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Abstract Concomitant infections of different species of par-
asites are common in the field. Infection with one parasite
species likely triggers host responses that may influence the
subsequent infection of another species and alter disease out-
comes. So far, the majority of studies have focused on single
species parasite infection, and the mechanisms of protection
induced by the first parasite infection against the secondary
infection remain poorly defined. In this study, we assess the
impact of trematode Clonorchis sinensis infection on the
course of another tissue nematode Trichinella spiralis chal-
lenge. We observed that mice with preexisting C. sinensis
infection had lower worm burden of intestinal 7. spiralis than
those infected with 7. spiralis alone; mice with preexisting C.
sinensis also had severe enteric histopathological changes and
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higher counts of intestinal Paneth cells in responses to T.
spiralis challenge. The mRNA levels of interleukin (IL)-4,
IL-10, IL-13, and tumor necrosis factor (TNF)-« from the
small intestine and spleen of the different groups were ana-
lyzed using quantitative real-time polymerase chain reaction.
Compared with that in mice infected with 7. spiralis alone, the
mRNA expression of [L-13 was significantly increased in the
small intestine tissues and IL-4, IL-13, and TNF- were
significantly increased in the spleen tissues in the dually
infected mice. Our findings suggest that a “preexisting” trem-
atode infection of C. sinensis is a factor which contributes to
reducing the establishment of 7. spiralis adult worms in the
small intestine.

Introduction

Mixed parasite infections are common in many parts of the
world. Nearly one half of the world’s human population is
infected with one or more of a variety of parasitic helminthes
(Bazzone et al. 2008). More than 72 species of protozoan and
helminth parasites can reach humans by contaminated food
and water. Food-borne trematodes are important causes of
parasitic infections in many Asian countries. Among the hel-
minths, seven trematode species, four cestode species, and
seven nematode species can infect humans through the con-
sumption of raw seawater and/or freshwater food (Pozio 2003).
The trematode Clonorchis sinensis (liver fluke) causes the
important food-borne zoonosis, clonorchiasis. The adult worms
lodge in the smaller bile ducts of the liver, causing inflamma-
tion and fibrosis of the adjacent tissues. Human hosts become
infected through the consumption of raw or poorly cooked fish.
Clonorchiasis is endemic in East Asia, especially in China,
mainly in Guangdong, Guangxi, and Heilongjiang provinces,
and also in Korea (Lai et al. 2008). Trichinella spiralis is a
nematode that causes trichinosis, a parasitic disease caused by
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eating raw or undercooked pork or wild game infected with the
larvae of the roundworm. The adult worms live in the small
intestine, and the mature female worm releases larvae that
travel through the bloodstream to the muscles. It has been
recognized that helminths and their antigens have important
immunomodulatory activities (Maizels and Yazdanbakhsh
2003). C. sinensis and T. spiralis infections are two of the most
prevalent food-borne parasitic diseases in China, but little is
known of the effects of concomitant parasite infections on
the immune response or severity of clinical disease, and the
mechanisms contributing to altered disease outcomes during
coinfection also remain poorly defined.

It has been reported that Toxoplasma gondii and T. spiralis
coinfection in swine can cause specific serum antibody re-
sponses (Bokken et al. 2012). Amelioration of influenza-
induced pulmonary pathology has been demonstrated when
mice were coinfected with 7. spiralis (Furze et al. 2000).
Progression of visceral leishmaniasis due to Leishmania
infantum in BALB/c mice is markedly slowed by prior infec-
tion with 7. spiralis (Rousseau et al. 1997). However, so far,
there is no report about 7. spiralis and C. sinensis coinfection.
In this study, we investigated whether preinfection of C.
sinensis, a liver fluke, could modulate host anti-7. spiralis
response and the development of experimental trichinosis in
mice. We compared worm burden of Trichinella parasites,
histological changes, and immune responses in mice infected
with 7. spiralis alone or infected with both parasites and
showed that preinfection of C. sinensis could lead to signifi-
cant changes in mouse intestinal tissues. Our data indicated
that the reduced establishment of intestinal 7. spiralis during
concurrent infections may be caused by both the pathological
changes and nonspecific immunological interactions in the
intestinal mucosa in Kunming (KM) outbred mice.

Materials and methods
Preparation of C. sinensis metacercariae

C. sinensis metacercariac were isolated from freshwater fish
(Pseudorasbora parva) that were kept in our indoor ecologic
pool at Sun Yat-sen University. Infected fish were digested
with pepsin solution (0.2 % HCI and 0.6 % pepsin, pH 2.0)
for 2-3 h at 37 °C to collect metacercariae under stereomi-
croscope. The C. sinensis metacercariae were kept in 0.1 M
phosphate-buffered saline (PBS, pH 7.4) at 4 °C until use
(Wang et al. 2009).

Animals and parasite infections
KM (outbred) mice, 68 weeks old and specific-pathogen-

free, were purchased from the Experimental Animal Center
of Sun Yat-sen University (Guangzhou, China). The strain of
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T. spiralis (pig strain) was maintained in our laboratory via
serial passage in mice. 7. spiralis infectious larvae were re-
covered from muscles of mice 60—90 days postinfection (p.i.),
and eviscerated mouse carcasses were cut into pieces and then
digested in 0.6 % pepsin with 0.2 % hydrochloride digestion
fluid 4 h at 37 °C under stirring condition. The larvae were
identified from digested solution under microscopy and
washed six times with sterile PBS (Park et al. 2011). In total,
104 mice were included in this study. Mice were divided into 4
groups; except for the uninfected control group consisting of
8 mice, the other three groups all consisted of 32 mice per
group and 8 mice per group at each time point. (1) Uninfected
control; (2) coinfection: mice were infected with 30 encysted
metacercaria of C. sinensis 20 days before challenge infection
of 300 T spiralis larvae in 0.1 ml of PBS administered by oral
gavage; (3) mice were infected with 300 T. spiralis larvae
alone by oral gavage on day 0; (4) mice were infected with 30
encysted metacercaria of C. sinensis alone by oral gavage. C.
sinensis infection was confirmed by serological ELISA test.
The numbers of adult worms in the small intestine were
assessed at 5, 10, 15, and 20 days p.i. of T. spiralis. The
Ethical Committee of Animal Experiments of Sun Yat-sen
University approved all experiments done in this study.

Recovery of adult worms from the small intestine

The entire length of the small intestines was removed, opened
longitudinally, and incubated in PBS at 37 °C for 4 h to induce
migration of worms from the gut epithelium into solution.
Worms were counted following incubation. Briefly, the mu-
cosa was separated from the underlying muscularis by scrap-
ing with a glass microscope slide and mixed with 4 ml of PBS.
All the adult worms were then counted by using a scored Petri
dish and under an inverted microscope. The worm counts
were expressed as the total number of worms per mouse.

Histology

Consecutive lengths of the small intestine taken 10 cm from
the pyloric sphincter were fixed in neutral buffered formalin,
embedded in paraffin, and histologically processed using
standard methods; 5-pum tissue sections (50- or 100-pum dis-
tance between sections) of the organ from each mouse were
cut, dewaxed, rehydrated, and stained with hematoxylin and
eosin (H&E) (Sigma-Aldrich, Shanghai, China) for mucosa
Paneth cells, goblet cells, and eosinophils. The numbers of
Paneth and goblet cells per 10 randomly selected villus crypt
units (VCUSs), and eosinophils per VCU were counted on each
section determined under light microscopy from at least two
sections per animal, at a magnification of x40. Villus and
crypt lengths were measured using an eyepiece micrometer.
Ten villi and crypt areas were measured for each sample, and
the mean length was determined for each.
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Mucosal mast cell identification

Immunohistochemistry was carried out using a streptavidin—
peroxidase conjugation method as described (Huang
et al. 2013). Small intestine tissue sections (4-pm) were
deparaffinized and rehydrated in distilled water. Heat-induced
antigen retrieval was carried out in a 700-W microwave oven
for 30 min. Endogenous peroxidase activity was blocked by
incubation with 0.3 % hydrogen peroxide in methanol for
10 min at 37 °C. Nonspecific binding was blocked by incuba-
tion in PBS containing 10 % normal goat serum and 1 % bovine
serum albumin (BSA) (pH 7.4) for 10 min at room temperature.
Sections were incubated with anti-tryptase mouse monoclonal
antibody (AAl-immunoglobulin [Ig] G1—1:200 dilution;
Abcom, Hong Kong, China) overnight at 4 °C. Slides were
then rinsed three times with PBS (pH 7.4) and exposed to
biotinylated goat anti-mouse IgG (5 mg/ml, 1:200 dilution;
Zhongshan, Beijing, China) for 30 min at room temperature.
The slides were washed three times in 1 % BSA-PBS and
incubated with avidin-biotin—peroxidase complex (Zhongshan,
Beijing, China) for 15 min at room temperature before
counterstaining with hematoxylin. Mast cells were identified
by their dark brown staining and counted at x40 magnification
under light microscopy. Positively stained mast cells were
counted in three to five sections per animal. Seven to ten
well-oriented VCUs were examined per section (Serna et al.
2006). The results were expressed as the mean value of mast
cells per group.

Measurement of mRNA expression by quantitative real-time
PCR

Total RNA was extracted from about 100 mg small intestine
and spleen samples of each mouse using RNA Extraction Kit
(TaKaRa), according to the manufacturer’s protocol. The qual-
ity of total RNA was analyzed by running 5 pl of each RNA
sample on a 1.0 % agarose gel and visualized with ethidium
bromide staining. The quantity of total RNA was measured
using a NanoDrop ND-1000 spectrophotometer (NanoDrop
Technologies). First-strand cDNA was constructed from
1.0 pg of total RNA with oligo(dT) as primers (Bian et al.
2005) using PrimeScript II 1st Strand ¢cDNA Synthesis Kit
(TaKaRa), following the manufacturer’s protocol. cDNA was
stored at —80 °C until use.

To determine the tumor necrosis factor (TNF)-« and inter-
leukin (IL)-4, IL-10, and IL-13 mRNA levels in the tissues of
the small intestine and spleen, we performed quantitative real-
time polymerase chain reaction (QRT-PCR) using the SYBR
Green QPCR Master Mix (TaKaRa), according to the manu-
facturer’s instructions. The primers are listed in Table 1.
Briefly, the total 10-ul reaction mixture contained 5.0 pl of
SYBR® Premix Ex Taq™ II (2x), 0.5 ul of each primer
(10 pM), 3.0 ul of dH,0, and 1.0 pul of cDNA (0.2 pg/ul).

Amplification was initially denaturized for 30 s at 95 °C,
followed by 43 cycles of 5 s at 95 °C and 20 s at 60 °C with
a LightCycler® 480 instrument (Roche Diagnostics). Specific
mRNA expression levels were normalized to the housekeep-
ing gene, 3-actin mRNA (Paim et al. 2012), and the results are
expressed as the fold change compared to uninfected controls.

Statistical analysis

Data are presented as the mean + standard error of the mean
(SEM). Differences were analyzed by using Student’s ¢ test
or Wilcoxon rank sum test. A P value <0.05 was regarded as
statistically significant. The numbers of intestinal worm, mast
cells, goblet cells, Paneth cells, and eosinophils and the
lengths of villi and crypts were evaluated during two separate
infections.

Results
Reduced T. spiralis worm burden in the dually infected mice

Evaluation of parasite load in the small intestine of 7. spiralis
singly infected and C. sinensis/T. spiralis dually infected mice
revealed a time-dependent decrease in worm number in the
small intestine in both models over the course of 7. spiralis
infection or challenge. KM mice were infected with 300 7.
spiralis larvae, and worm burdens were assessed at days 5, 10,
15, and 20 p.i. (n=4). As shown in Fig. 1, compared with T.
spiralis singly infected mice, significantly lower numbers
of worms were recovered from the small intestine of C.
sinensis/T. spiralis dually infected mice at days 5, 10, and 15
after 7. spiralis challenges (P<0.05). However, the worm
burdens of the two groups were not significantly different on
day 20 after either 7. spiralis infection or challenge (p>0.05).
Nevertheless, this result showed that mice coinfected with C.
sinensis carried fewer T. spiralis adult worms in the small
intestine.

Severe enteropathy changes in villus heights and crypt
lengths in the dually infected mice

To assess the induction of the intestinal inflammation by
helminth infection, the pathological lesions in the small intes-
tine, e.g., the villus height and crypt length (thickness of the
mucosa), were observed. The results showed that the villus
height and crypt depth were similar between uninfected mice
(Fig. 2a) and mice infected with C. sinensis alone (Fig. 2b),
which were, however, obviously different between uninfected
mice (Fig. 2a) and mice infected with 7. spiralis alone
(Fig. 2c) or dually infected with C. sinensis/T. spiralis
(Fig. 2d). The villus and crypt lengths in duodenal sections
were measured in different groups (Fig. 2e). There were no
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Table 1 Primer sequences used

in qRT-PCR for identifying Genes Primer sequence (5'—3') References
mRNA transcripts
TNF-a Forward primer CCCTCACACTCAGATCATCTTCT Zhao et al. (2011)
Reverse primer GCTACGACGTGGGCTACAG
1L-4 Forward primer ACAGGAGAAGGGACGCCAT Jash et al. (2011)
Reverse primer GAAGCCCTACAGACGAGCTCA
IL-10 Forward primer AGCCGGGAAGACAATAACTG Jones et al. (2010)
Reverse primer CATTTCCGATAAGGCTTGG
IL-13 Forward primer TCTTGCTTGCCTTGGTGGTC Jones et al. (2010)
Reverse primer GGTCTTGTGTGATGTTGCTCAGC
B-Actin Forward primer TGGAATCCTGTGGCATCCATGAAAC Jones et al. (2010)

Reverse primer

TAAAACGCAGCTCAGTAACAGTCCG

significant differences in both the villus height and crypt depth
in the small intestine between mice infected with C. sinensis at
day 30 p.i. and the uninfected controls. However, compared
with those of uninfected controls, there were significant crypt
hyperplasia and villus atrophy in mice infected with 7. spiralis
alone (10 days p.i.) (P<0.01) or in mice dually infected with
C. sinensis (30 days p.i.)/T. spiralis (10 days p.i.) (P<0.01);
furthermore, there were significantly shorter villus height
(P<0.01) and longer crypt depth (P<0.01) in dually infected
mice than those in 7. spiralis singly infected mice.

Mucosal mast cell counts

Mast cells were identified by immunohistochemical staining
for tryptase (dark brown appearance), and the number of
mucosal mast cells in the duodenum of infected animals
was determined. The results showed that few positively
stained mast cells were observed in the small intestine tissue
of the uninfected control mice (Fig. 3a) and more mast cells
were observed in the small intestine tissues of mice both

infected with C. sinensis alone at day 30 p.i. (Fig. 3b) and
dually infected with C. sinensis (at 30 days p.i.)/T. spiralis (at
day 10 post challenge) (Fig. 3d); however, even more mast
cells were observed in mice infected with 7. spiralis alone at
day 10 p.i. (Fig. 3c). As shown in Fig. 3e, there were only
few positively stained mast cells observed in the small intes-
tine tissues of naive mice, while there were significantly
higher numbers of mast cells in the small intestine tissues
of the mice either infected (P<0.01) or challenged (P<0.01)
with T. spiralis. Compared with that of C. sinensis alone, the
mice with dual infection had significantly higher numbers of
mast cells (P<0.01); however, the mice infected with 7.
spiralis alone had the highest numbers of mast cells
(P<0.01) among all the groups.

Goblet cells in the small intestines
Goblet cells reside throughout the length of the small and large

intestines, and they are responsible for the production and
maintenance of the protective mucus blanket by synthesizing

BTs
OCs/Ts

250
200 |
[}
E
2 150 |
S
100 }
§ ok
S ok
50 |
0 1 1
5 10

&
-_'_I . el
15 20

Days post infection or challenge with T. spiralis

Fig. 1 Worm burden in mice singly infected with 7. spiralis or dually
infected with C. sinensis/T. spiralis. Mice were infected orally with 300
larvae of T. spiralis alone or with 300 larvae of T. spiralis 20 days after
infection with 30 encysted metacercaria of C. sinensis. Adult T spiralis
worms were recovered from excised intestine on days 5, 10, 15, and 20
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to determine the total worm numbers per mouse. Data are expressed as
the mean worm burden + SEM. Four mice were used per group at each
time point and the results shown are representative of two independent
experiments. *P<0.05, **P<0.01, significantly different compared to
T spiralis-infected mice
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Fig. 2 Histological assessment
in duodenal segments of different
groups. Mice infected orally with
300 larvae of T. spiralis alone or
with 300 larvae of 7. spiralis

20 days after infection with 30
encysted metacercaria of C.
sinensis. Histological analyses of
the duodenum were performed at
10 days p.i. or challenge with 7.
spiralis. a Naive mice; b C.
sinensis singly infected mice;

¢ T spiralis singly infected mice;
and d C. sinensis/T. spiralis
dually infected mice. Four mice
were used for each group.
Magnification, x20; H&E stain. e
Enteropathy changes in duodenal
mucosal morphology. The crypt
depths (bottom) and villus heights
(top) of the sections of duodenal
samples were measured in 10
appropriately orientated crypt—
villus profiles per sample, using a
graticule, at 10 days p.i. or
challenge with 7. spiralis. Data

(1)

are presented as the mean villus/ 400
crypt length + SEM. **P<0.01, £
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and secreting high-molecular-weight glycoproteins known
as mucins (Specian and Oliver 1991). Using H&E staining,
goblet cells were pale in color. In uninfected mice, only a small
number of goblet cells were seen in both the crypts and villi
(Fig. 4a) and more goblet cells were observed in the villi in
mice infected with C. sinensis alone at day 30 p.i. (Fig. 4b).
However, greater increased goblet cells, which were much
larger, were observed in the crypt, villi, and villous tips in mice
infected with 7. spiralis alone at day 10 p.i. (Fig. 4c) and
markedly increased goblet cells were observed in the
crypt, along the villi, and at villous tips in mice dually infected
with C. sinensis (at 30 days p.i.)/T. spiralis (at day 10 post
challenge) (Fig. 4d). Goblet cells in duodenal sections were
counted in different groups. As shown in Fig. 4e, compared
with uninfected mice, all mice infected with C. sinensis
(at 30 days p.i.) alone, with 7. spiralis (10 days p.i.) alone, and
dually infected with C. sinensis (at 30 days p.i.)/T. spiralis

(at day 10 post challenge) possessed a significantly greater
number of intestinal goblet cells in both the crypt and villus
(P<0.01). Compared with mice infected with C. sinensis alone,
greater numbers of goblet cells in the crypt and villus were
observed in mice infected with 7. spiralis alone (P<0.01) or in
mice dually infected with C. sinensis (at 30 days p.i.)/T. spiralis
(at day 10 post challenge) (P<0.01). However, the goblet cell
numbers in both the crypt and villus rose even significantly
higher in mice infected with 7. spiralis alone at day 10 p.i.
(P<0.01).

Increased Paneth cells in the small intestine of dually
infected mice

Paneth cells in the small intestine are the main epithelial cell

type that secretes antimicrobial peptides and are involved in
the mucosal production of immunoglobulin A (Santaolalla
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Fig. 3 Intestinal mast cell response in the epithelium of the duodenum
of different groups. Mice infected orally with 300 larvae of T spiralis
alone or with 300 larvae of T. spiralis 20 days after infection with 30
encysted metacercaria of C. sinensis. Immunohistochemical staining for
mast cell tryptase in the duodenum were performed at 10 days p.i. or
challenge with 7. spiralis. Representative image showing the mast cell
in the duodenum in naive mice (a), increased mast cells in mice singly
infected with C. sinensis (at 30 days p.i.) (b) and in mice dually infected
with C. sinensis/T. spiralis (d), and markedly increased mast cells in

and Abreu 2012). Using H&E staining, Paneth cells were
identified by the presence of eosinophilic granules. In
uninfected mice, Paneth cells were seen only at the base of
crypts (Fig. Sa, b), but they were present in the basal and
upper portions of the crypt in mice infected with C. sinensis
at 30 days p.i. (Fig. 5c, d). Paneth cells were seen in the
crypt, along the villi, and at the villous tips in mice infected
with T. spiralis alone at 10 days p.i. (Fig. 5Se, f) and dually
infected with C. sinensis (30 days p.i.)/T. spiralis (10 days
post challenge) (Fig. 5g, h). Paneth cells in sections of the
duodenum of each group were counted. As shown in Fig. 5i,
compared with uninfected mice, mice singly infected with C.
sinensis (30 days p.i.), with T. spiralis (10 days p.i.), or
dually infected with C. sinensis (30 days p.i.) and T. spiralis
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mice singly infected with 7. spiralis (¢). Four mice were used for each
group at each time point. Magnification, x100. e Mean numbers of mast
cells per VCU by immunohistochemical staining for mast cell tryptase
per group. **P<0.01, significantly different from the value for
uninfected mice; *P<0.01, significantly different from the value for
C. sinensis singly infected mice; "P<0.01, significantly different from
the value for 7. spiralis singly infected mice. Four mice were used per
group at each time point and the results shown are representative of two
independent experiments

(10 days post challenge) possessed significantly greater num-
bers of intestinal Paneth cells in the crypt—villus (P<0.01).
Compared with mice infected with C. sinensis alone, greater
numbers of Paneth cells were observed in the crypt in mice
infected with 7. spiralis alone at day 10 p.i. (P<0.01), and the
numbers of Paneth cells in both the crypt and villus were even
significantly higher in dually infected mice with C. sinensis/T.
spiralis (P<0.01).

Eosinophils in the small intestines
Eosinophils are granulocytes associated with host defense

against parasitic helminths with allergic conditions and, more
recently, with immunoregulatory responses (Muniz et al. 2012).
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Fig. 4 Intestinal goblet cell response in the epithelium of the duode-
num of infected mice. Mice infected orally with 300 larvae of T. spiralis
alone or with 300 larvae of T. spiralis 20 days after infection with 30
encysted metacercaria of C. sinensis. Histological analyses of the duo-
denum were performed at 10 days p.i. or challenge with 7. spiralis.
Representative image showing the goblet cell in the duodenum in naive
mice (a), increased goblets in mice singly infected with C. sinensis (at
30 days p.i.) (b), the pronounced mucosal goblet cell hyperplasia in
mice singly infected with 7. spiralis (at 10 days p.i.) (¢), and markedly
increased goblet cells also observed in mice dually infected with C.

Using light microscopy, the eosinophils were identified in the
jejunum of mice infected with C. sinensis alone at 30 days p.i.,
with 7. spiralis alone at 10 days p.i., or dually infected with C.
sinensis (30 days p.i.)/T. spiralis (10 days post challenge).
Eosinophils comprised a significant portion of the inflammato-
ry cells infiltrating the small bowel. Eosinophils were seen more
commonly at the base of the jejunal villi and in the crypt regions
in 7. spiralis singly infected mice, whereas the cellular infiltrate
was composed predominantly of granulocytes and a smaller

sinensis (30 days p.i.)/T. spiralis (10 days post challenge) (d). Four mice
were used for each group at each time point. Magnification, x40; H&E
stain. e Numbers of goblet cells in the epithelium of the duodenum.
Goblet cell counts are expressed as the mean goblet cells = SEM per 10
VCUs. *¥*P<0.01, significantly different from the value for uninfected
mice; P<0.01, significantly different from the value for C. sinensis
singly infected mice; TP<0.01, significantly different from the value for
T. spiralis singly infected mice. Four mice were used per group at each
time point and the results shown are representative of two independent
experiments

number of eosinophils in the small intestine of C. sinensis/
T. spiralis dually infected mice. In contrast, the cellular infiltrate
was reduced in the small intestine of mice infected with C.
sinensis alone, which was composed predominantly of mono-
nuclear cells, rather than granulocytes. The number of eosino-
phils was evaluated per VCU. As shown in Fig. 6, compared
with those in uninfected mice, all mice infected with C. sinensis
(30 days p.i.) alone, with 7. spiralis (10 days p.i.) alone, or with
C. sinensis (30 days p.i.)/T. spiralis (10 days post challenge)

@ Springer



3174

Parasitol Res (2013) 112:3167-3179

Fig. 5 Paneth cell responses in
the epithelium of the duodenum
of different groups. Mice
infected orally with 300 larvae
of T. spiralis alone or with 300
larvae of 7. spiralis 20 days after
infection with 30 encysted
metacercaria of C. sinensis.
Histological analyses of the
duodenum were performed at
10 days p.i. or challenge with 7.
spiralis. Representative image
of the duodenum from naive
mice showing the crypts
containing few Paneth cells

(a, b); duodenum taken 30 days
p-i. with C. sinensis, showing
crypts containing Paneth cells
with some seen along the villi
(¢, d) (arrows); duodenum taken
10 days p.i. with T spiralis,
showing larger crypts
containing many Paneth cells
with some seen along the villi
(e, f) (arrows); and duodenum
taken 10 days post challenge
with 7. spiralis, showing larger
crypts containing a greater
number of Paneth cells and
many were also seen along the
villi and villous tips (g, h). Four
mice were used per group at
each time point. Magnification,
x100; H&E stain. i Numbers of
Paneth cells in the epithelium of
the duodenum. Paneth cell
counts are expressed as the
mean Paneth cells + SEM per 10
VCUs. *¥*P<0.01, significantly
different from the value for
uninfected mice; $P<0.01,
significantly different from the
value for C. sinensis singly
infected mice; TP<O.01,
significantly different from the

value for 7. spiralis singly 180 r
infected mice. Four mice were 1
. o 160 |
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possessed significantly greater numbers of intestinal eosino-  mice infected with C. sinensis alone, greater numbers of eosin-

phils in both the crypt and villus (P<0.01). Compared with  ophils in both the crypt and villus were observed in the C.
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Fig. 6 Intestinal eosinophil counts in the epithelium of the duodenum
of mice infected with different parasites. Mice were infected orally with
300 larvae of T spiralis alone or with 300 larvae of T spiralis 20 days
after infection with 30 encysted metacercaria of C. sinensis and were
sacrificed at 10 days after infection or challenge with 300 larvae of T.
spiralis. Eosinophil counts are expressed as the mean eosinophils +

sinensis/T. spiralis dually infected mice (P<0.01); however, the
numbers of eosinophils were even higher in mice infected with
T spiralis alone at day 10 p.i. (P<0.01).

Cytokine mRNA expression in small intestine and spleen

To determine whether prior C. sinensis infection alters T
helper cell response, some key cytokines representing the
local intestinal (small intestine) and systemic (spleen) im-
mune responses were measured using qRT-PCR. Compared
with uninfected mice, the mRNA expression levels of the
cytokines IL-4, IL-10, IL-13, and TNF-« were all signifi-
cantly increased in the duodenum and spleen of the mice
infected with C. sinensis alone at day 30 p.i., with T. spiralis
alone at day 10 p.i., or dually infected with C. sinensis
(30 days p.i.) and T. spiralis (10 days post challenge)
(P<0.01). Following C. sinensis infection, T helper 2
(Th2)-type immune responses were characterized by in-
creased mRNA levels of IL-4 and IL-13 in the duodenum
(Fig. 7a) and spleen (Fig. 7b) at day 30 p.i. The mRNA levels
of IL-4 in both the duodenum and spleen and the levels of IL-
13 and TNF-« in the spleen of mice dually infected with C.
sinensis (30 days p.i.)/T. spiralis (10 days post challenge)
were significantly higher (P<0.01) than those in the mice
infected with C. sinensis alone at day 30 p.i.; however, even
higher mRNA levels of IL-4 and TNF-x were observed in
the duodenum of mice infected with 7. spiralis alone at
day 10 p.i. (P<0.01).

Discussion

In Asia, Trichinella spp. infection has been documented in
humans in 18 countries, in domestic animals (mainly pigs) in

SEM per VCUs. **P<0.01, significantly different from the value for
uninfected mice; YP<0.01, significantly different from the value for C.
sinensis singly infected mice; "P<0.01, significantly different from the
value for T spiralis singly infected mice. Four mice were used per
group at each time point and the results shown are representative of two
independent experiments

9 countries, and in wildlife in 14 countries (Owen et al. 2005).
A conservative estimation was made that 15 million people
were infected with C. sinensis in 2004 in East Asia, especially
in China, the Republic of Korea, and Vietnam (Qian et al.
2012). Helminth infections can alter host immunity and sus-
ceptibility to other pathogens (Cox 2001). The helminth co-
infection in humans is quite common in many Asian coun-
tries, and emerging evidence suggests that infection with one
parasite can significantly influence the outcome of second
parasite infection. Infections with Trypanosoma brucei at the
time of vaccination or at the time of infection with 7. spiralis
significantly reduce the effectiveness of the Th2-mediated
responses involved in immunity against gastrointestinal (GI)
nematode infections (Onah and Wakelin 1999). In addition,
cross-protection can be induced by cross-reactive antigen
against Fasciola gigantica and T. spiralis infections (Abel
Rahman and Abdel Megeed 2005). However, the interactions
between nematode 7. spiralis and trematode C. sinensis, in-
cluding immunological responses and clinical outcomes of
the host, are poorly defined. KM mice are the most
widely used outbred colony in China, started from Swiss
mice brought to Kunming, China, from the Indian
Haffkine Institute in 1944 (Shang et al. 2009). Using this
murine model of trichinosis in the present study, we show
here that preinfection with the parasitic trematode C.
sinensis resulted in reduced 7. spiralis adult worm burden.
Our findings raise the possibility that a “preexisting” trem-
atode infection is a factor that influences disease outcome
of T spiralis infection.

In the present study, coinfected mice had significantly
reduced establishment of intestinal 7. spiralis worm burdens
by days 5, 10, and 15 as compared with mice infected with 7.
spiralis alone. However, we cannot explain the result that the
worm burdens were at similar levels between the two groups
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at day 20 p.i. Infection of mice with T. spiralis leads to a Th2-
dependent enteropathy characterized by villus atrophy, crypt
hyperplasia, and goblet cell hyperplasia (Ishikawa et al.
1997; Patel et al. 2009). Worm expulsion is CD4" T cell-
dependent and requires Th2 cytokines, in particular, IL-4 and
IL-13 (Shea-Donohue and Urban 2004). IL-4 has been shown
to be important in the development of protective responses to
GI nematode infections (Lawrence et al. 1998), and expulsion
of T. spiralis from the small intestine is delayed in IL-4-
deficient mice (Else et al. 1994). IL-13, an important mediator
during Th2 responses, stimulating B cell proliferation, anti-
body class switch (to IgE), and eosinophilia, is also required
for worm expulsion (Gessner et al. 2005; McDermott et al.
2005). In addition, IL-4R«, a receptor subunit common to IL-4
and IL-13 signal transduction, has been found to be necessary
for worm expulsion (Urban et al. 2001). Mice infected with C.
sinensis have increased the production of Th2-associated
anti-inflammatory cytokines and upregulation of chemokines
(Kim et al. 2012). Our data also showed that, compared with 7.
spiralis singly infected mice, the mRNA expression of IL-13
was significantly increased in small intestine, and the expres-
sions of IL-13 and TNF-« were significantly increased in
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spleen in dually infected mice, which suggests that C. sinensis
may have some immunomodulatory properties. However,
conflicting results demonstrated that neither IL-4/IL-4Rx sig-
naling on CD4" T cells nor IL-4/IL-13 responsiveness on
macrophages/neutrophils are required to induce Th2-type im-
mune responses to GI nematodes (Michels et al. 2009). We
propose that the reduced establishment of 7. spiralis may be
due to the nonspecific inflammatory component of the host’s
response to infection with 7. spiralis. However, there must be
other mechanisms involved in the protection against 7. spiralis
infection in the concurrent infection condition. Thus, further
cytokine characterization will be needed to understand the
complex interactions between trematode and nematodes in
the host.

T. spiralis dwells within the small intestinal epithelium and
actively invades epithelial cells (Wright 1979), leading to
major pathological changes such as villus atrophy and crypt
hyperplasia, goblet cell and Paneth cell hyperplasia, and infil-
tration by mucosal mast cells (Kamal et al. 2001).The com-
plexity of epithelia-derived molecules responsible for worm
loss include lectin intellectin-2 (Pemberton et al. 2004) and
protein RELM3/FIZZ2 from goblet cell (Abel Rahman and
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Abdel Megeed 2005). Goblet cells also produce intestinal
trefoil factor (Podolsky et al. 1993) that enhances defense in
the viscoelastic mucus layer (Kindon et al. 1995). Here, we
showed that the enteropathy, represented as significant crypt
hyperplasia and villus atrophy, were more severe in C.
sinensis/T. spiralis dually infected mice than that in 7. spiralis
singly infected KM mice. It has been reported that days 6 to 12
of T. spiralis infection shows prominent crypt hyperplasia
and villous atrophy in BALB/c, NIH, and C57BL6/129 mice
infected with 7. spiralis (Kamal et al. 2001; Furze et al. 2006;
Walsh et al. 2009), and there is also pronounced increase in the
number of Paneth and intermediate cells during this time
(Walsh et al. 2009). Our data showed that there were more
mast cells, goblet cells, and eosinophils in the epithelial mono-
layers of the small intestine in 7. spiralis singly infected mice
than that in C. sinensis/T. spiralis dually infected mice. In
contrast, there were more Paneth cells in C. sinensis/T. spiralis
dually infected mice than that in 7. spiralis singly infected
mice at day 10 post challenge. Mast cell is one of the prom-
inent effector cells involved in 7. spiralis parasite expulsion in
rats as well as in mice (Suzuki et al. 2008). It has been well
established that mucosal mast cells are involved in the host
protective response to 7. spiralis, and the expulsion of the
parasite from the gut is associated with intestinal mastocytosis
(Donaldson et al. 1996). Secretory products of goblet cells and
Paneth cells have a role in innate host defense in the intestine,
which inhibits the interaction between luminal microorgan-
isms and surface epithelial cells (Lamont 1992). In addition, 7.
spiralis infection promotes an initial increase in small intesti-
nal epithelial proliferation and an increase in numbers of
Paneth cells at the crypt base causes the proliferative zone
to move up the crypt—villus axis (Walsh et al. 2009). The
Paneth cells have been implicated in mucosal defense, which
synthesize several molecules with potent biological activities,
including TNF-o (Tan et al. 1993), epidermal growth factor
(Poulsen et al. 1986), guanylin (de Sauvage et al. 1992), and
matrilysin (Wilson et al. 1995), and increases in the numbers of
Paneth cells correlate with Th2 immune responses (Kamal et al.
2002). Our data indicate that the increased enteropathy and
increased number of Paneth cells may contribute in part to the
reduced intestinal 7. spiralis worm burden in dually infected
mice.

Eosinophils have been shown to be associated with resis-
tance to helminth parasites infecting humans and animals
(Behm and Ovington 2000; Klion and Nutman 2004). Infection
with T spiralis provides a powerful stimulus for eosinophilia
(Herndon and Kayes 1992; Lammas et al. 1992). Eosinophils
can kill nematodes in vitro, either alone or in conjunction with
other immune components such as antibody or complement
(Kazura and Aikawa 1980; Lee 1991). In this study, compared
with that of C. sinensis singly infected mice, we observed that
the numbers of eosinophils were significantly increased in both
the crypt and villus in the C. sinensis/T. spiralis dually infected

mice; however, the numbers of cosinophils in the crypt and
villus were even significantly increased in 7. spiralis singly
infected mice at day 10 p.i. Recent study suggests that eosino-
phils support parasite growth and survival by promoting the
accumulation of Th2 cells and preventing the induction of
iNOS in macrophages and neutrophils at an extraintestinal site
of T. spiralis infection, in which the eosinophil functions as a
pivotal regulator of immunity (Gebreselassie et al. 2012).
However, whether eosinophils actually contribute to host de-
fense against these parasites is still unclear.

In conclusion, the results reported here clearly showed that
intestinal 7. spiralis worm burden could be influenced by prior
infection with C. sinensis, and our data suggests that the
reduced establishment of 7. spiralis may be due to both the
enteric pathological changes and the nonspecific components
of host protective intestinal immune responses elicited by prior
infection with C. sinensis. It indicates that the phenomenon of
a “preexisting” trematode infection prior to a 7. spiralis infec-
tion may have a direct impact on the epidemiological situation
of the disease. Therefore, more studies are necessary to eluci-
date the molecular mechanism in protection against 7. spiralis
infection under C. sinensis-concurrent infections.
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