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ABSTRACT Muscovy duck reovirus (MDRV) infec-
tion induces serious immunosuppression and intestinal
injury in Muscovy ducklings with a high morbidity and
mortality, and Astragalus polysaccharide (APS) pre-
treatment could efficiently protect ducklings from
MDRV infection, although the underlying immunoreg-
ulatory mechanisms remain unclear. Thus, the objective
of this study was to investigate effects of APS on
the intestinal mucosal immunity in MDRV-infected
Muscovy ducklings. A total of 190 1-day-old healthy
Muscovy ducklings were randomly assigned to 3 groups
(n 5 50): normal control group, APS pretreatment for
MDRV-infected group, and cohabitation infection
group, then pretreated with 0.6 g/L APS or only drink-
ing water followed byMDRV cohabitation infection with
the remaining 40 artificially infected ducklings, respec-
tively. At the 2, 3, 4, 6, 9 and 15 d after cohabitation
infection, the intestinal samples were prepared to mea-
sure intestinal parameters including villus length, villus
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length/crypt depth (V/C) ratio, and wall thickness,
together with counts of intraepithelial lymphocyte (IEL)
and goblet cell (GC) by hematoxylin–eosin staining.
Meanwhile, ileal secretory IgA (sIgA) and duodenal
cytokine levels of IL-4, IL-6, IL-15, tumor necrosis factor-
alpha, and interferon gamma were detected by the
ELISA and radioimmunoassay, respectively. The results
showed that APS significantly improved intestinal in-
juries of villi length, V/C ratio, and wall thickness of the
small intestine infected with MDRV, effectively inhibi-
ted the reduction of IEL and GC caused by MDRV
infection, subsequently increased sIgA and all the cyto-
kine secretions at most time points, suggesting that APS
pretreatment can effectively stimulate mucosal immune
function by improving intestinal morphology and repair
MDRV caused injures of small intestinal mucosal im-
mune barrier in infected ducklings. Our findings lay the
foundation for further application of APS in prevention
and treatment of MDRV infection.
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INTRODUCTION

Muscovy duck reovirus (MDRV), a member of the
genus Orthoreovirus in the family Reoviridae, was iso-
lated from sick ducks in France in 1972 (Gaudry et al.,
1972; Malkinson et al., 1981). Muscovy duck reovirus
infection has been reported in Muscovy ducklings in
China since 1997, and the etiologic agent was isolated
and first defined as MDRV by our group (Fujian Key
Laboratory of Traditional Chinese Veterinary Medicine
and Animal Health) in 2001 (Wu et al., 2001). Muscovy
duck reovirus infection is characterized mainly by white
necrotic foci in the liver and spleen of the sick ducklings,
which caused severe damages to central immune organs,
peripheral immune organs, and associated cellular and
humoral immunoresponses, leading to immunosuppres-
sion (Marius-Jestin et al., 1988; Heffels-Redmann
et al., 1992; Wu et al., 2001; Palya et al., 2003). As a
kind of immunosuppressive disease with multimolecular
structure in viral nucleic acid which is easier to genetic
recombination, MDRV infection has led to severe eco-
nomic loss in the Muscovy duck industry owing to the
heavy morbidity and mortality (Liu et al., 2003; Yun
et al., 2018).
Chinese herbal polysaccharide have been used as

immunostimulants in veterinary and medical clinical
fields owing to various biological activities such as
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immune modulatory and tumor inhibition, natural
origin active, nonresidue, and low side (Jiang et al.,
2010; Yu et al., 2018; Yin et al., 2019). Astragalus poly-
saccharide (APS) is the major active component of
water-soluble heteropolysaccharide extracted from the
stems or dried roots of traditional Chinese medicine
Astragalus membranaceus, and the main components
include heteropolysaccharide, dextran, neutral polysac-
charide, and acidic polysaccharide (Zheng et al., 2020).
It has been shown that there were 13 types of polysac-
charides have b-D(1/6)-galactooligosaccharide
branching b-D-(1/3)-galactose among the 14 types of
polysaccharides isolated from Astragalus (Kiyohara
et al., 2010). Astragalus polysaccharide is the most
important natural active component inAstragalusmem-
branaceus, and exerts multiple pharmacologic effects (Li
et al., 2019). Recent studies have found that APS exerts
multiple pharmacologic effects and strong extensive
range of biological activities, including antioxidant,
anti-inflammatory, antibacterial and antiviral, as well
as profoundly affect the immune system (Wang et al.,
2016; Meng et al., 2017). Previous study has shown
that intestinal morphologic structure of poultry was
severely damaged by MDRV infection, resulting in
impaired intestinal mucosal barrier function of playing
an important role in the immune system (Wu et al.,
2018; Wu et al., 2019). As per new research, APS could
enhance intestinal mucosal immune function (Shan
et al., 2019) and enhance the immune response to several
vaccines against viruses (Huang et al., 2008; Zhang et al.,
2017). The preliminary work of our laboratory showed
that APS pretreatment by drinking administration
could efficiently protect Muscovy ducklings from
MDRV infection, including alleviating clinical symp-
toms, reducing morbidity and mortality, and promoting
recovery of sick Muscovy ducklings (Jiang et al., 2015).
However, very few studies have evaluated the effects of
APS on the intestinal mucosal immune of MDRV-
infected ducks. Therefore, the present study aim was
to investigate the effects of APS intake by drinking wa-
ter on intestinal morphology, immunocyte number,
secretory IgA (sIgA), and cytokine levels in intestinal
tissues of MDRV-infected Muscovy ducklings.
MATERIALS AND METHODS

Astragalus Polysaccharide and Virus

Astragalus polysaccharide was purchased from Sheng-
tai Company (Beijing, China), 70% content. Muscovy
duck reovirus YB strains was isolated, identified, and
preserved in our laboratory (median tissue culture infec-
tive dose [TCID50] 5 1027.56/0.1 mL, Reed and Muench
method).
Ethics Statement

The animal protocols used in this work and all proced-
ures of the experiment were performed in compliance
with the laws and guidelines of the Fujian Agricultural
and Forestry University Animal Care and Use Commit-
tee (Approval No: PZCASFAFU201604).
Animals and Experimental Design

A total of 190 1-day-old Muscovy ducklings with
MDRV antigen–antibody–negative were selected and
randomly allotted to 3 groups: normal control group
(NCG), APS pretreatment for the MDRV-infected
group (APG), and cohabitation infection group
(CIG), with 50 ducklings in each group. The APG
was pretreated with APS at dosage of 0.6 g/L in drink-
ing water (Wu, 2010), whereas the other groups (NCG
and CIG) were only supplemented with drinking water
throughout the experimental trial. The remaining
forty, 2-day-old healthy Muscovy ducklings were
injected intramuscularly with 2,000 TCID50 of
MDRV as an artificial challenge group, and 3 d later,
half of them were selected to join fifty normal duck-
lings (CIG), with the other half joining fifty APS-
pretreated ducklings (APG), at the ratio of 2:5 for
cohabitation infection. Then, the following day was
referred to as 1 d postinfection (dpi) (Wu et al.,
2019). All the ducklings were provided with free food
and water intake (ad libitum). Each group was raised
in separate cages with the same conventional manage-
ment condition.
Histology andMorphometric Analysis of the
Small Intestine

At 2, 3, 4, 6, 9, and 15 dpi, 6 ducklings were randomly
selected from each treatment group and euthanized by
cervical dislocation. The mid-duodenum, jejunum, and
ileum (approximately 1 cm) were taken immediately
and rinsed, which were then fixed by immersion in 4%
phosphate-buffered paraformaldehyde for 24 h. Then,
the samples were washed with flowing water overnight.
After washing, the samples were dehydration with a
graded ethanol solution series and xylene and embedded
in paraffin. A 5-mm section of each tissue was procured
and stained with hematoxylin–eosin and then examined
by light microscopy (TESA ETALON TCM100,
Switzerland) under a magnification of 100!.

To measure morphometric parameters of intestinal
structure, 5 sections with well oriented parts of each
group were randomly selected for observation, and
then, the villus length, crypt depth and intestinal wall
thickness were measured and recorded from each section
on randomly selected microscopic fields. Measurements
were carried as follows: villus length was determined
from the villous tip to the villous–crypt junction; crypt
depth was measured from the opening to basing of crypt;
wall thickness was measured from the outer of the intes-
tine to the submucosa and muscular layer junction,
involving the serosa layer and the muscular layer
(Frankel et al., 1993).



Figure 1. Effect of APS on duodenal morphologic structure in Muscovy ducklings. Duodenums from experimental groups at 15 dpi were sectioned
and stained with HE, then examined by light microscopy (TESA ETALON TCM100, Switzerland) under a magnification of 100!. (A) Normal con-
trol group(NCG), 100!, (B) APS pretreatment for MDRV infected group (APG), (C) Cohabitation infection control group (CIG), (D) HE staining
for observation of Intestinal intraepithelial lymphocyte (IEL, Y) and goblet cells (GC, /), 400!. Abbreviations: APS, Astragalus polysaccharide;
dpi, d postinfection; HE, hematoxylin–eosin stain.
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Intraepithelial lymphocyte (IEL) and goblet cell (GC)
in 5 randomly selected fields from each section were
counted using a 400!magnification, and a total of 3 sec-
tions with well-oriented parts of each tissue sample were
randomly counted. Measurements were carried as fol-
lows: the number of IEL per 100 columnar epithelial cells
in the long intestinal villi of each section was counted
and recorded. The number of GC per 100 columnar
epithelial cells in 5 visual fields of each slice from 5 sec-
tions per ducking was counted and recorded. A total of
5 sections were recorded per duckling, and then took
the average individually.
Determination of sIgA in Ileal Mucosa

The ileal mucosa (2.0 cm) was scraped and weighed,
then was added to the prechilled PBS solution (pH 7.2)
at a weight–volume ratio of 1:9 and mixed, followed by
centrifuged at 10,000 rpm for 10 min at 4�C. Then, the
supernatants were collected to detect the secretion of
sIgAusing specificELISAkits (JianchengBioengineering
Institute, Nanjing, China) as per the manufacturer’s
instructions. Each sample was independently performed
in triplicate.
Cytokines Levels in Duodenal Mucosa

The duodenal mucosa (5.0 cm) was scraped and
weighed, then was add to the pre-chilled PBS solution
(pH 7.2) with a weight–volume ratio of 1:2 and incu-
bated at 4�C for 30 min. Subsequently, the samples
were sonicated in an ultrasonic cleaner for 5 min followed
by centrifuged at 8,000 rpm for 15 min at 4�C, and then,
the supernatants were obtained. The concentrations of
IL-4, IL-6, IL-15, tumor necrosis factor-alpha (TNF-a)
and interferon gamma were measured using radioimmu-
noassay kits (Huaying Biotechnology Research Insti-
tute, Beijing, China). Each sample was independently
performed in triplicate.
Statistical Analysis

All the statistical data were presented as the
means 6 SD, and statistical analysis was performed



Figure 2. Effect of APS on intestinal villus length (A–C), V/C ratios (D–F), and wall thickness (G–I) in experimental Muscovy ducklings. Intes-
tines from each experimental group (n5 6) were sectioned and stained with HE at 2, 3, 4, 6, 9, and 15 dpi, and then, 5 sections per group were selected
for determination of villus length, V/C ratios, and wall thickness. Bars without the same superscripts (A–C) mean significant differences (P, 0.05).
Abbreviations: APG, APS pretreatment for MDRV infected group pretreated with 0.6 g/L APS in drinking water; APS, Astragalus polysaccharide;
CIG, cohabitation infection control group treated with drinking water and infected with 2,000 TCID50 of MDRV; dpi, d postinfection; HE,
hematoxylin–eosin stain; NCG, normal control group supplemented with drinking water throughout the experimental trial; TCID50, median tissue
culture infective dose.
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using a 1-way ANOVA with a Duncan’s multiple-range
model (software SPSS, version 17.0). The statistical sig-
nificance was considered at P , 0.05.
RESULTS

Changes in Intestinal Morphologic
Structures of Ducklings

As shown in Figure 1, duodenal structure was normal,
and the villi were intact and closely arranged in the
NCG, but the villi exhibited incomplete structure, with
loose and irregular arrangement, intestinal mucosa
abscission, and villi atrophy in the CIG. The duodenal
structure of APS-pretreated groups exhibited mild or
no symptoms, remained normal with narrower villus
space, longer and thicker villi in a closer and more
orderly array than that in the CIG, signifying APS
improve MDRV caused intestinal mucosal injuries.
Changes in Intestinal Morphologic
Parameters of Ducklings

The morphologic parameters including villus length,
V/C ratio, and the wall thickness of the small intestine
are showed in Figure 2. Villus length of each small intes-
tinal segment of ducklings in the APG and NCG gradu-
ally increased with age, whereas that in the CIG grew
slowly or even atrophied. Villus length in the CIG
decreased rapidly at 3 dpi or 4 dpi, and then stabilized
at lower levels, which was significantly lower than those
in the NCG and APG. In addition, compared with the
NCG, ducklings of the CIG showed significant lower
(P , 0.05) V/C ratio, especially at the intermediate



Figure 3. Effect of APS on IEL number (A–C) and GC (D–F) number in experimental Muscovy ducklings. Sections stained with HE at 2, 3, 4, 6, 9
and 15 dpi were selected from each experimental group (n 5 6) for intestinal immunocyte count, including IEL and GC. Bars without the same su-
perscripts (a–c) mean significant differences (P, 0.05). Abbreviations: APG, APS pretreatment for theMDRV-infected group; APS,Astragalus poly-
saccharide; CIG, cohabitation infection group; GC, goblet cell; IEL, intraepithelial lymphocyte; NCG, normal control group.
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stage of cohabitation infection. Importantly, no differ-
ences in villus length and V/C ratio of various intestine
segments were observed between ducklings of the APG
and NCG at most time points (P. 0.05). The wall thick-
ness of 3 intestinal segments in the NCG and APG also
increased with age, which were significantly higher than
those in ducklings of the CIG after 3 dpi (P, 0.05). The
results showed that APS may alleviate or antagonize the
injuries of the small intestine in Muscovy ducklings
infected with MDRV, by efficiently recovering villi
growth, V/C ratio, and wall thickness.

Data on immunocyte counts of ducklings, including
IEL and GC, are shown in Figure 3. Compared with
NCG ducklings, IEL and GC number in intestine seg-
ments of CIG ducklings peaked during 3 dpi to 4 dpi
and decreased significantly afterward (P , 0.05).
However, no differences in immunocyte number
were observed between infected ducklings with APS
treatment and the NCG ducklings during the trial
(P . 0.05).

Changes in Intestinal sIgA and Cytokine of
Ducklings

The dynamics of intestinal sIgA and cytokine concen-
trations in the ducklings of each group are showed in
Figure 4. As shown in Figure 4A, ileal sIgA concentra-
tions of the CIG reduced at all postinfection time points
compared with control counterparts (P, 0.05), whereas
sIgA productions in APG markedly enhanced at all the
time points vs. the CIG. As for IL, IL-4 and IL-6 concen-
trations observably accumulated (P , 0.05) in the
duodenal mucosa at 2 and 4 dpi, then significantly
diminished (P , 0.05) from 6 dpi to 15dpi as compared
with the control. In addition, MDRV infection signifi-
cantly suppressed IL-15 level from 6 dpi to 15 dpi (P ,
0.05) and APS notably increased IL-15 concentrations
of infected ducklings at 15 dpi (P , 0.05). Moreover,
MDRV infection also significantly suppressed (P ,
0.05) the productions of TNF-a and interferon gamma
from 3 dpi to 15 dpi compared with uninfected ones,
whereas APS supplementation succeeded in normalizing
the levels of TNF-a and interferon gamma to the control
value, and no significant differences were found between
the APG and NCG at most time points except the meta-
phase of experiment.
DISCUSSION

The intestinal mucosal barrier not only preserves the
ability to digest and absorb nutrients but also acts as
the first line of defense against most external pathogens
(France and Turner, 2017). The mechanical barrier is an
important part of intestinal mucosal barrier, which in-
cludes intestinal mucosal epithelial cells covered with
mucus layer and the intercellular tight junctions, and
protects against pathogen invasion as a first line of de-
fense (Turner, 2009). In the present study, to evaluate



Figure 4. Effect of APS on ileal sIgA and duodenal cytokines in experimental Muscovy ducklings from each experimental group (n5 6). Values are
expressed as mean counts6SD, different small letter superscripts mean significant difference (P, 0.05). Abbreviations: APG, APS pretreatment for
the MDRV-infected group; APS, Astragalus polysaccharide; CIG, cohabitation infection group; NCG, normal control group; sIgA, secretory IgA.
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the functions related to intestinal mucosal immune sys-
tem of APS, we carried out a survey to study intestinal
morphology including villus length, V/C ratio, thick-
ness, and intestinal immunocyte count, together with
sIgA production and cytokines secretion.
As villus length and crypt depth or V/C ratio are both

important indicators of the maturity and functional ca-
pacity of intestine, long villi and high V/C ratios corre-
spond to a relatively healthy intestinal system including
high brush border enzyme activity (Hampson, 1986; Qin
et al., 2019), and similarly, lower villus length relate to
lower absorptive capability of small intestine (Turner,
2009). In the histologic survey, the villi height, V/C ra-
tio, and thickness of MRDV-infected ducklings
decreased significantly, while the aforementioned in-
dexes of the APG efficiently recovered into approximate
the control. The result was similar to the previous
studies, which reported that APS could possess immuno-
modulating effect by increasing jejunal villus length and
V/C ratio to maintain intestinal integrity of chickens
(Wang et al., 2015; Shan et al., 2019). The result is in
agreement with another report on weaned piglets whose
jejunal villus length and V/C ratio was enhanced on
feeding APS-supplemented diets (Yang et al., 2019).
Similarly, piglets fed with APS had increased jejunal vil-
lus length (Wang et al., 2019). Furthermore, dietary
APS has been found to decrease duodenum crypt depth
of breeder cocks and jejunum crypt depth in broiler
chickens, as well as increase the jejunum villus length
and V/C ratios of breeder cocks together with the
jejunum V/C radio of broiler chickens, suggesting that
APS supplementation had transgenerational effects in
promoting jejunal morphology of broilers (Li et al.,
2018). All the results revealed that APS could stimulate
villus length and V/C ratio, improve immune responses
by recovering the aforementioned indexes that are
closely related to innate immune barrier and the func-
tions of digestion and absorption.

Valuation of intestinal immunocyte in the present
study was also conducive. Intestinal IEL, a group of T
lymphocytes locate at the basolateral side of the epithe-
lial layer, interdigitated with the epithelial cells, are the
front guardians in the immune system to encounter
pathogens by releasing cytokines production immedi-
ately, such as IL-2, IL-7, IL-15, TNF-a, interferon
gamma, interferon beta, and interferon alfa (Okazawa
et al., 2004; Bhagat et al., 2008; Zhai et al., 2011). Goblet
cell is a specialized secretory cell that not only secretes
mucin, the major composition of the mucus layers, but
also contains trefoil peptides, Fc-g–binding protein,
and other biologically active products, which are critical
to maintain intestinal homeostasis and integrity of intes-
tinal epithelium (Kim and Ho, 2010; Birchenough et al.,
2015). Changes of quantity in the 2 immune-related cells
are valuable for intestine mucosal immunity, as the IEL
and GC are important parts to maintain epithelial integ-
rity and defense against the invasion of pathogens or an-
tigens (Kelly and Coutts, 2000; McCauley and Guasch,
2015). As proposed in the previous studies (Wu et al.,
2018; 2019), MDRV infection caused remarkable
decrease of IEL and GC number of the intestinal villi
in the histologic trial. Such a depletion or significant
reduction of the intestinal immunocyte number in
infected ducklings can attribute to the apoptosis, necro-
sis, intestinal barrier injury, and impairment of the intes-
tinal mucosal immune system (Curfs et al., 1997; Wu
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et al., 2019). Furthermore, in accordance with our previ-
ous study of HPS (Wu et al., 2018), APS pretreatment
orally in the infected ducklings could maintain the IEL
and GC number, ameliorate or alleviate intestinal mu-
cosa injury in ducklings infected with MDRV, and guar-
antee mucosal integrity. Additional evidence exists in
chickens in which the administration of APS elevated
the number of jejunal IEL but had no difference in the
number of GC (Wang et al., 2015). The present result
is in agreement with another report on fish in which
the microvilli length of intestine was light increased in
the APS-treated vs. control groups (Zahran et al., 2014).

Secretory IgA, present in abundance in mucosal secre-
tions, is a noninflammatory antibody mainly produced
by goblet cells in the gastrointestinal tract. Secretory
IgA promotes the excretion of antigens and pathogenic
microorganisms from intestinal cavity though interdict-
ing their access to epithelial receptors, wrapping them in
mucus, and stimulating their removal via peristaltic and
mucociliary activities (Mantis et al., 2011). As previ-
ously reported, intestinal sIgA production was signifi-
cantly decreased in MDRV-infected ducklings than the
control group, but the secretion was effectively
augmented in the APG in comparison with the CIG
(Wu et al., 2018). A recent study with chickens reported
that sIgA antibody levels were significantly increased in
the APS group compared with the other groups at most
time points (Shan et al., 2019). These results have indi-
cated that oral administration of APS could promote the
intestinal mucosal immunization. The changes of sIgA
secretion are potentially related to the destruction of
GC in MDRV infection (Wu et al., 2018), and Mantis
et al. (2011) have mentioned that the synthesis of sIgA
also requires cytokines with immunoregulatory activity
(Mantis et al., 2011).

Cytokines exert an important biological function in
immunomodulatory function, antiviral response, and
inflammatory reaction via being organized within a
stratified regulatory network through complicated in-
teractions, which may reflect anti-inflammation abil-
ity and antiviral response (Wang et al., 2018).
Determination of dynamic cytokines secretions in the
present study was also conducive. IL-6 mediating
cellular and humoral immune responses plays a crucial
role in determining the outcome of viral infection (Lan
et al., 2015). Results showed that MDRV infection
caused a rapid increase of the IL-4 and IL-6 concen-
trations in the early stage and then decreased, and
the 2 concentrations in the CIG were lower than the
NCG in the late stage, which may be in response to
inflammation and infection (Wu et al., 2019). It seems
that the invasion of the virus could evolve some abil-
ity against virus in the immune system by promoting
IL-4 and IL-6. Present results showed that MDRV
infection significantly suppressed the productions of
IL-15, TNF-a and interferon gamma in the ducklings,
whereas APS supplementation succeeded in normal-
izing various cytokines to the control value, suggest-
ing that APS pretreatment could reverse the
decrease of cytokines caused by MDRV infection.
Astragalus polysaccharide could stimulate immune re-
sponses and improve the function of related cells to
protect and repair themselves by promoting cytokines
secretion during the process of MDRV inhibiting the
proliferation and activity of intestinal immunocytes
(Jiang et al., 2015). Likewise, a previous study with
immunosuppressive mice reported that dietary supple-
mentation of APS herbal formula significantly
improved TNF, interferon gamma, IL-2, and IL-17A
(Zhou et al., 2018). Previous reports also showed
that oral supplements of APS numerically promoted
expression of TNF, interferon gamma, IL-2, and IL-
10 in broilers when compare with the corresponding
vaccine group or blank control group (Yusuf et al.,
2016). Astragalus polysaccharide significantly
improved experimental 2,4,6-trinitrobenzene sulfonic
acid-induced colitis in rats through downregulating
TNF-a and IL-1b expressions (Yang et al., 2014).
The polysaccharide could maintain cytokines levels
in a dynamic balance by bidirectional regulation,
thus boosting the immune system (Jiang et al.,
2015). Multiple cytokines, which could help T cells
and B cells to proliferate, are associated with cellular
immune responses and humoral immunity, and they
are equally important in intestinal stimulation of
sIgA secretion to establish one of the many links be-
tween sIgA production, immunocyte immunity, and
intestinal homeostasis (Loman et al., 1999; Newberry
and Lorenz, 2005). In addition, the evidence exists
in piglets in which feeding of APS significantly
increased the intestinal barrier function by decreasing
IL-1b, TNF-a levels and increasing toll-like receptor 4
and myeloid differentiation factor 88 and decreased
NF-kB expression (Wang et al., 2019). In view of
the intricacy of the interactions and dynamics of cyto-
kines, it is very imperative to define such effects and
mechanisms of APS on intestinal mucosa.
CONCLUSION

Supplementation of the APS studied herein resulted in
improved intestinal mucosal morphology, related pa-
rameters and mucosal immunocyte number in infected
ducklings. This was accompanied by a restoration at
the least even improving intestinal sIgA, cytokine secre-
tion, and immune-modulatory effects of the intestinal
mucosa. Astragalus polysaccharide has the potential to
be used in clinical prevention and control of MDRV
infection or other animal diseases for the bidirectional
immune-stimulatory effect. Moreover, further studies
are needed to elucidate the specific mechanism of APS
on intestinal mucosa.
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