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Chinese liver fluke Clonorchis sinensis infection changes the gut
microbiome and increases probiotic Lactobacillus in mice
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Abstract

Chinese liver fluke Clonorchis sinensis changes the host’s immune system. Recently, it has been reported that helminths
including C. sinensis can ameliorate immune-related diseases such as allergy. In addition, recent studies showed that helminth
infection can alleviate immune-mediated disorders by altering the gut microbiome. However, changes in the gut microbiome due
to C. sinensis have not been reported yet. In this study, changes in the gut microbiome of C57BL/6 mice infected with C. sinensis
metacercariac were evaluated over time. Stool was analyzed by 16S rRNA amplicon analysis using high-throughput sequencing
technology. There was no apparent difference in species richness and diversity between the infected and control groups.
However, the composition of the microbiome was different between the infected and control groups at 20 days and 30 days
post-infection, and the difference disappeared at 50 days post-infection. In particular, this microbiome alteration was associated
with a change in the relative abundance of genus Lactobacillus and the probiotic Lactobacillus species that are known to have an

immune-modulation role in immune-mediated diseases.
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Introduction

Recent epidemiological and clinical evidence has supported the
hygiene hypothesis, which proposes that the elimination of
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intestinal helminths in developed countries contributes to the
increased incidence of immune-mediated diseases (Cooper
et al. 2003; Feary et al. 2011; Maizels and Yazdanbakhsh
2003; Wammes et al. 2014). Chinese liver fluke (Clonorchis
sinensis) infection is a major public health problem in some
Asian countries, including the Republic of Korea. This endemic
disease provokes the loss of liver function, chronic liver diseases,
and even cholangiocarcinoma (Hong 2003; Rim 2005). On the
other hand, it has been known that C. sinensis considerably
changes the host’s immune system (Choi et al. 2003; Kim et al.
2017). In a recent study, C. sinensis—derived total protein atten-
uated airway inflammation in a murine asthma model, induced
regulatory T cells, and modulated dendritic cell functions (Jeong
etal. 2011). An epidemiological study also showed that the skin
prick test and IgE reactivity for acroallergens vary by C. sinensis
infection status, suggesting its potential effect on immune-
mediated diseases (Choi et al. 2011).

Numerous studies have focused on changes in the
microbiome caused by helminths (Broadhurst et al. 2012; Li
et al. 2012; Osbome et al. 2014; Plieskatt et al. 2013; Rausch
et al. 2013; Walk et al. 2010). Intestinal helminths have been
reported to alter intestinal physiology, permeability, mucous se-
cretion, and production of antimicrobial peptides, all of which
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may impact the gut microbiome (Zaiss and Harris 2016).
Furthermore, changes in the gut microbiome due to helminth
infection have been reported as one of the mechanisms of
helminth-induced modulation of immune-mediated disorders
(Zaiss et al. 2015). However, no study has been conducted to
determine whether C. sinensis changes the gut microbiome or
whether such changes are of immunological significance. In this
study, we evaluated the effect of C. sinensis infection on the gut
microbiome at specific time points: before infection (0 days post-
infection (PI)), early stage (10 days PI), adult worm stage (20 and
30 days PI), and post-worm-expulsion stage (50 days PI). We
used C57BL/6, a mouse strain that is relatively susceptible to
C. sinensis infection; the worm recovery rate is 10% at 4 weeks
PI (Uddin et al. 2012). This strain of mouse has been widely used
in gut microbiome research. Finally, we performed 16S rRNA
amplicon analysis to investigate the gut microbiome using high-
throughput sequencing technology.

Materials and methods
Parasites and experimental design

C. sinensis metacercariae, used for infecting mice in this study,
were collected from Pungtungia herzi caught at Gunwi-gun,
Gyeongsangbuk-do, Korea. To standardize the intestinal bac-
teria, 6-week-old C57BL/6 mice were co-housed in one cage
for 2 weeks. At 8 weeks of age, the mice were infected orally
with 30 metacercariae. Seven mice were used for both infec-
tion and control groups. After metacercariae infection, each
mouse was raised in a different cage. Stool from the mice was
collected every 10 days until sacrifice at 50 days after infec-
tion. All animal studies were approved by the Department of
Laboratory Animal Resources Committee of Yonsei
University College of Medicine (No. 2015-0339). Animal
experiments were carried out in animal biosafety level-3
(ABL-3) facilities in accordance with standard management
practices.

High-throughput sequencing of 16S rRNA gene
amplicons

DNA from the stool of each mouse was extracted using the
QIAamp DNA Microbiome Kit (Qiagen, Hilden, Germany).
The V3-V4 region of the 16S rRNA gene was amplified by
PCR using the bacterial universal primer pair (forward primer:
5'- TCGTCGGCAGCGTCAGATGTGTATAAGAGACA
GCCTACGGGNGGCWGCAG-3'; reverse primer: 5'-
GTCTCGTGGGCTCGGAGATGTGTATAAGAGAC
AGGACTACHVGGGTATCTAATCC-3"). A limited-cycle
amplification step was performed to add multiplexing indices
and Illumina sequencing adapters. The libraries were normal-
ized, pooled, and sequenced using the MiSeq platform

@ Springer

(Illumina MiSeq V3 cartridge [600 cycles]; Illumina, San
Diego, CA, USA) according to the manufacturer’s
instructions.

Bioinformatics

Bioinformatic analyses were performed as follows (Kim et al.
2018a, b). Raw reads were processed through a quality check,
and low-quality (<Q25) reads were filtered using
Trimmomatic 0.32 (Bolger et al. 2014). Paired-end sequence
data were then merged using PandaSeq (Masella et al. 2012).
Primers were trimmed using the ChunLab in-house program
(ChunLab, Inc., Seoul, Korea), applying a similarity cut-off of
0.8. Sequences were denoised using the Mothur pre-clustering
program, which merges sequences and extracts unique se-
quences, allowing up to two differences between sequences
(Schloss et al. 2009). The EzBioCloud database (https://www.
ezbiocloud.net/) (Yoon et al. 2017) was used for taxonomic
assignment using BLAST 2.2.22, and pairwise alignments
were generated to calculate similarity (Altschul et al. 1990;
Myers and Miller 1988). The UCHIME algorithm and non-
chimeric 16S rRNA database from EzTaxon were used to
detect chimeric sequences for reads with a best hit similarity
rate of <97% (Edgar et al. 2011). Sequence data were then
clustered using CD-Hit and UCLUST (Edgar 2010; Fu et al.
2012).

Statistical analysis

The following analyses were performed with BIOiPLUG, a
commercially available ChunLab bioinformatics cloud plat-
form for microbiome research (https://www.bioiplug.com/)
(Kim et al. 2018b). The reads were normalized to 40,000 to
perform the analyses. We computed the Shannon index
(Shannon et al. 1948) and performed principal coordinate
analysis (PCoA) (Gower 1966) and permutational multivari-
ate analysis of variance (PERMANOVA) (Anderson 2001)
based on the UniFrac distance (Lozupone and Knight 2005).
The Wilcoxon rank-sum test was used to test the difference
between groups in the number of operational taxonomic units
(OTU), Shannon index, and relative abundances of specific
taxa. p < 0.05 and false discovery rate (FDR)-adjusted p value
< 0.1 were considered significant. Linear discriminant analy-
sis (LDA) effect size (LEfSe) analysis was used to identify
significantly different taxa between the groups (Segata et al.
2011).

Histopathology
Hematoxylin and eosin staining

Mice were sacrificed by CO, asphyxiation at pre-determined
times, and livers were collected and fixed in 10% formalin for
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24 h. Whole liver specimens were embedded in paraffin. The
middle part of the embedded livers was transversely cut into
4-pum-thick sections and processed for routine hematoxylin
and eosin (H&E) staining. The slides were examined by light
microscopy.

Results and discussion

For the C. sinensis infection and control groups at all time
points, the average read count was 77,067 and 88,437, respec-
tively (Table S1). Three samples were not included in data
analysis (I4 at 50 days PI due to low read counts, 7 at 30 days
PI, and C3 at 50 days PI due to sequencing failure). After
normalizing the reads, alpha diversity was assessed. The num-
ber of OTU and Shannon index were not significantly differ-
ent between the two groups at all time points (Table S2), sug-
gesting that C. sinensis infection did not significantly alter the
number of bacterial species (richness) and bacterial diversity
in the mouse gut microbiome. To assess the beta diversity, we
performed PERMANOVA (Table S3). The result showed that
C. sinensis infection was a significant factor in determining
gut microbiome composition at 20 and 30 days PI, but the
significance disappeared at 50 days PI. In PCoA, the samples
at 20 and 30 days PI were organized well according to infec-
tion status (Fig. 1a), but the samples from the other time points
were not (Fig. 1b).

At the genus level (Fig. 2), the two most abundant genera
were Lactobacillus and Bacteroides. In C. sinensis—infected
mice, the initial relative abundances of Lactobacillus and
Bacteroides were 39.2% and 34.4%, respectively. After infec-
tion, the relative abundance of Lactobacillus increased until

a PCoA at 20 days and 30 days post-infection

-----

Infection_20days @ Infection_30days @ Control_20days @ Control_30days

Fig. 1 PCoA of the gut microbiome of C. sinensis—infected (green circle)
and control (red circle) mice at a 20 and 30 days post-infection and b 0
and 10 days post-infection. The samples at 20 and 30 days post-infection

30 days PI, reaching 50.5%, 2.5 times that of Bacteroides. At
50 days PI, the relative abundance of Lactobacillus decreased
to 43.1%, with a ratio to Bacteroides of 1.06.

LEfSe analysis was performed to identify the differences in
bacterial abundance between the groups at the 20 and 30 days
PI (Fig. 3). The highest LDA score in the infection group was
for Lactobacillus: 4.94 at 20 days PI and 4.79 at 30 days PI. In
particular, the LDA score of the Lactobacillus reuteri group
was 3.87 at 20 days PI and 3.63 at 30 days PI. The relative
abundance of Lactobacillus reuteri at 20 days PI was 1.55% in
the infection group and 0.06% in the control group, decreasing
t0 0.90% and 0.04% at 30 days PI, respectively. At 0, 10, and
50 days PIL, the relative abundances of genus Lactobacillus
and species of the Lactobacillus reuteri group were not differ-
ent between the infection and control groups (Table S4).

The relative abundance of Lactobacillus was not different
between groups at 0 and 10 days PI (Fig. S1). The relative
abundance of Lactobacillus in the infection group increased
over time and became significantly different from that of the
control group at 20 and 30 days PI. Nonetheless, the abun-
dance decreased at 50 days PI, and the significance of differ-
ence disappeared.

In this study, there was no significant difference in alpha
diversity between the infection and control groups. However,
the composition (beta diversity) of the mouse gut microbiome
changed at 20 days and 30 days after C. sinensis infection, but
this change disappeared at 50 days. This was mainly related to
the change in relative abundance of Lactobacillus.

The change in composition of the microbiome over time
might be related to the life cycle of C. sinensis in C57BL/6
mice. We confirmed that the adult worms had already been
removed or passed from the body at 50 days PI. At that time,

b PCoA at 0 days and 10 days post-infection
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Infection_Odays @ Infection_10days @ Control_Odays @ Control_10days

were organized well according to infection status, but the samples from 0
to 10 days post-infection were not
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Fig. 2 Gut microbiome composition of C. sinensis—infected (n =7) and
control (n =7) C57BL/6 mice over time at the genus level. Stools of mice
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Fig. 3 LEfSe analysis of
differentially abundant gut
bacterial taxa between

C. sinensis—infected (green) and
control (red) groups at 20 and

30 days post-infection. Only taxa
meeting and LDA significance
threshold of > 3 are shown. p,
phylum; ¢, class; o, order; f,
family; g, genus; s, species
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we did not find parasitic eggs microscopically in the mouse
stool, nor did we detect adult worms in hepatobiliary tissue
staining. However, the eggs of C. sinensis were trapped in
hepatobiliary tissue of all infected mice (Fig. S2). Therefore,
it was considered that the gut microbiome changed at 20 and
30 days when C. sinensis grew into adults and secreted eggs or
excretory-secretory products into the bile and intestine, and
this effect disappeared after adult worms were removed from
the body.

In previous studies on O. viverrini and O. felineus in-
fection, an increase in Lactobacillus in the feces and liver
was reported, consistent with our finding of increased
Lactobacillus in C. sinensis—infected mice. A study of
the microbiome of hamster infected by Opisthorchis
viverrini, another liver fluke prevalent in Southeast Asia,
is in agreement with our results. During 6-week infection,
Lactobacillus was increased in the feces of hamster
(Plieskatt et al. 2013). A previous human study is also
in line with our results. In bile microbiome examination
of patients who underwent cholecystectomy for cholelithi-
asis, Lactobacillus was increased by O. felineus infection
(Saltykova et al. 2016). Other studies have also demon-
strated that nematode infections, including of
Heligmosomoides polygyrus and Trichinella spiralis, in
C57BL/6 mice significantly increased the abundance of
Lactobacillaceae (Osborne et al. 2014; Walk et al. 2010).

Notably, the proportion of the L. reuteri group was in-
creased by C. sinensis infection. This bacterium, currently
used as a probiotic, has been reported to have anti-
inflammatory effects. Oral treatment with L. reuteri attenuated
allergic airway inflammation and induced regulatory T cells in
a mouse model (Karimi et al. 2009). Additionally, L. reuteri
attenuated necrotizing enterocolitis in a rat model, reducing
TLR4 and NF-kB signaling and increasing regulatory T cells
in the intestine (Liu et al. 2012, 2013). The results of recent
studies that showed that allergic airway inflammation was
decreased by treatment with various liver flukes such as
C. sinensis and Fasciola hepatica might be associated with
increased anti-inflammatory bacteria such as Lactobacillus
(Finlay et al. 2017; Jeong et al. 2011).

Chronic O. viverrini infection promoted Helicobacter
pylori growth in the hamster liver (Itthitactrakool et al.
2016) and H. pylori was reported to be increased in the
feces and liver of O. viverrini—infected hamster
(Deenonpoe et al. 2015). Furthermore, recent studies re-
ported that Helicobacter spp., associated with O. viverrini
infection, is a possible risk factor of cholangiocarcinoma
(Kaewpitoon et al. 2016). In our study, we could not con-
firm the correlation between C. sinensis infection and rel-
ative abundance of H. pylori, since we did not use a
mouse that already had H. pylori. In this study, using
mouse stool, sample Odaycontroll had two reads of
Helicobacter spp. (0.002%), whereas Odayinfectionl had

two reads (0.002%), 20daycontrol7 had one read
(0.001%), and the other 64 stool samples did not have
any. Intermittently occurring one or two reads, from the
approximately 80,000 reads, was negligible. We per-
formed animal studies in animal biosafety level-3 (ABL-
3) facilities using SPF mice, and H. pylori was considered
not to be present initially in the mice. In addition,
Helicobacter spp. was not detected by microbiome anal-
ysis of C. sinensis metaceracariae, which were initially
introduced into the mice (Table S5). In previous studies
with O. viverrini—infected hamster, control animals had
H. pylori (Deenonpoe et al. 2015). If C. sinensis infects
in presence of H. pylori, it may alter the relative abun-
dance of H. pylori and also the inflammation and carci-
nogenesis pattern in the liver, since O. viverrini and
C. sinensis both cause inflammation in the liver and can
cause cholangiocarcinoma.

Some previous studies on microbiome change, caused by
liver fluke infections (O. viverrini and O. felineus), had inves-
tigated the microbiome of the hepatobiliary system, focusing
on the carcinogenic effect of altered microbiome on the sys-
tem (Plieskatt et al. 2013; Saltykova et al. 2016). However, we
focused on the anti-inflammatory effect of the altered
microbiome, by parasite, and did not investigate the
hepatobiliary bacteria. In addition, we used C57BL/6 mouse
strain, which is widely used in immunological and
microbiome studies. Although this strain is relatively more
susceptible to C. sinensis than other mouse strains, in general,
mouse is not susceptible to C. sinensis. In future, rabbit or
hamster, which is more susceptible than mice, should be used
for the study of microbiome changes caused by C. sinensis
infection.

In conclusion, C. sinensis infection in mice changed
the composition of the gut microbiome and increased the
proportion of probiotic Lactobacillus species, which may
act to modulate the immune system and alleviate immune-
mediated diseases.
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