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Abstract. Susanti R, Utami NR, Yuniastuti A. 2023. Characterization of microbiota and secretory Ig-A in the domestic duck (Anas
platyrhynchos) small and large intestine. Biodiversitas 24: 2458-2466. The Microbiome composition could affect the duck’s intestines’
microenvironment, which may shape the microstructure's anatomy, metabolism, and immune system. Therefore, this study aims to
characterize the intestinal microbiome's abundance, diversity, and IgA distribution in ducks' intestines. This study took 15 healthy
domestic ducks (Anas platyrhynchos Linnaeus, 1758) from an intensive duck farm in Central Java, Indonesia. Five grams of each small
and large intestine content were collected aseptically for metagenomic analysis. Then, the intestine organs were taken for
immunohistochemistry preparations to depict the IgA distribution. The results showed that the small intestine has a greater bacterial
abundance community, with 18 phyla, while only 13 are found in the large intestine. Interestingly, three phyla: Firmicutes,
Actinobacteria, and Bacteroidetes, were found dominantly in both organs. However, the comparison of Firmicutes and Bacteroidetes
ratio was higher in the small intestine (2357.76) than large intestine (10.64). The IgA distribution in the small and large intestines
showed intermediate staining intensity (score: 2.07-2.20) and a final Allred score of 5.0 (positive). Even though dysbiosis microbiome
was present in intestines with dominant species Streptococcus and Enterococcus, it seems no significant IgA over secretion.
Understanding duck’s gut immune response is important because it is highly tolerant to the pathogens that make them play an important role
as an environmental reservoir for pathogenic viruses and bacteria and may potentially comprehend future infectious disease outbreaks.
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INTRODUCTION

Domestic ducks are well adapted to the environment,
highly resistant to pathogenic bacteria and viruses, low-fat,
and produce high-quality meat that is popular among
consumers (Xia et al. 2019; Rohaeni et al. 2021). Domestic
ducks contain abundant and complex microbes in their
digestive micro-ecosystem, affecting nutrition intake,
immunity against pathogens, metabolism, and meat
productivity (Zhou et al. 2023). The gastrointestinal
ecosystem has a symbiosis between host and resident
microorganisms. The intestinal tract is an important part of
the body's defense system and the main site for digestion
and absorption of feed nutrients (Garro et al. 2018). The
microbiome composition plays a vital role in feed digestion
and nutrient absorption. Furthermore, it produces essential
Short-Chain Fatty Acid (SCFA), boosting the immune
system and metabolism rate (Best et al. 2017).

Previous research demonstrates that unique bacteria
community structures characterize the gut microbiome in
different duck species that could manage and contributes to
the duck's growth (Liu et al. 2018; Wei et al. 2020). The
gut microbiome mainly conducts a vital physiological
function in the small and large intestines (Zhu et al. 2020).
In addition, the microbiome secretes SCFA as fermentation
products that help water and electrolyte absorption in the
large intestine (Skrypnik and Suliburska 2018). Currently,
most microbiome research focuses on the cecum since it

plays a crucial role as a pathogen's reservoir (Tao et al.
2020). In contrast, each intestinal compartment has a
distinctive function and physicochemical properties (Elson
and Alexander 2015; Khaleel and Atiea 2017) and is inhabited
by specific microbial communities (Waite and Taylor 2014).
Different intestine parts have different microbial
community structures and play different roles in poultry
health and growth (Pan and Yu 2014). The intestinal
function of poultry is mainly carried out in the small intestine,
and the relative weight, length, and density of the small
intestine are important indexes for measuring intestinal
development (Yang et al. 2017). On the other hand, the large
intestine is an important part that absorbs water, electrolytes,
and short-chain fatty acids produced by bacterial fermentation
(DiBaise et al. 2008). Different intestinal compartments have
different functions and physicochemical characteristics
(Stanley et al. 2014; Nakao et al. 2015) and are inhabited by
specific microbial communities (Rinttila and Apajalahti 2013).
Intestine mucosa directly contacts the various
pathogenic and non-pathogenic microorganisms as a front
liner of the defense mechanism; it then limits bacteria
movement to penetrate the epithelial cell (Huang 2021).
The mucosa layer consists of high-density fluid,
macrophages, neutrophils, and Immunoglobulin (lg)-A.
Specifically, IgA is the primary antibody to prevent
bacterial infection in the intestines and is secreted by
dependent and independent T-cells (Schofield and Palm
2018). The dependent T-cell produces IgA with high
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affinity and specificity, which protects the intestinal
mucosal surface from bacterial pathogen invasion and
colonization. Meanwhile, the independent T-cell produces
IgA with low affinity, binds (coats) commensal bacteria,
and provides competitive inhibition against pathogenic
species (Tezuka and Ohteki 2019). Thus, IgA can be
secreted and activated during a steady-state (undisturbed;
healthy) or intestinal infection condition. Furthermore, the
abundance and diversity of the intestinal microbiome are
affected mainly by feed composition and nutrition intake;
then, it automatically modulates the host's immune quality in
the intestines (Schofield and Palm 2018; Wei et al. 2020).

The growth of an animal depends on its capacity to
digest food. The presence of intestinal microbiota will
modulate the host's immune response. Therefore, the diversity
of microbiome types greatly determines the host's intestinal
immune system quality. Unfortunately, information explaining
microbiota variation in the small and large ducks' intestines is
still very limited. This study aimed to analyze the genomic
characteristics of small and large intestinal microbiota and the
distribution profile of IgA intestinal in ducks.

MATERIALS AND METHODS

An exploratory observational study was conducted in
intensive egg-laying-duck farming in Central Java, Indonesia.
Fifteen healthy domestic ducks (Anas platyrhynchos Linnaeus,
1758) were collected from the farm with the inclusive criteria,
including laid eggs duck, three months old, and antibiotics or
drugs-free for a month before sample collection.

Sample preparation

Ducks were sacrificed according to standard breeder
procedures; the small and large intestinal content sample
was examined. The ducks' sample was excluded from the
study when it contained endoparasite because it could
adversely affect intestinal anatomy and physiology. The
viable intestinal contents from each small and large
intestines of each duck have collected aseptically. The small
and large intestinal content sample from fifteen ducks was
then randomly divided into three groups. The content sample
from the same intestinal part of each group was combined
thoroughly and mixed until homogenous. Next, Five grams of
each small and large intestinal content was used for further
metagenomic  analysis. The collected sample was
homogenized using a vortex and stored in 3 mL microtubes.
Then the samples were frozen at -20°C for further analysis by
Next-Generation Sequencing (NGS). Two centimeters of each
small and large intestine was separated and cleaned
thoroughly with sterile distilled water and submerged using
10% formalin solution in phosphate buffer saline.
Subsequently, histological preparations were performed from
the tissues for detection. At the same time, their secretory IgA
was stained by immunohistochemistry.

DNA isolation and Next-Generation Sequencing (NGS)
analysis

QlAamp DNA Stool Mini Kit (Qiagen, San Diego,
California, US) was used for DNA extraction from
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intestinal contents samples, following manufacturer
protocol. First, the DNA bacteria from stool samples were
extracted separately then the isolated DNA from 15
samples was pooling-combined thoroughly. Next, intestinal
microbiota diversity and abundance were determined
utilizing the 16S rRNA gene marker region V3-V4. The
amplification process used Illumina HiSeq 2500 platform
for 20 cycles wusing primer-forward 338F (5'-
GGACTACHV GGGTWTCTAAT-3") and primer-reverse
806R (5'-GGACTACHVGGGTWTCTAAT-3') (Holm et
al. 2019), which bound to the barcode, i.e., a sequence of
eight bases specific to each sample. Furthermore,
metagenomic analysis was used to generate sequencing
amplification.

OTU cluster and species annotation

Sequences analysis was performed by Uparse software
(Uparse v7.0.1001, http://drive5.com/uparse/).  First,
sequences with >97% similarity were assigned to the same
OTUs. Then, the representative sequence for each OTU
was screened for further annotation. Finally, species
annotation The GreenGene Database (http://greengenes.
Ibl.gov/cgi-bin/nph-index.cgi) was used for each
representative sequence based on the RDP classifier
(Version 2.2, http://sourceforge.net/projects/rdp-classifier/)
algorithm to annotate taxonomic information.

Sequencing data analysis

Metagenomic analysis of 16S rRNA microbial
sequencing data was processed utilizing Quantitative
Insights Into Microbial Ecology software package
(QIIME?2) Ver. 2019.4 (Caporaso et al. 2010). First, the
paired-end file was demultiplexed using the demux plugin.
Then quality control was performed on every sample using the
Dada2 plugin (Callahan et al. 2016). Furthermore, four
diversity indexes were used in this study, explained in Table 1.

The taxonomy and species were identified based on
Greengenes 13 8 99% OTU database. First, data
visualization was performed in the heatmap form that was
compiled using the heatmap plugin; then, barplot taxa were
collected in Microsoft Excel 2010.

Table 1. Diversity indices of the bacteria community of small and
large intestines

Indices Function in diversity measurement Reference

Shannon  Measures uncertainty about the (Shannon
identity of species in the sample and and Weaver
its units quantify information. 1949)

Simpson  Measures the probability that two (Simpson
individuals randomly selected froma  1949)
sample belong to the same species

Chaol An estimator based on abundance, (Chao 1984)
which estimates the richness of
bacterial communities

Observed  The number of unique Operational (DeSantis et

OTUs Taxonomic Units (OTUs) that are al. 2006)

observed in a sample of bacterial
communities
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Table 2. Allred scoring system

Positive cells percentage  Staining Final score
(A intensity (B) (A+B)

0: no positive cells 0: none 0-2: negative
1: <1% of positive cells 1: weak 3-8: positive
2: 1-10% positive cells 2: intermediate

3:11-33% positive cells 3: strong

4: 34-66% positive cells
5:>67

Sources: Fedchenko and Reifenrath (2014)

High-Performance Liquid Chromatography (HPLC)
analyzes sugars

Sugar components analysis of the feed using the HPLC
method evaporated again to leave 20% moisture. Then, as
much as 0.5 mL of feed was crushed and put into a
threaded tube. The next step followed the previous method
(Susanti et al. 2021a).

Detection and staining of secretory IgA by
immunohistochemistry

Histological samples were fixed for over 15 days in a
4% neutral paraformaldehyde solution. Next, the intestinal
organ samples were cut and embedded with paraffin using
standard methods. Next, the paraffin-embedded duck
intestine was deparaffinized, Blocking Endogenous
Enzyme, Antigen Retrieval (Heat-induced epitopes
retrieval). Finally, primary antibody staining with goat anti-
chicken IgA antibody HRP conjugated (A.30-103P; Bethyl
Laboratories Inc) by sequential incubation, according to the
previous method (Susanti et al. 2021b).

Observations were conducted to determine the
emergence of brown stain antigen (IgA). The bright-field
observation method examined each intestinal tissue from
five fields of view, four edges, and one middle section.
Calculated observations were percentage proportions of
positive cells and staining intensity. Immunohistochemistry
evaluation using the Allred scoring system provides a range
of 0-8 (Koerdt et al. 2014) as a result of combining the
percentage of the positive cells (score 0-5) with reaction
product intensity (score 0-3). The final Allred score and its
category were defined as shown in Table 2.

The immune-histochemistry data was stated in a
criteria-based score of the histological appearance to
determine IgA distribution. All scores are then summed
(Table 2) and used to compare the histological conditions
of the small and large intestines. Finally, a qualitative
description was conducted to compare and explain the
histological appearance of the small and large intestines.

RESULTS AND DISCUSSION

The intestinal tract is a complex ecosystem, which is
the place where the symbiotic relationship occurs between
the host's cells and microorganisms. The hosts frequently
adapt to the bacteria's abundance and diversity by
producing IgA as a natural immune response (Pabst and
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Slack 2020). Hence, understanding IgA characterization
and bacteria composition could comprehensively help
observe and predict the correlation between bacteria
variations with duck’'s metabolism and immune mechanism
against diseases. Recently, most studies of the intestine
microbiota have focused on the effect of feed on the large
intestine microbiome (Zhao et al. 2017; Cao et al. 2020).
This study examines the abundance and diversity of
microbiota in small and large intestines and its relation to
secretory IgA distribution. The small intestine ecosystem is
closely related to digestive health, as this intestine part
facilitates most of the nutrient's assimilation and absorption
(Best et al. 2017; Volk and Lacy 2017).

Metagenomic microbiota in the small and large
intestine

The HPLC analysis shows that the monosaccharide
compound in the feed is more varied. That is true, even
though the concentration is lower than polysaccharides. At
least six monosaccharides were detected in the fed that may
naturally appear from the feed composition raw materials
(Table 3).

Fed is the most influential factor that affects gut
microbiome diversity. Therefore, there is a high probability
that the intestinal bacteria of ducks will change depending
on the type of feed (Susanti et al. 2021a). Based on the
amplification step, there are 137,157 sequence reads
obtained from small intestine pooled-sample contents. Each
sample's sequence read then was grouped into OTUs that
were categorized into 18 phyla in the small intestine, and
13 phyla were identified in the large intestine. Furthermore,
several phyla, including Gemmatimonadetes, Chloroflexi,
Nitrospirae,  Latescibacteria,  Planctomycetes, and
Zixibacteria, were only found in the small intestine.
Meanwhile, Verrucomicrobia was only found in the large
intestine.

The average number of OTUs in the small intestine was
almost 118,017, while 69,319 in the large intestine. The
abundance-base coverage estimator and Chaol values also
denoted that the small intestine microbiome was more
abundant than the large intestine. Chaol value in the small
intestine was higher (637.46+£97.29) than in the large
intestine (597.44+61.05), as well as the abundance-base
coverage estimator (ACE) value was higher in the small
intestine  (662.09+101.62) than in large intestine
(600.69+62.86) (Table 4). This data revealed that various
bacteria were abundant in the small intestine, then the
population decreased in the large intestine.

The microbiome abundance is higher in the large
intestine than the small intestine, performed to Shannon,
Simpson diversity index, and observed species (Table 2).
Alpha diversity of large intestine microbiota varies in
various animals. Shannon's previous study showed that the
Shannon index ranged from 4-5 in poultry (Guo et al. 2019;
Wen et al. 2019) but 7-9 in mammals (Cotozzolo et al.
2020; Xie et al. 2021). The Shannon's index in the current
study averaged 6.39+0.56, higher than in other poultry. The
high diversity of large intestine microbiota can also be
observed in the percentage of another phylum that had not
been identified (the others): 53.57% in large intestine and
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30.77% in the small intestine. These data indicated that the
bacteria community in the small intestine is less diverse
than the bacteria community in the large intestine, even
though the bacteria abundance is higher in the small
intestine. This finding is relevant to previous studies that
explain that the bacteria population is more abundant but
less diverse in the small intestine than in the large intestine
(YYang et al. 2020; Zhu et al. 2020).

Furthermore, dominant phyla Firmicutes, Actinobacteria,
and Bacteroidetes were observed in the small and large
intestines. Firmicutes are more prevalent in the small
intestine. At the same time, the large intestine is
dominantly populated by Actinobacteria and Bacteroidetes
(Figure 1). The other six phyla are in the small and large
intestine: Proteobacteria, Tenericutes, Thermomicrobia,
Saccharibacteria,  Acidobacteria,  Fusobacteria, and
Gemmatimonadetes, were found in only <1% of the total
observed species.

Furthermore, Figure 2 shows the proportional
contribution of dominant bacteria in the small and large
intestines from sampling ducks, specifically, Firmicutes,
Proteobacteria, Saccharibacteria, Acidobacteria, and
Gemmatimonadetes. Meanwhile, phylum Actinobacteria,
Bacteroidetes,  Tenericutes, = Thermomicrobia, and
Fusobacteria only contribute >50% of the total microbiome
in the large intestine. Interestingly, two main phyla were
found at opposite concentrations, where Bacteroidetes were
only found in the small intestine, then Gemmatimonadetes
were found only in the large intestine.

The higher bacterial density indicated by the dark color
explains that the large intestine may have a denser bacteria
community than the small intestine (Figure 3). That
indicated certain bacteria were more abundant in the
population number in the small intestine and less in the
large intestine. However, the diversity index performs that
bacterium in the large intestine is more diverse (Table 2).
Therefore, as a whole, no anomalies were found in this
study, i.e., diversity index values did not deviate from one
or more other values. All diversity index parameters
indicated that the large intestine had a higher diversity of
intestinal bacteria than the small intestine.

The domination of Firmicutes, Actinobacteria, and
Bacteroidetes is not only found in this study. Several
studies also explain similar founding in different species of
birds, including turkeys (Meleagris gallopavo Linnaeus,
1758) (Craft et al. 2022), Muscovy duck (Cairina moschata
Linnaeus, 1758) (Lyu et al. 2021), geese (Cygnus cygnus
Linnaeus, 1758) (Susanti et al. 2020), and broiler chickens
(Ross 308) (Xiao et al. 2017). Bacteroidetes dominance in
the large intestine in this study following previous studies
that Bacteroidetes dominance varied in Pekin duck (A.
platyrhynchos) 65%, Muscovy (C. moschata) 50% (Vasai
et al. 2014a), Shaoxing duck 33% (Zhao et al. 2019),
Cherry Valley duck 33.4% (Dai et al. 2018), mule duck
13.27% (Vasai et al. 2014b). In addition, a high bacteria
composition in the large intestine may cause by the
undigested natural fiber. That fiber provides long-chain
sugar used to metabolize most mutual bacteria (El-Katcha
et al. 2021).
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All bacteria members of Bacteroidetes are Gram-
negative, consisting of anaerobic obligate and aerobic
bacteria. Bacteroidetes can be resident in all parts of the
gastrointestinal tract because they can adapt to conditions
with different pH, nutrients, and oxygen availability.
Bacteroidetes' predominance in the large intestine is related
to their role as degrading biopolymers (polysaccharides).
Genetically, Bacteroidetes have enzymes that degrade
polysaccharides from food, such as fiber (cellulose). Also,
polysaccharides, such as N-glycans, could be secreted in
the gastrointestinal tract (Mckee et al. 2021).

Table 3. Detected sugar content in the feed

Concentration

Sugar Sugar category
(umol/g)

Xylose Monosaccharide 16.76+1.106
Arabinose Monosaccharide 12.80+0.906
Rhamnose Monosaccharide 21.52+1.367
Glucose Monosaccharide 26.79+1.769
Galactose Monosaccharide 33.51+2.223
Mannose Monosaccharide 19.98+1.363
Total of monosaccharide 131.36
Trehalose Polysaccharide 63.60+3.960
Raffinose Polysaccharide 56.67+3.689
Stachyose Polysaccharide 80.24+5.424
Total of polysaccharide 200.51

Table 4. Summary statistics and diversity indices

Item Small intestine Large intestine
Sequencing number 137,128+26.41 106,834+14137.25
OTU 118,016.7+1255.45 69,318.67+10381.17
OTU (value) 118,017+1255 69,319+10381
Observed-species ~ 487+77 573+56
Shannon 3.75+0.24 6.39+0.56
Simpson 0.78+0.02 0.97+0.02
Chaol 637.46+97.29 597.44+61.05
ACE (Abundance- 662.09+101.62 600.69+62.86
base Coverage
Estimator)
Good's coverage 0.998 0.999
1
m Others
0.8 ® Gemmatimonadetes
g Fusobacteria
_5 0.6 Acidobacteria
5 Saccharibacteria
ﬁ ® Thermomicrobia
g 0.4 m Tenericutes
& m Proteobacteria
02 Bacteroidetes
H Actinobacteria
¥ Firmicutes
0

Small Intestine (SI) Large Intestine (LI)

Figure 1. Average spatial distribution of the top 10 phyla in the
small and large intestines pooled-sample content of ducks
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Figure 2. Comparison of the average percentage contribution of
each phylum in the small and large intestine
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Figure 3. Phylum heatmap distribution of intestinal bacteria
density and abundance

The Firmicutes/Bacteroidetes ratio in intestinal tracks is
a relevant marker for dysbiosis conditions affected by
digested fiber content. Fiber-contained feed proves
increasing  Bacteroidetes population and lowering
Firmicutes/Bacteroidetes ratios (Magne et al. 2020). In this
study, polysaccharide composition in the duck feed is
higher than monosaccharides (Table 2). However, it is
probably being digested into monosaccharides and absorbed
in the small intestine. It is proven by the low ratio found in
the large intestine that may cause by decreased remaining
digested fiber in the large intestine. Further analysis should
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be conducted to measure the polysaccharides composition
and types in small and large intestines to describe gut
microbiome-related sugar contents in ducks.

In addition, the various components of feed may the
main factor contributes to gut microbiome diversity in this
study. The feed composition for the ducks is mainly
composed of concentrate, bran, dried rice, and additional
feed in the form of palm sugar and molasses. That feed
composition produces high monosaccharide content (Table
2). Overfeeding practice increases high monosaccharides
consumption that triggers dysbiosis and metabolic
inflammation in the intestinal organs (Wei et al. 2020). In
addition, it starts glucotoxicity and increases intestinal cell
permeability, and loosens junctions, which results in
intestinal cell necrosis (Chakaroun et al. 2020; Filippello et
al. 2021). Furthermore, dysbiosis is characterized by a
decreased population of Segmented Filamentous Bacteria
(SFB) such as Clostridium and Candidatus arthromitus,
which is increased risk of obesity, delayed Thl7
maturation, and reduced IgA production (Luo et al. 2021;
Elsasser 2022). In addition, excessive monosaccharide
sugar also decreases SCFA produced by Firmicutes, which
play a role in the boost immune system. A low population
of Firmicutes allows increasing composition of
Proteobacteria and opportunistic pathogenic bacteria that
cause leaky gut syndrome (Zhang et al. 2022).

The ducks' gut microbiome and intestinal tract are one
of the primary organs for natural immunity that are
influenced by the intake of nutrients from feed (Garro et al.
2018). Feed-transit time in the small intestine is short
because of fast luminal flow, and the presence of digestive
enzymes and bile makes it suitable only for certain bacteria
(Yang et al. 2020). Conversely, the ducks' gut microbiome is
diverse depending on their rearing management, which
affects their physiology (Wang et al. 2018; Zhao et al. 2019).

The metagenomic analysis also reveals 282 total genera
were identified in ducks' small and large intestines.
However, the number of identified groups in the small
intestine is up to 232 genera and 3,294 other is unidentified.
Then 204 identified genera and 22,384 unknown genera
were found in the large intestine. The top 10 genera were
Streptococcus, Bacillus, Lactobacillus, Corynebacterium,
Weissella, Subdoligranulum, Enterococcus, Bacteroides,
Faecalitalea, and Romboutsia (Figure 4). Streptococcus and
Lactobacillus were most abundant in small intestines,
accounting for 60.06% and 18.35%, respectively.
Nonetheless, these genera were present at a drastically low
level in the large intestine (less than 8%) (Table 5). Five
genera in the small intestine (Bacillus, Corynebacterium,
Weissella, Enterococcus, Romboutsia) were in the range of
1.23-4.22%, and the other three genera (Subdoligranulum,
Bacteroides, Faecalitalea) were in the field of <1%. In the
large intestine, no dominant genus was seen. There were
seven genera (Streptococcus, Lactobacillus, Corynebacterium,
Weissella, Subdoligranulum, Enterococcus, Faecalitalea)
which were in the range of 5.79-9.61%, two other genera
(Faecalitalea and Bacteroides) were in the field of 1.49-3.1,
and the genus Bacillus was only 0.04%.

It was discovered that Corynebacterium, Weissella,
Subdoligranulum,  Enterococcus, Bacteroides, and
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Faecalitalea were all detected in greater abundance in the
large intestine than in the small intestine. For example,
Figure 5 shows that the genera Streptococcus, Bacillus,
Lactobacillus, and Romboutsia contributed more than 60%
of the total bacteria in the small intestine. On the other hand,
the genera Corynebacterium, Waissella, Subdoligranulum,
Enterococcus, Bacteroides, and Faecalitalea dominated the
large intestine.

The proportion of genera Streptococcus, Bacillus,
Lactobacillus, and Romboutsia contributed more (>60%) to
the small intestine. At the same time, the genera
Corynebacterium, Waissella, Subdoligranulum, Enterococcus,
Bacteroides, and Faecalitalea contributed more (>60%) in the
large intestine. In addition, it was reported that Bacteroides
could stimulate immune system development, act as
differentiators of immunomodulatory functions, and enhance
the animal mucosal barrier (Wexler and Goodman 2017).
Meanwhile, Streptococcus, Lactobacillus, Bifidobacterium,
and Enterococci can evolve metabolic pathways based on fast
absorption and monosaccharides alteration (Wessels 2022).
Lactococcus's presence in the small intestine is associated with
lipid and carbohydrate metabolism (Maki et al. 2019).
Resident bacteria in the small intestine are dominated by
aerotolerant species, while in the large intestine are dominated
by strict aero-intolerant species (Mailhe et al. 2018).

Pathogenic bacteria related to duck health are R.
anatipestifer, E. coli, Salmonella, Streptococcus, and
Enterococcus (Volk and Lacy 2017). In this study,
Streptococcus and Enterococcus were detected both in the
small and large intestines, as in the study result by Yang et
al. (2020) in muscovy duck. Both Enterococcus and
Streptococcus seem to be part of the duck intestine
microbiome, with 15-50 % of the population comprising
both bacteria (Vasai et al. 2014a). Streptococcus and
Enterococcus were 62.56% in the small intestine, while
16.75% in the large intestine. Interestingly, the high
composition of Streptococcus and Enterococcus was
identified in the sample duck microbiome. However, the
ducks in this present study were clinically healthy. The
presence of pathogenic genera of bacteria needs to be further
studied because they do not seem necessarily triggers any
infection. Likewise, Figueroa's et al. (2020) research result
showed that the intestinal microbiota of ducks could control
several pathogenic bacteria and avian influenza virus
replication. It makes ducks a natural reservoir for the avian
influenza virus while preventing disease outbreaks.

Immunohistochemical observation of secretory IgA in
the small and large intestine

The abundance of bacteria community may also
contribute to the duck's intestinal anatomy as an interaction
result with their microhabitat. Immunohistochemical
analysis results of the IgA showed that all intestinal organs
described in this study were histologically normal. IgA labeled
immune showed brown staining of cytoplasm. These results
indicated that IgA was discovered in ducks' small and large
intestines, as depicted in Figure 6. The IgA was distributed
equally with no significantly different in the small and large
intestines. The IgA is massively found in lamina propria, with
most cells arranged around the intestinal crypts (Figure 6).
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Based on the immunohistochemical analysis, the
proportion of positive cells in the small and large intestines
was 15.40% (score: 2.93) and 16.48% (score: 2.80),
respectively. In addition, both small and large intestines
exhibited intermediate staining intensity (score: 2.07-2.20).
Therefore, the final Allred score (Sum of positive cells
percentage score and staining intensity score) for the small
intestine and large intestine was 5.0 (positive) (Table 6).

Table 5. The differential analysis of the ten most abundant genera
in the small and large intestines of ducks

Genera Abundant (%)
Small intestine (SI) Large intestine (LI)

Streptococcus 60.06+5.09 8.20+4.41
Bacillus 1.23+1.42 0.04+0.01
Lactobacillus 18.35+12.93 5.79+3.64
Corynebacterium_1 3.63+1.19 6.66+12.22
Weissella 4.22+3.72 9.27+14.63
Subdoligranulum 0.10+0.12 9.61+9.45
Enterococcus 2.52+0.97 8.731£9.92
Bacteroides 0.02+0.02 3.10+1.81
Faecalitalea 0.07+0.06 6.19+3.79
Romboutsia 2.33+3.41 1.49+1.52
Others 7.47+4.49 40.51+7.32
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Figure 4. Average spatial distribution of the top 10 genera in the
small and large intestines of duck
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Figure 6. IgA immune-histochemical staining in the small intestine (A) and large intestine (B) of duck. The IgA (black arrows) were
distributed in lamina propria, and some cells were accumulated around the crypts (magnification: 400x)

Table 6. Representation of immunohistochemistry staining intensity, positive cells, and final score of IgA in the small and large

intestine

Intestinal section % Positive cells

Positive cells score

Staining intensity score Final Allred score

15.40+5.32
16.48+6.31

Small intestine
Large intestine

2.93+0.29
2.80+0.41

2.07+0.38 (intermediate)
2.20£0.39 (intermediate)

5.00+0.47 (positive)
5.00+0.60 (positive)

Furthermore, IgA production is increased if there is a
pathogenic infection in the intestinal tract. For example,
broiler chickens infected with Salmonella enteritidis can
cause an increase in IgA production (Pabst and Slack
2020). Methionine deficiency significantly lowers broiler
chickens' duodenal IgA levels (Wu et al. 2018). In this
study, ducks were clinically healthy, although
Streptococcus and Enterococcus were identified in their
intestines. In these ducks' intestines, there was a balance -
microbiota composition, and no microorganisms promoted
IgA overproduction. IgA response effectively stabilizes
symbiotic microorganisms' colonization and resists the
invasion of exogenous organisms (Schofield and Palm
2018). Furthermore, IgA is crucial in selecting and
stabilizing specific symbionts within the host (Donaldson
et al. 2018), highly influencing microbiota composition.
This is indicated by dysbiosis due to IgA lack in
individuals (Fadlallah et al. 2018). The duck immune
system may be tolerant to the presence of infectious agents,
and this is relevant to its role as a reservoir for various
pathogenic viruses and bacteria (Evseev and Magor 2019;
Figueroa et al. 2020).

The intestinal microbiota is isolated from the host by
only an epithelial membrane and a mucus layer (Schroeder
2019). Epithelial cells and mucus layer are the initial
protection against microbes and the initial tolerance to
commensal microbes (Ali et al. 2020). Host-commensal
microbe interactions are dynamically controlled and
determined by complicated interactions among microbiota,
intestinal immunity, metabolites (metabolomics), and
nutrients. Host metabolism is enhanced as part of the

mutualistic symbiosis between host and commensal
microbiota, and healthy intestinal tissue conditions and
homeostasis are maintained. IgA response determines
commensal species combination colonizing in the intestinal
tract. 1gA response requires considerable metabolic energy
to trigger the production of antibodies by tissue-resident
plasma cells (Penny et al. 2022). Microbiota is also needed
to produce IgA in the intestine (Robak et al. 2018). A study
by Figueroa et al. (2020) showed a decrease in mMRNA
expression of IgA's heavy chain constant region in
antibiotic-treated ducks' intestines. In the intestine, there is
also an interaction between enteric viruses and microbiota.
Under normal conditions, avian influenza virus replication
in duck's intestines decreased compared to ducks treated
with antibiotics.

In conclusion, the high sugar content may increase
imbalance conditions in duck's intestinal microbiome,
characterized by changes in bacterial composition, which is
more dominated by Streptococcus and Enterococcus.
However, the condition does not manifest and exhibits
chronic inflammatory symptoms in the small and large
intestinal organs. It is indicated by the distribution of IgA
in the small and large intestines, which is not
overexpressed. In addition, the diversity of bacteria is more
dominant in the large intestine, which may indicate that the
contents of the large intestine still have enough nutrients to
support bacterial growth. Therefore, further study should be
conducted to holistically identify the host's immune condition
to identify specific-related immune cells in the microbiome,
including Th17, B cell, neutrophile, and macrophage.
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