental
groups. Lanes 1~3: challenge control group, lanes 4~6: vaccination-challenge group, lanes 7~9: vaccine
immune group, lane N: negative control
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Figure 5

See image above for �gure legend
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Figure 6

Microscopic lesions stained with hematoxylin & eosin in tissues of ducks belonging to different
experimental groups. (a and e) The spleen and lung of the ducks in the vaccination group, respectively; (b
and f) the vaccination/challenge group; (c and g) the challenge control group; and (d and h) the blank
control group. Apoptotic necrosis, nuclear fragmentation, and lysis in the spleen are indicated by black
arrows (c); in�ammatory cell nuclear fragmentation and light coloration in the lung (green arrow) as well
as broken capillary arms forming emphysema (black arrows) are shown (g); bar=50μm


