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Duck plague (DP) is a severe disease caused by DP virus (DPV). Control of the disease is recognized as one of the biggest chal-
lenges in avian medicine. Vaccination is an efficient way to control DPV, and an attenuated vaccine is the main routine vaccine.
The attenuated DPV vaccine strain CHa is a modified live vaccine, but the systemic and mucosal immune responses induced by
this vaccine have been poorly understood. In this study, the immunogenicity and efficacy of the vaccine were evaluated after sub-
cutaneous immunization of ducks. CD4� and CD8� T cells were counted by flow cytometry, and humoral and mucosal Ig anti-
bodies were analyzed by enzyme-linked immunosorbent assay (ELISA). The results showed that high levels of T cells and Ig anti-
bodies were present postimmunization and that there were more CD4� T cells than CD8� T cells. Titers of humoral IgG were
higher than those of humoral IgA. Local IgA was found in each sample, whereas local IgG was found only in the spleen, thymus,
bursa of Fabricius, harderian gland, liver, bile, and lung. In a protection assay, the attenuated DPV vaccine completely protected
ducks against 1,000 50% lethal doses (LD50) of the lethal DPV strain CHv via oral infection. These data suggest that this subcuta-
neous vaccine elicits sufficient systemic and mucosal immune responses against lethal DPV challenge to be protective in ducks.
This study provides broad insights into understanding the immune responses to the attenuated DPV vaccine strain CHa through
subcutaneous immunization in ducks.

Duck plague (DP), also known as duck viral enteritis, is a
worldwide disease caused by duck plague virus (DPV), a virus

of the Herpesviridae family. DPV induces an acute disease with
high mortality rates in flocks of ducks, geese, and swans (1–5). The
virion of DPV is composed of an envelope and a spherical nucleo-
capsid which contains a double-stranded DNA. DPV can be trans-
mitted among birds by direct contact with infected birds or indi-
rect contact with a contaminated environment (2, 5–7). Ducks
infected with DPV may die without any detectable symptoms or
be observed with signs of photophobia, ataxia, and watery diar-
rhea and a marked reduction in egg production. The morbidity
and mortality in domestic ducks can reach up to 100% (4).

Vaccination is a desirable method to prevent DPV infection
(8). At present, two kinds of vaccines against DPV have been in-
troduced to the market: attenuated and inactive vaccines (9, 10).
In all cases, reports from field trials suggest that commercially
available DPV vaccines significantly reduce mortality rates (9, 11,
12). An attenuated DPV vaccine was first studied in 1963, by Jan-
sen et al., who lowered the virulence of DPV by passing it through
numerous chicken embryos. Their study found that inoculated
ducks could be protected against DPV challenge (13). Since then,
this type of vaccine has been used extensively worldwide. Lam and
Lin suggested that a humoral immune mechanism might play a
role in protecting ducks in vivo and in vitro by using an attenuated
DPV Sheridan-83 strain as an immunogen (14). Additionally, ef-
ficient protection induced by an attenuated DPV vaccine is depen-
dent on the strain and concentration of DPV (10).

The route of vaccine administration is an important factor for
vaccination efficiency (15, 16). The kinetics of the attenuated DPV
vaccine strain CHa determined that subcutaneous administration

had a larger effect on the vaccine virus distribution in tissue than
the oral and nasal routes of administration did (17). The growth
kinetics, back passages, residual virulence, excretion, and serocon-
version of this strain have been investigated thoroughly (17–19).
Briefly, the attenuated virus has a broad tissue tropism. Levels of
DPV in organs peak at 90 min and then decline steadily after
subcutaneous immunization with the attenuated DPV vaccine
strain CHa. However, the vaccine virus can be detected by indirect
immunohistochemistry until 18 weeks after immunization. Vac-
cinated ducks excrete virus, which can revaccinate the flock.

Systemic and mucosal immune responses are important in re-
sisting and clearing viral infections (20, 21). Prior to this study, the
immune responses after subcutaneous immunization with the
DPV attenuated vaccine strain CHa had not been elucidated, and
no conclusions about its protective effect could be established,
since no challenge studies had been performed. The current study
aimed to assess the immunogenicity of the attenuated DPV vac-
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cine strain CHa after subcutaneous immunization and its protec-
tive effects against the lethal DPV strain CHv via oral challenge.

MATERIALS AND METHODS
Ducks. Eighty 7-day-old Tianfu ducks were purchased from a farm. Sera
were evaluated by PCR and enzyme-linked immunosorbent assay
(ELISA) to verify that the ducks were free of DPV and negative for anti-
bodies against DPV, respectively. The ducks were handled in accordance
with the animal protection law of the People’s Republic of China (draft
dated 18 September 2009).

Vaccine and virus. DPV strain CHv (GenBank accession no.
JQ647509) was obtained by A. Cheng in Sichuan Province, China (22).
Currently, the virus is stored in the Avian Disease Research Center of the
Sichuan Agricultural University of China (21). The DPV attenuated vac-
cine strain CHa is a modified live commercial vaccine (China Animal
Husbandry Industry Co. Ltd.) that was the product of a DPV CHv isolate
cultured in chicken embryo fibroblasts (CEF) for 80 serial passages (17).

Grouping, vaccination, and sampling. When the ducklings were 14
days old, they were randomly divided into groups A and B (40 ducks per
group). The ducks from group A were subcutaneously immunized with a
single dose of attenuated DPV vaccine (100 50% egg infective doses
[EID50]), while group B ducks were injected with 0.2 ml phosphate-buff-
ered saline (PBS) and served as negative controls. All ducks from groups A
and B were injected at weeks 1, 3, and 5. At weeks 1, 2, 3, 4, 5, 6, and 8 after
the first immunization, three ducks from each group were randomly se-
lected and sacrificed under anesthesia for the collection of the blood,
spleen, bursa of Fabricius, thymus, harderian gland, lung, trachea, liver,
bile, duodenum, jejunum, ileum, cecum, and rectum, in compliance with
the Public Health Service Policy on Humane Care and Use of Laboratory
Animals.

Treatment of samples. After the mesentery was removed, 1-cm sec-
tions of intestinal tract and trachea were cut and processed as tissue ho-
mogenates in 1 ml T-PBS (100 �g/ml of trypsin inhibitor [Sigma-Aldrich,
St. Louis, MO] in PBS). Each of the supernatants was collected after cen-
trifugation at 10,000 � g for 20 min at 4°C (21). Meanwhile, 0.5-g por-
tions of the spleen, bursa of Fabricius, thymus, harderian gland, lung, and
liver were cut and processed as tissue homogenates in 0.5 ml T-PBS, and
the supernatants were collected as described above. Bile and blood were
centrifuged, and the supernatants were collected. The fluid supernatant
samples were stored at �20°C until use.

Flow cytometry for analysis of CD4� and CD8� T lymphocytes in
peripheral blood. The lymphocytes in peripheral blood were collected by
use of lymphocyte separation medium (Huajing, Shanghai, China) ac-
cording to the manufacturer’s instructions. Anti-duck CD4 monoclonal
antibody (AbD Serotec Ltd., United Kingdom) or anti-duck CD8 mono-
clonal antibody (AbD Serotec Ltd., United Kingdom) was added to the

separated lymphocytes (5 � 105) and incubated at 4°C for 30 min. Fluo-
rescein isothiocyanate (FITC)-labeled goat anti-mouse IgG (AbD Serotec
Ltd., United Kingdom) was then added for incubation at 4°C for 30 min.
The cells were washed and resuspended with PBS and then subjected to
flow cytometric analysis. Viable lymphocytes were gated on the basis of
forward and side scatter characteristics, and 10,000 events were analyzed
for positive staining with FITC-IgG. Data analysis was carried out using
BD FACSAria software (23, 24).

Detection of DPV-specific IgA and IgG. Ninety-six-well plates were
coated with 100 �l of 0.25-�g/ml purified DPV antigen and incubated
overnight at 4°C. After washing 3 times with PBS plus Tween (PBST), the
plates were blocked with 1% bovine serum albumin (BSA)-PBST for 1 h at
37°C. The plates were then washed, and 100 �l of each diluted fluid (pre-
pared from sera and tissues) was added in triplicate. All wells were incu-
bated for 1 h at 37°C. Horseradish peroxidase (HRP)-conjugated rabbit
anti-duck IgG or IgA antibody (Sigma-Aldrich, St. Louis, MO) was used
as the secondary antibody, at a 1:4,000 or 1:1,000 dilution, respectively,
and incubated for 1 h at 37°C. After washing three times, 100 �l tetram-
ethylbenzidine (TMB) was added. After incubation for 15 min, the reac-
tion was terminated by addition of 100 �l 2 M H2SO4. The optical density
at 450 nm (OD450) was measured in each well.

Protection assay with the attenuated DPV vaccine. The protective
ability of the attenuated DPV vaccine strain CHa against the virulent DPV
strain CHv was assessed in ducks 2 weeks after the third inoculation. Ten
ducks from each group were orally challenged with 1,000 50% lethal doses
(LD50) of DPV strain CHv. The survival of these ducks was monitored
daily for 10 days postchallenge.

Statistical analysis. All results are expressed as means � standard
errors of the means. Student’s t test was used to analyze the statistical
differences in T lymphocyte and Ig antibody responses between vaccine
and control groups. SPSS 16.0 was applied to analyze the protection assay,
and statistical analysis of mortality was analyzed by the log rank and chi-
square tests. Results were considered statistically significant if P values
were �0.05 or �0.01 for comparisons with the nonimmunized group.

RESULTS
Analysis of CD4� and CD8� T lymphocytes in peripheral blood.
The peripheral blood lymphocytes collected and processed at 1, 2,
3, 4, 6, and 8 weeks were analyzed by flow cytometry. The results
showed that the percentages of CD4� and CD8� T lymphocytes in
the immunized group were significantly higher than those in the
negative-control group (Fig. 1) (P � 0.01). The percentage of
CD4� T lymphocytes increased from the 1st week (13.7%) to the
6th week (43.44%) but then dropped to a lower level (18.77%) at
the 8th week (Fig. 1A). The levels of CD4� T lymphocytes in the

FIG 1 T lymphocytes in peripheral blood following subcutaneous immunization with the attenuated DPV vaccine strain CHa. (A) CD4� T lymphocytes in
peripheral blood were collected at 1, 2, 3, 4, 6, and 8 weeks and analyzed by flow cytometry. (B) CD8� T lymphocytes in peripheral blood were collected at 1, 2,
3, 4, 6, and 8 weeks and analyzed by flow cytometry. The data presented are the mean values for three samples at each time point. *, P � 0.05 compared to control
group; **, P � 0.01 compared to control group; ***, P � 0.001 compared to control group. PBLCs, peripheral blood lymphocytes.
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negative-control group were maintained at a lower level and did
not show significant alterations with time. The numbers of CD4�

T lymphocytes in the immunization group were 3 to 7 times
higher than those in the negative-control group (Fig. 1A). In con-
trast, the values for CD8� T lymphocytes did not show an increase
but were maintained at a higher level after the first inoculation.
The highest level of CD8� T lymphocytes was presented at the 6th
week, and it was almost 6 times that for the negative-control group
(Fig. 1B). The results indicated that both CD4� and CD8� T lym-
phocytes from the vaccinated group reached higher levels than
those in the negative-control group (P � 0.05), while the numbers
of CD4� T lymphocytes were larger than those of CD8� T lym-
phocytes at the same time points.

Detection of IgA and IgG specific to DPV in serum. There
were no clinical signs of disease or death after immunization dur-
ing the entire experimental period. To determine the antibody
pattern, the specific IgA and IgG antibodies against DPV were
detected by ELISA (Fig. 2). The results showed that IgA and IgG
levels were significantly higher in the experimental group than in
the negative-control group (P � 0.05). The quantity of IgA was
maintained at a high level after the first inoculation and did not
change significantly until the third inoculation. The level of IgA
reached a peak OD450 of 0.346 at the 5th week and then decreased,
but it was still higher than that of the control group at the 8th week
after the first inoculation (P � 0.05) (Fig. 2A). The levels of spe-
cific anti-DPV IgG in sera increased along with the vaccination
times, and they reached a peak at the 5th week, with an OD450 of
1.904. Although the IgG level decreased starting at the 6th week, it

was still higher than that of the negative-control group in the 8th
week (P � 0.01) (Fig. 2B).

Detection of specific IgA and IgG in organs. To assess the
specific local antibodies against DPV, the DPV-specific IgA and
IgG antibodies in different organs were evaluated by ELISA. The
organs tested included the spleen, bursa of Fabricius, thymus,
harderian gland, lung, trachea, liver, bile, duodenum, jejunum,
ileum, cecum, and rectum.

Results showed that the local IgA antibody titers generated in
the immunized group increased gradually in all organs from the
1st to the 5th weeks, with the highest IgA titers present in bile (Fig.
3). Among immune organs, the thymus showed the highest IgA
levels from the 1st to the 5th weeks, with a peak at week 5, while
IgA titers in the spleen, harderian gland, and bursa of Fabricius
peaked at the 6th week (Fig. 3A). Local mucosal IgA antibody
titers in digestive organs showed an upward trend from the 1st to
the 6th weeks and reached the highest levels in the bile, duode-
num, liver, jejunum, ileum, cecum, and rectum, with OD450 val-
ues of 0.457, 0.281, 0.267, 0.213, 0.206, 0.212, and 0.221, respec-
tively, at the 6th week (Fig. 3B). In respiratory organs, levels of
lung IgA rose sharply from the 1st to the 6th weeks and peaked,
with an OD450 value of 0.369, at the 6th week. However, the levels
of trachea IgA increased dramatically from the 1st to the 5th weeks
and peaked, with an OD450 value of 0.319, at the 5th week (Fig.
3C). As expected, samples from the nonvaccinated control group
showed no specific local IgA responses in the spleen, bursa of
Fabricius, thymus, harderian gland, lung, trachea, liver, duode-
num, jejunum, ileum, cecum, and rectum (data not shown).

In a parallel experiment, the levels of specific IgG in organs
were detected. As shown in Fig. 4, the local IgG antibody titers
reflected similar trends in the spleen, thymus, harderian gland,
and bursa of Fabricius. There was a similar pattern of local IgG
responses in the liver, bile, and lung. Peak levels in immune organs
were observed at the 6th week. However, there was an increasing
trend of antibody levels in both the harderian gland and bursa of
Fabricius during the experiment. Notably, in digestive organs, the
specific IgG levels in liver and bile were significantly higher than
those in the intestinal tract in the experimental vaccinated group
(P � 0.01), and they reached a peak value at the 6th week, with
OD450 values of 0.616 and 0.518, respectively. Specific local anti-
DPV IgG titers were barely detected in the duodenum, jejunum,
ileum, cecum, and rectum (data not shown). In the respiratory
system, local IgG responded in the lungs but not the trachea, and
the titers of lung IgG reached their peak, with an OD450 of 0.691, at
the 6th week. IgG responses induced by the attenuated DPV vac-
cine were different in different organs, while the nonvaccinated
group showed no specific local IgG responses (data not shown).

Protection studies. To assess the protective ability of the atten-
uated DPV vaccine, ducks from the vaccinated and unvaccinated
groups were challenged with the virulent DPV strain CHv. The
results indicated that unvaccinated ducks died quickly at day 3,
with high fever, severe erosions in the digestive tract, and head
and/or neck swelling. These are typical clinical manifestations of
DP. As shown in Fig. 5, the mortality rate for nonvaccinated ducks
was significantly higher than that for vaccinated ducks (P � 0.01),
and no vaccinated ducks died.

DISCUSSION

This study was the first to investigate the systemic and mucosal
immune responses to the attenuated DPV vaccine strain CHa ad-

FIG 2 DPV-specific IgA and IgG in sera were detected by antigen-capture
ELISA. Sera were collected at 1, 2, 3, 4, 5, 6, and 8 weeks, and the level of IgA (A)
or IgG (B) in each sample was detected and compared with that for the nega-
tive-control group. *, P � 0.05 compared to control group; **, P � 0.01
compared to control group.
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ministered subcutaneously. To evaluate the immunogenicity of
the vaccine, we measured cellular, humoral, and mucosal immu-
nity in systemic organs. After assessing systemic organizational
immune responses to the attenuated DPV vaccine, we concluded
that the vaccine may be an efficient immunization for prevention
of DP. In this study, the attenuated DPV vaccine was found to be
effective at generating T cell, IgA, and IgG responses and could
protect ducks completely against virulent DPV infection.

CD4� T lymphocytes play an important role in assisting CD8�

T lymphocytes, and both have a relationship with viral clearance

responses after infection with herpesviruses (25–27). Addition-
ally, CD4� T cells have positive feedback with humoral immunity
(28, 29). From our observations, the levels of both CD4� and
CD8� T lymphocytes increased significantly after immunization
with the attenuated vaccine. This demonstrated that the attenu-
ated DPV vaccine, as an exogenous substance, could activate T
lymphocytes and stimulate ducks to produce cell-mediated im-
mune responses after vaccination. The reason for the number of
CD4� T lymphocytes being higher than that of CD8� T lympho-
cytes may be the fact that CD4� T lymphocytes are the predomi-
nant factor in cellular immune responses (30–32).

Serum IgG and IgA play critical roles in humoral immunity
against specific antigens (21, 33). In this study, the DPV attenu-
ated vaccine enhanced production of both IgA and IgG antibod-
ies. The results indicated that the DPV attenuated vaccine induced
specific anti-DPV humoral immune responses. In addition, the
levels of serum IgG were significantly higher than those of serum
IgA. This suggested that IgG is the main antibody against DPV,
which coincided with previous studies (8, 21).

Mucous membranes are an important barrier and react against
most pathogenic microorganisms during the early infective stage
(34). Thus, the mucosal immune response is considered the first
line of defense, and its elicitation is highly desired for efficacy of a
vaccine (35, 36). IgA is one kind of mucosal antibody that plays a

FIG 3 Mucosal IgA responses were assessed by ELISA. Spleens, bursas of
Fabricius, thymuses, harderian glands, lungs, tracheas, livers, bile, duodena,
jejuna, ilea, ceca, and rectums were obtained from the vaccinated group. IgA
responses in immune (A), digestive (B), and respiratory (C) organs were tested
by DPV antigen-capture ELISA.

FIG 4 DPV-specific mucosal IgG responses were tested by ELISA. Spleens,
thymuses, harderian glands, bursas of Fabricius, livers, bile, and lungs were
obtained from the vaccinated group at 1, 2, 3, 4, 5, 6, and 8 weeks. The specific
IgG in different organs was detected by DPV antigen-capture ELISA.

FIG 5 Survival curve after challenge with lethal DPV strain CHv. Ten ducks
from the vaccinated group or negative-control group were orally challenged
with 1,000 LD50 of DPV strain CHv on the 6th week after the first immuniza-
tion. Mortality was monitored daily for 10 days after challenge. The figure was
drawn as a Kaplan-Meier survival curve. The y axis shows the cumulative
(Cum) survival calculated by the Kaplan-Meier method (P � 0.01).
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key role in mucosal defense (37). In this study, the DPV attenuated
vaccine strain CHa could induce systemic mucosal IgA and IgG
responses.

This study found that not only local IgA but also local IgG
might contribute to protecting ducks against DPV. Local IgA was
present to mediate protection in all organs sampled, which was
consistent with previous studies showing that IgA is an effector
molecule of the mucosal immune system (38–40). The production
and distribution of local IgA in various organs in the present study
are consistent with DPV having extensive tropism in all organs
and local cells which can be stimulated to secrete IgA (19, 41). On
the other hand, local specific IgG antibodies could mediate pro-
tection against DPV as well. Our results indicated that high levels
of DPV-specific mucosal IgG appeared in the spleen, bursa of
Fabricius, thymus, harderian gland, lung, liver, and bile post-pri-
mary immunization. This demonstrated that local IgG antibodies
could mediate protection, which was supported by the work of
Mbawuike et al., who found mucosal IgG antibodies present in a
protection assay with IgA�/� mice (42). There were high levels of
antigen-specific IgG in humoral immune responses, but local IgG
did not appear in the duodenum, jejunum, ileum, cecum, and
rectum in the current study. The reason for the negative result for
intestinal IgG antibody might be that antibodies of the IgG isotype
alone failed to transfer from the serum to the mucosal lumen (43).

Systemic and mucosal immune responses might contribute to
protecting ducks against DPV infection. This was supported in the
present challenge study and coincides with the study of Yu et al.
(21). Safety is a prerequisite when using live antigens as vaccines.
Neither deaths nor side effects were found in ducks after immu-
nization with the attenuated DPV vaccine strain CHa. After chal-
lenge with the lethal DPV strain CHv, the symptoms of DP ap-
peared only in ducks from the unvaccinated group. In the vaccine
group, ducks resisted the lethal DPV strain completely.

In the present study, the comprehensive systemic and mucosal
immunity against DPV in immune, digestive, and respiratory sys-
tem organs was described for the first time. In summary, the pres-
ent study demonstrated that subcutaneous administration of the
attenuated DPV vaccine strain CHa could elicit efficient humoral,
cellular, and mucosal immune responses against virulent virus
challenge. The study also found that not only humoral immunity
but also cell-mediated and mucosal immunity is involved in pro-
tection against lethal DPV challenge. The data presented here pro-
vide new insight into the immune mechanism of the attenuated
DPV vaccine, which could confer protective immunity against
lethal DPV challenge in Tianfu ducks.
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