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Abstract

The metacestode stage of Echinococcus granulosus can cause cystic echinococcosis (CE),
which still widely occurs around the world. Since the early 1970s, benzimidazoles have
been shown to inhibit the growth of cysts and used to treat CE. However, benzimidazoles
are still ineffective in 20%-40% of cases. In order to explore the new agents against CE, we
have investigated the therapeutic effect of the recombinant adenoviral vector expressing
mouse IL-28B (rAd-mIL-28B) on protoscoleces-infected mice. In our study, we successfully
established the model mice which infected with protoscoleces intraperitoneally. At 18 weeks
post-infection, the mice received rAd-miL-28B (1x10” PFU) weekly by intramuscular injec-
tion for 6 weeks. Compared with the untreated control (13.1 £ 2.2 g), there was a significant
reduction in cysts wet weight in rAd-mIL-28B group (8.3 + 3.5 g) (P< 0.05), especially in
Albendazole (ABZ) + rAd-mIL-28B group (5.8 + 1.4 g) (P<0.01). We also observed the
severe damage of the germinal layer and the laminated layer of cysts after treatment. rAd-
mIL-28B group showed a prominent increase in the level of Th1 type cytokines (such as
IFN-y, IL-2 and TNF-a). Meanwhile, the frequency of Foxp3™ T cells was decreased in the
rAd-mIL-28B group (4.83 £ 0.81%) and ABZ + rAd-mIL-28B group (4.60 + 0.51%), compar-
ing with the untreated group (8.13 £ 2.60%) (P < 0.05). In addition, compared with the
untreated control (122.14 £ 81.09 pg/ml), the level of IFN-y significantly increased in perito-
neal fluid in the rAd-mIL-28B group (628.87 + 467.16 pg/ml) (P < 0.05) and ABZ + rAd-mIL-
28B group (999.76 £ 587.60 pg/ml) (P< 0.001). Taken together, it suggested that ABZ + IL-
28B may be a potential therapeutic agent against CE.
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Author summary

Echinococcosis is a chronic zoonotic parasitic disease, which is caused by the larval stage
of Echinococcus granulosus (E. granulosus) and Echinococcus multiocularis (E. multiocu-
laris). This disease is still widely prevalent in the world and seriously endangers human
health and life, causing heavy burdens and economic losses to agriculture and animal hus-
bandry. China is also one of the high incidence areas of the disease. At present, the pre-
ferred treatment is surgical excision of the parasitic mass, but patients with multiple cysts
appear in multiple organs have to receive drug therapy. The approved chemotherapeutic
drugs in clinic, such as albendazole (ABZ) and mebendazole, often do not work expect-
edly with a high rate of recurrence. Therefore, it is urgent to develop the new anti-echino-
coccal drug. IL-28B is an important member of type-III IFNs, which is equipped with the
capacity of anti-viral activity and anti-tumor. In our previous study, we found that IL-28B
could inhibit the proliferation of cervical cancer cells via down-regulating Treg cells in
mice. This study mainly studied the therapeutic effect of rAd-mIL-28B on E. granulosus-
infected mice, and the results showed that rAd-mIL-28B could relieve the parasitic burden
and inhibit Treg cells meanwhile improve the Th1 and Th17 immune responses. It may
contribute to another choice for the anti-echinococcal treatment.

Introduction

Echinococcus granulosus sensu lato metacestodes is the causative agent of cystic echinococcosis
(CE), as known as hydatid disease [1]. The life cycle of Echinococcus granulosus (E. granulosus)
involved two mammalian hosts. The eggs of E. granulosus were ingested by the intermediate
hosts (sheep and cattle), developing into a hydatid cyst, which containing protoscoleces
(PSCs). The definitive hosts (such as dogs) got infected by swallowing the tainted tissue from
intermediate host and PSCs can develop into adult tapeworms in small intestine, residing for a
long time [2]. It reported that the echinococcal cysts can survive in human body for 20-25
years, even as long as 50 years [3], which caused the long-term damage and burden in patients.

Mostly, CE is located in the liver of patients and parasitic tissues are characterized by uni-
locular and fluid-filled cysts [3]. The cyst is composed of cyst wall, cystic fluid, PSCs and brood
capsules. The cyst wall mainly consists of an outer acellular laminated layer and an inner layer
of germinal cells, and the later can produce vesicles into the cyst lumen [4].

CE also is one of the neglected parasitic diseases in the world, its effective treatment is not
yet available [2]. Since the early 1970s, benzimidazoles have been shown to inhibit cysts growth
and used to treat CE [5]. Albendazole (ABZ) and mebendazole, which belong to the category of
benzimidazoles, are the only drugs approved for use in humans [6]. But such chemotherapeutic
drugs often do not work expectedly. After decades of clinic practice, it has been found that benz-
imidazoles are ineffective in 20%-40% of cases [7]. Even it reported that only 30% of patients
were cured after the benzimidazoles treatment, which accompanied with instable efficacy and
great individual differences. Besides, a long-term treatment causes the side-effects [6], including
hepatotoxicity, alopecia, gastrointestinal disturbances and leukopenia [8]. Therefore, it is urgent
to develop a new anti-hydatid drug agent with high-efficiency and few side effects.

Immune response plays a crucial part in patients with various kinds of parasites, in general,
Th1 immune response was regarded as the protective immunity, while the growth of parasite
is corresponding to Th2 response [9]. It reported that in the mouse cysticercosis model [10],
the host shows up a protective Thl response accompanied by high level of IFN-y and eases the
burden of parasite during the early infection; whereas, the long-term infection induces Th2
response that favors parasite survival, characterized by high levels of IL-4 and IL-6. Moreover,
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in the acute phase of Schistosomiasis [11], parasite antigens contribute to Th1 response along
with increased levels of IFN-y and TNF-o, which benefits the early granulomas. In contrast, a
long-lasting Th2 response induces the anti-inflammatory and the high levels of IL-4, IL-5, and
IL-13 while IFN-y is decreased. Consistent with the above cases, after the E. granulosus infec-
tion, the cysts induce the Th1 response with the high levels of IFN-y and IL-2 in early period;
while the Th2 response accompanied with the high level of IL-10 that caused the cysts survival
after weeks [12]. One possible reason is that direct inflammatory effects are hard to eliminate
the parasite, because of the worms being large [13]. Meanwhile, the infection can balance out
the Th1-mediated pathologies and promote Th2-bias, which regulate the Th2 response via stim-
ulation of Treg cells populations [13]. The anti-hydatid immunity has been recognized step by
step, but it has not been fully elucidated because of the complexity [14]. Due to the importance
of immune response in the outcome of echinococcosis, a number of biological agents, such as
BCG, IL-12 and IFN-y, had been revealed certain efficacy against hydatid in mice [15]. But it
had not been implemented in the clinic because of the unstable efficacy and side effects.

IL-28B is a member of type-III IFNs. Type-III IFNs also named IFN-A which consists of
IFN-A1 (IL-29), IFN-A2 (IL-28A) and IFN-A3 (IL-28B) [16]. IL-28B was revealed the capacity
of anti-viral activity and anti-tumor, in accordance with type-I IFNs due to the similar signal
transduction cascade [17]. Our previous data indicated that IL-28B inhibits the growth of can-
cer via down-regulating Treg cells [18]; and rAd-mIL-28B can reduce the population of Treg
cells in tuberculosis subunit vaccine-immunized mice [19]. These findings indicated that IL-
28B equipped with immunomodulatory activity.

In this study, we illustrated the therapeutic effect and immune mechanism of the recombi-
nant adenoviral vector expressing mouse IL-28B (rAd-mIL-28B) on E. granulosus infection
model mice. After 6 weeks treatment, we detected the weight of the cysts, morphologic changes
and ultramarine structure of cysts, T-cell subsets and Th1, Th17-type cytokines to evaluate the
potential effects on CE.

2 Materials and methods
2.1 Ethics statement

The in vivo experimental were carried out according to the protocols (number. 2015-03-002)
approved by the Institutional Animal Caring and Using Committee of Lanzhou University.

2.2 Animals

In this work, those mice were used to study the anti-hydatid effect of IL-28B in vivo (Fig 1).
Thirty special pathogen-free (SPF) BALB/c mice (18-22 g, female) were purchased from
Experimental Animal Center of Lanzhou University and received intraperitoneal inoculations
with E. granulosus. Mice were maintained in the SPF Grade Trial Animal Center (Lanzhou
University, Lanzhou, China). The PSCs were originally obtained from a sheep naturally
infected with E. granulosus in Xining, Qinghai province, China. Mice received free access to
food and water throughout the study. Mice were infected by intraperitoneal injection of 3400
PSCs in 200 pL of phosphate buffered saline (PBS). All experiments were carried out according
to the protocols (number. 2015-03-002) approved by the Institutional Animal Caring and
Using Committee of Lanzhou University.

2.3 Groups and treatment

After the 18 weeks of infection, the thirty infected mice were randomly divided into five
groups, including the untreated group, the rAd-EGFP group (the recombined adenoviral
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Fig 1. Experimental procedures. Mice were infected by intraperitoneal injection of 3400 protoscoleces at week 0 and
treated by the rAd-mIL-28B or ABZ alone and ABZ + rAd-mIL-28B at week 18. The untreated mice were just given
PBS at week 18. rAd-EGFP was used as a control for rAd-mIL-28B. Six weeks after the last administration, all mice
were sacrificed to evaluate the anti-hydatid effect by the weight of the cysts, morphologic changes and ultramarine
structure of cysts, T-cell subsets and Th1, Th17-type cytokines.

https://doi.org/10.1371/journal.pntd.0009927.9001

vector encoding enhanced green fluorescent protein, as control of rAd-mIL-28B), the rAd-
mIL-28B group, the ABZ group and the ABZ + rAd-mIL-28B group. Six mice were enrolled in
each group (n = 6).

The treatment as followed: the untreated group was only given PBS daily for intervention;
the rAd-EGFP group received rAd-EGFP 100 uL (1x10® PFU/ml) weekly by intramuscular
injection; the rAd-mIL-28B group was injected rAd-mIL-28B 100 uL (1x10°® PFU/ml) intra-
muscular weekly; the ABZ group was given ABZ (100 mg/kg/day) daily by intragastric admin-
istration; and the ABZ + rAd-mIL-28B group were received ABZ (100 mg/kg/day) by
intragastric administration daily and rAd-mIL-28B 100 pL (1x10® PFU/ml) by intramuscular
injection weekly.

The general appearance of the mice was observed daily during the entire experiment,
including mental condition, food and water intake, urine and stool. Upon 6 weeks of treat-
ment, the animals were euthanized by cervical dislocation under narcosis with 0.3% pentobar-
bital sodium (10 mL/kg) by intraperitoneal injection.

2.4 The weight of the cysts was measured

The cysts were dissected out carefully and immediately weighed, the inhibition rate of cysts
were calculated based on the following formula: Inhibition rate of cysts (%) = untreated wet
weight (g)—treated wet weight (g) / untreated wet weight (g) x 100%.

2.5 Hematoxylin and eosin (H&E) staining

The cysts were fixed in 4% paraformaldehyde overnight at room temperature and used to
stained with H&E, as previous described [20]. In briefly, the fixed cysts were washed with PBS
and dehydrated with alcohol gradient (50%, 75%, 95% and 100% ethanol). After paraffin-
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embedded and cut into slices, the tissues were stained with H&E. Then, the morphological
characteristics of cysts were observed under light microscopy (Olympus, Tokyo, Japan).

2.6 Scanning electron micrograph (SEM)

Cysts from mice were fixed in 2.5% gluteraldehyde for 24 h at 4 °C and processed for SEM
[21]. Then the cysts were fixed in 2% osmic acid (OsO,) for 1.5 h at 4 °C and washed with PBS
three times, the cysts were dehydrated with alcohol gradient (50%, 70%, 80%, 90% and 100%
ethanol) for 10 min each. The cysts were placed in the refrigerated drying chamber overnight.
After freeze-drying, they were fixed on the aluminum stubs and coated with a layer of gold.
The coated samples were observed under scanning electron microscope (JSM-5600LV, Japan)
with accelerating voltage of 10kV and 20 kV.

2.7 Flow cytometry analysis

The spleen of each mouse was removed, and minced in Ficoll-Hypaque Solution, which was
performed as described previously [22]. After centrifugation for 40 min at 800xg, spleen cells
sediment were washed with 10 mL of RPMI 1640. The lymphocytes were resuspended in flow
cytometry stainning buffer and the concentration was adjusted to 5x107/mL. After twice wash-
ing, lymphocytes were processed with ice-cold Fixation/Permeabilization Diluent for 12h at
4°C. The samples were resuspended with 1xPermeabilization Buffer after centrifugating for 5
min at 400xg. Next, the cells were incubated with the APC—labeled anti-mouse Foxp3 (1uL/
1x10° cells) was performed for 30 min at 4°C, followed by washing. Finally, the cells were
resuspened with Wash buffer and analyzed by an ACEA NovoCyte flow cytometer (ACEA,
America).

2.8 Cytokine quantification by array

After anesthesia by using 0.3% pentobarbital sodium, the blood samples were obtained by eye-
ball removal. The serum was separated from blood by the centrifugation at 3000xg for 30 min
and used to test cytokines. This array is designed to detect 17 cytokines, including IL-6, IL-23,
IL-17,1L-12p70, IL-17F, IFN-y, IL-5, IL-10, IL-21, IL-4, TGF-f1, IL-2, IL-22, TNF-o, MIP-3a,
IL-28 and IL-13. The cytokines were examined using the Quantibody Mouse TH17 Array 1
Kit (RayBiotech, Inc, Guangzhou, China) according to the manufacturer’s instructions. The
data were digitized and analyzed with the microarray analysis software (GenePix, ScanArray
Express, ArrayVision, MicroVigene, etc.).

2.9 Enzyme-Linked Immunosorbent Assay (ELISA)

The peritoneal fluid was obtained as described [23]. Briefly, after anesthesia by using 0.3% pen-
tobarbital sodium, the mice were intraperitoneally injected with ImL PBS and the abdominal
was opened immediately. The lavage was collected and stored at -80°C until use. Then, the
peritoneal fluid and serum were used to test the concentration of cytokines: IL-10 and IFN-y.
ELISA was performed according to the instructions of the kits producers. An ELISA dedicated
instrument was used at 450 nm for the measurement of optical densities, all determinations
were performed in duplicate [21].

2.10 Statistical analysis

Statistical analysis was done with IBM SPSS Statistics 22. One-way analysis of variance
(ANOVA) was used. Data were shown as mean =+ standard deviation (SD) of the mean. P-
value < 0.05 was considered statistically significant.
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Fig 2. ABZ + rAd-mIL-28B have shown therapeutical effects against E. granulosus in vivo. The BALB/c mice were
infected with protoscoleces intraperitoneally. After 18 weeks of infection, the infected mice received rAd-mIL-28B
treatment for 6 weeks. The mice were euthanized and parasitic tissues were dissected out (n = 5). (A) The appearance
of hydatid cysts. (B) The wet weight of hydatid cysts. * represented P < 0.05, ** represented P < 0.01 and ***
represented P < 0.001. Graph shows the means + SD.

https://doi.org/10.1371/journal.pntd.0009927.g002

3 Results
3.1 ABZ + rAd-mIL-28B treatment reduced the parasite burden in mice

Mice were presented with quick action, glossy hair and normal stool and urine. All the animals
survived to the end of the experiment, and there was no accidental death.

At the sixth week after the last administration, the abdominal cavity was opened and the
parasitic tissue was carefully removed after euthanasia. A numerous of unilocular fluid-filled
cysts with different sizes were found in each experimental mouse. Meanwhile, the cysts in the
mice treatment with rAd-mIL-28B showed less blood vessels compared with rAd-EGFP-
treated mice. This phenomenon was even more pronounced in the ABZ + rAd-mIL-28B
group, including the less blood vessels and number of cysts (Fig 2A).

To investigate the therapeutic effect of rAd-mIL-28B, the cysts were weighted and inhibi-
tion rate of cysts was calculated. The cysts wet weight was significant difference in mice treated
with either rAd-mIL-28B (8.3 + 3.5 g) or ABZ (7.1 £ 1.7 g) (P < 0.05), compared to untreated
group (13.1 + 2.2 g) (shown in Fig 2B). Furthermore, the result showed a prominent reduction
of the cysts wet weight in ABZ + rAd-mIL-28B group (5.8 £ 1.4 g) (P < 0.01) (Table 1).

3.2 ABZ + rAd-mIL-28B treatment damaged the germinal layer (GL) and
the laminated layer (LL) of cysts

To investigate the morphologic changes, the cysts were observed by microscope after H&E
staining. The untreated cysts showed an intact germinal layer, texture clear laminated layer,

Table 1. The wet weight and inhibition rate of hydatid cysts in rAd-mIL-28B treated mice.

Group Weight (g) Inhibition rate of cysts P-value
Untreated 13.1+22 0% /
rAd-EGFP 12.6 +4.0 3.8% 0.752

rAd-mIL-28B 8.3+35 36.6% 0.007
ABZ 7.1+1.7 45.8% 0.001
ABZ + rAd-mIL-28B 58+14 55.7% 0.000

https://doi.org/10.1371/journal.pntd.0009927.t001

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009927 November 24, 2021 6/13


https://doi.org/10.1371/journal.pntd.0009927.g002
https://doi.org/10.1371/journal.pntd.0009927.t001
https://doi.org/10.1371/journal.pntd.0009927

PLOS NEGLECTED TROPICAL DISEASES Effects of Albendazole + rAd-mIL-28B on E. granulosus

Untreated rAd-EGFP rAd-mIL-28B ABZ ABZ+rAd-miL-28B
S NN

B

Fig 3. ABZ + rAd-mIL-28B induced the morphological changes of cysts in E. granulosus-infected mice. The E.
granulosus-infected mice were euthanatized after 6 weeks of treatment with rAd-mIL-28B and the cysts were removed
carefully. The morphological changes of cysts were observed under light microscopy after stained with H&E (the upper
two lines) and the ultrastructures were observed under scanning electron microscope (the bottom two lines).

https://doi.org/10.1371/journal.pntd.0009927.9003

and distinct border between the germinal layer and the outer acellular laminated layer. In the
rAd-mIL-28B group and the ABZ + rAd-mIL-28B group, the germinal layer both showed
apparent damage, including lacked the typical structure and the reduction in cell number.
Besides, there were many lymphocytes in the outer adventitia, it indicted the rAd-mIL-28B
could induce the recruitment of lymphocytes to an anti-parasite effect during the treatment
(Fig 3).

The therapeutic effect can be further confirmed on the ultrastructural level by SEM. All
cysts from untreated mice showed an intact and typical structure in ultrastructure: the cells
arranged in neat rows with regular morphology in the germinal layer, and the laminated layer
attached closely with the germinal layer, accompanying the integrity of cellular structure (Fig
3). However, the cysts isolated from rAd-mIL-28B group and the ABZ + rAd-mIL-28B group
were markedly altered: germinal layer was lost the integrity of cellular shape and detached
from the laminated layer partly. In addition, the obvious fractures were observed in rAd-mIL-
28B group. Meanwhile, ABZ + rAd-mIL-28B treatment induced the more distinct damages.

3.3 ABZ + rAd-mIL-28B treatment decreased the frequency of Foxp3™ T
cells in spleen

To study the influence of immune function of IL-28B, we examined the functional activity of
Foxp3™ T cells in spleen. The results showed that the frequency of Foxp3™ T cells was decreased
in the rAd-mIL-28B group (4.83 + 0.81%) comparing with the untreated group (8.13 + 2.60%)
(P < 0.05). Also, the ABZ + rAd-mIL-28B group (4.60 + 0.51%) decreased significantly when
compared the untreated group (P < 0.05) (Fig 4).
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Fig 4. The percentage of Foxp3™ T cells in spleen. The E. granulosus-infected mice were euthanatized after 6 weeks of
treatment with ABZ + rAd-mIL-28B. Then the lymphocytes of spleen were isolated and the Foxp3™* T cells were
detected by FCM (n>3). (A) Mice of per group were analyzed and the representative of three independent
experiments is shown. (B) Data collected from each group were expressed as means + SD. * represented P < 0.05, **
represented P < 0.01 and *** represented P < 0.001.

https://doi.org/10.1371/journal.pntd.0009927.9g004

3.4 rAd-mIL-28B treatment increased the levels of Th1, Th17-type cytokines

In the present experiment, the result clearly showed that the level of IFN-y, Th1-type cyto-
kines, was significantly increased in the rAd-mIL-28B group. And the levels of Th17-type cyto-
kine (IL-23, IL-17, IL-17F) were prominently increased (P < 0.05), comparing with untreated
group (Fig 5A). Meanwhile, the other cytokines, such as TNF-B1 and IL-1f, present more than
twofold increased expression. It also revealed that the Th2-type cytokine IL-4 was decreased in
the rAd-mIL-28B group (Fig 5B).

3.5 ABZ + rAd-mIL-28B treatment increased the level of IFN-y in
peritoneal fluid of E. granulosus-infected mice

In this test, the E. granulosus-infected mice were euthanatized after 6 weeks of treatment with
rAd-mIL-28B, and the peritoneal fluid were collected through injecting PBS in abdominal cav-
ity, then the concentration of cytokines: IFN-y and IL-10 were test by ELISA. The result indi-
cated that the concentration of IFN-y increased remarkably (P < 0.05) in rAd-mIL-28B group
compared with untreated group, especially in ABZ + rAd-mIL-28B group (P < 0.001). In con-
trast, the concentration of IL-10 decreased significantly (P < 0.05) in ABZ + rAd-mIL-28B
group. There was a decreased trend of IL-10 in rAd-mIL-28B group, but it was not statistically
significant (Fig 6).

Discussion

Cystic echinococcosis (CE) is a zoonotic helminthiasis caused by the larval stages of the E.
granulosus. So far, it still regarded as a major economic and public health concern around the
world [24]. Up to now, the first choice treatment agent is surgery, which has been associated
with the high rate of recurrence. As for benzimidazoles, there are many studies have proven
that the severe side effects and drug resistance for the patients [25]. Therefore, it is urgent to
find a new and useful agent. In this study, we demonstrated that rAd-mIL-28B can decrease
the frequency of Treg and inhibit of Th2 cell activation in E. granulosus infection model, sug-
gesting that IL-28B may be a useful therapeutic agent for CE.

Previous studies have shown that IL-28B exhibits an immunomodulatory activity. For
example, it reported that [26] IL-28B is an important regulator of the Th1/Th2 balance by
increasing Th1-type cytokines (IFN-v) and decreasing Th2-type cytokines (IL-4, IL-5 and IL-
13) during influenza vaccination. Morrow [27] found that IL-28B led to increased cellular
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weeks and the serum was separated (n>3). The serum was collected to detect cytokines with ELISA and cytokine
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Concentration of serum cytokine IL-10 of mice in each group. * represented P < 0.05, ** represented P < 0.01 and ***
represented P < 0.001. Graph shows the means + SD.
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immune responses when used as an adjuvant in DNA vaccination. Further, IL-28B reduces
Treg cell-mediated immunosuppression by the adaptive immune system [28]. Majumder [29]
proposed that IL-28B alone or in combination with IL-27 can decrease lung nodules number
and increase the activity of CD8" cells in lung cancer bearing mice. In summary, these litera-
tures suggested the IL-28B may be a regulator of the immune response. Our previous studies
have shown that IL-28B can inhibit the growth of cervical cancer in U14 tumor-bearing mice
by down-regulating Treg cells [18]. In addition, we also found that the rAd-mIL-28B down-
regulated Treg cells in tuberculosis subunit vaccine-immunized mice [19]. In this study, the E.
granulosus-infected mice were euthanatized after 6 weeks of treatment with rAd-mIL-28B, the
reduction of parasitic tissues and the damage of cysts were observed. At the same time, the
level of Th1-type cytokines (IFN-y) in serum and peritoneal fluid was significantly increased,
which accordance with the previous studies.

Treg cells are a subset of CD4" T cells [30] which play an important role in inhibiting
immune response, especially cellular immunity [31]. It worked through humoral and cellular
immunity to inhibit the immune response [32]: consumption of IL-2 stimulate the suppressive
activity of Treg cells [33]; cytotoxic T lymphocyte antigen 4 (CTLA-4) expressed in Treg cells
affected the ability of antigen-presenting cells (APC) to activate other T cells [34]; adenosine
are characterized by suppressing T cell proliferation, which generating from CD39 and CD73
on Treg cells [35]; Treg cells also can product the immune inhibitory cytokines and molecules
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Fig 6. The concentration of cytokine IFN-y and IL-10 in peritoneal fluid of E. granulosus-infected mice. At 18
weeks post-infection, the E. granulosus-infected mice were euthanatized after 6 weeks of treatment with ABZ + rAd-
mIL-28B. The mice were intraperitoneally injected with ImL PBS and the abdominal was opened immediately. The
lavage was collected and used for ELISA (n>3). (A) Concentration of cytokine IFN-y. (B) Concentration of cytokine
IL-10. * represented P < 0.05, ** represented P < 0.01 and *** represented P < 0.001. Graph shows the means + SD.

https://doi.org/10.1371/journal.pntd.0009927.9006

[32]. In addition, Treg cells suppress anti-tumor immune response, which are harmful to the
body. Studies have proven that tumor tissues were infiltrated with a large number of Treg cells
that is thought to be associated with a poor prognosis [36]. Therefore, reducing Treg cells
numbers seems more likely to be a targeted mechanism of CE. In this present study, we found
that the Treg cells number decreased significantly in the rAd-mIL-28B group and ABZ + rAd-
mIL-28B group compare to the untreated group (P < 0.05), and the severe damage of the ger-
minal layer could be seen. This may indicate that the reduced Treg cells are helpful for anti-
hydatid disease which verified the literature we talked about. Th17 cells are a CD4" T cell sub-
set and usually beneficial to host defense by secreting IL-17, IL-22, and IL-23 [37]. Recent stud-
ies have shown that the polarization of the immune response to Th1/Th17 is a key factor in
anti-hydatid immunity, whereas Treg cells are contribute to survival of echinococcosis [38].
Thus, enhancing the Th17 response is an important anti-hydatid factor. Generally, the differ-
entiation of naive CD4" T cells into Th17 cells depends on TGF-p together with IL-6 and IL-
21; whereas, the TGF-P alone drives differentiation into Treg cells [39]. Hence, the balance of
Th17 and Treg cells is necessary for immune homeostasis; in other words, the decreased fre-
quency of Treg cells accompanying with the elevated Th17 immune response. It reported that
patients with hepatic echinococcosis had an imbalance of Th17/Treg, especially in the recur-
rence of CE, which may be involved in the establishment of the disease and persist into the
advanced stages of the disease [40]. There are many literatures have shown that decreased Treg
cells are conducive to anti-tumor immune response [32]. In the present study, we noted that
the frequency of Foxp3™ T cell in spleen was decreased, meanwhile the levels of Th17-type
cytokines were increased after the rAd-mIL-28B treatment, which showed a beneficial
immune characteristic against hydatid disease.

In recent years, consensus has gradually emerged that E. granulosus cysts induce the secre-
tion of Th1-type cytokines (IFN-y and IL-2) in an early period, which can shift toward a
Th2-type profile (IL-4, IL-5 and IL-6) after few weeks in mice model [12]. Clinical studies have
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shown that when the effective anti-parasite treatment leads to the infertile of cysts, it mainly
associated with the Th1 immune response. On the contrary, a failed anti-parasite treatment
will contribute to the Th2 response, and accompanied with the high level of IL-10, which
caused the cysts survival [41,42]. In mice model, IFN-y and IL-12 enhanced Thl immune
response and decreased the cyst load index, whereas IL-4 boost Th2 immune response and
increased the cyst load index [43]. After the E. granulosus infection, the parasite led to an
increase in the number of Treg cells with the high levels of IL-10 and TGF-f [44], which dis-
rupting host immune function and causing immune escape.

In conclusion, ABZ + rAd-mIL-28B reduced the parasitical burden markedly compared to
rAd-mIL-28B alone in E. granulosus-infected mice and inhibited Treg cells meanwhile
improved the Th1 and Th17 immune responses. It suggests that ABZ + IL-28B had the potential
to be used as a treatment of CE in the future. However, the limitations of analysis are obvious in
our experiments, such as failure to detect the transformation of immune cells in thymus and
design drug toxicological evaluation. We will continue to solve these problems in future studies.

Acknowledgments

We would like to sincerely thank Genshu Bao, Jiying Tan, and Bingdong Zhu who put forward
constructive suggestions throughout the experiment.

Author Contributions

Conceptualization: Xingming Ma, Yanping Luo.

Data curation: Yan Zhang, Jianghua Wang.

Funding acquisition: Li Sheng, Yanping Luo.

Methodology: Jianghua Wang, Zhi Li, Xiaoying Xu, Chong Chen, Zongjie Hou, Qi He.
Supervision: Yanping Luo.

Writing - original draft: Yan Zhang, Qingxia Yang, Yanping Luo.

Writing - review & editing: Yan Zhang, Qingxia Yang, Yanping Luo.

References

1. CorreaF, Hidalgo C, Stoore C, Jimenez M, Hernandez M, Paredes R. Cattle co-infection of Echinococ-
cus granulosus and Fasciola hepatica results in a different systemic cytokine profile than single parasite
infection. PLoS One. 2020; 15(9):e0238909. https://doi.org/10.1371/journal.pone.0238909 PMID:
32915902

2. Loos JA, Nicolao MC, Cumino AC. Metformin promotes autophagy in Echinococcus granulosus larval
stage. Mol Biochem Parasitol. 2018; 224:61-70. https://doi.org/10.1016/j.molbiopara.2018.07.003
PMID: 30017657

3. WangH, LiJ, Zhang C, Guo B, Wei Q, Li L, et al. Echinococcus granulosus sensu stricto: silencing of
thioredoxin peroxidase impairs the differentiation of protoscoleces into metacestodes. Parasite. 2018;
25:57. https://doi.org/10.1051/parasite/2018055 PMID: 30474598

4. FanJ,WuH,LiK, LiuX, Tan Q, Cao W, et al. Transcriptomic Features of Echinococcus granulosus
Protoscolex during the Encystation Process. Korean J Parasitol. 2020; 58(3):287-99. https://doi.org/10.
3347/kjp.2020.58.3.287 PMID: 32615742

5. TeggiA, Lastilla MG, De Rosa F. Therapy of human hydatid disease with mebendazole and albenda-
zole. Antimicrobial agents and chemotherapy. 1993; 37(8):1679-84. https://doi.org/10.1128/AAC.37.8.
1679 PMID: 8215283

6. Bakhtiar NM, Akbarzadeh A, Casulli A, Mahami-Oskouei M, Ahmadpour E, Nami S, et al. Therapeutic
efficacy of nanocompounds in the treatment of cystic and alveolar echinococcoses: challenges and
future prospects. Parasitol Res. 2019; 118(9):2455-66. https://doi.org/10.1007/s00436-019-06416-5
PMID: 31402401

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009927 November 24, 2021 11/13


https://doi.org/10.1371/journal.pone.0238909
http://www.ncbi.nlm.nih.gov/pubmed/32915902
https://doi.org/10.1016/j.molbiopara.2018.07.003
http://www.ncbi.nlm.nih.gov/pubmed/30017657
https://doi.org/10.1051/parasite/2018055
http://www.ncbi.nlm.nih.gov/pubmed/30474598
https://doi.org/10.3347/kjp.2020.58.3.287
https://doi.org/10.3347/kjp.2020.58.3.287
http://www.ncbi.nlm.nih.gov/pubmed/32615742
https://doi.org/10.1128/AAC.37.8.1679
https://doi.org/10.1128/AAC.37.8.1679
http://www.ncbi.nlm.nih.gov/pubmed/8215283
https://doi.org/10.1007/s00436-019-06416-5
http://www.ncbi.nlm.nih.gov/pubmed/31402401
https://doi.org/10.1371/journal.pntd.0009927

PLOS NEGLECTED TROPICAL DISEASES Effects of Albendazole + rAd-mIL-28B on E. granulosus

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

Hemphill A, Miller J. Alveolar and cystic echinococcosis: towards novel chemotherapeutical treatment
options. Journal of helminthology. 2009; 83(2):99-111. https://doi.org/10.1017/S0022149X0928936X
PMID: 19296876

Vuitton DA. Benzimidazoles for the treatment of cystic and alveolar echinococcosis: what is the consen-
sus? Expert Rev Anti Infect Ther. 2009; 7(2):145-9. https://doi.org/10.1586/14787210.7.2.145 PMID:
19254162

Baz A, Ettlin GM, Dematteis S. Complexity and function of cytokine responses in experimental infection
by Echinococcus granulosus. Immunobiology. 2006; 211(1-2):3-9. https://doi.org/10.1016/j.imbio.
2005.09.001 PMID: 16446166

Diaz-Zaragoza M, Jimenez L, Hernandez M, Hernandez-Avila R, Navarro L, Ochoa-Sanchez A, et al.
Protein expression profile of Taenia crassiceps cysticerci related to Th1- and Th2-type responses in the
mouse cysticercosis model. Acta Trop. 2020; 212:105696. https://doi.org/10.1016/].actatropica.2020.
105696 PMID: 32956635

Zheng B, Zhang J, Chen H, Nie H, Miller H, Gong Q, et al. T Lymphocyte-Mediated Liver Immunopathol-
ogy of Schistosomiasis. Front Immunol. 2020; 11:61. https://doi.org/10.3389/fimmu.2020.00061 PMID:
32132991

Wang H, LiJ, PuH, Hasan B, Ma J, Jones MK, et al. Echinococcus granulosus infection reduces airway
inflammation of mice likely through enhancing IL-10 and down-regulation of IL-5 and IL-17A. Parasit
Vectors. 2014; 7:522. https://doi.org/10.1186/s13071-014-0522-6 PMID: 25409540

White RR, Artavanis-Tsakonas K. How helminths use excretory secretory fractions to modulate den-
dritic cells. Virulence. 2012; 3(7):668—77. https://doi.org/10.4161/viru.22832 PMID: 23221477

Wang GX, Zhou Z, Jiang DX, Han J, Wang JF, Zhao LW, et al. In vivo anthelmintic activity of five alka-
loids from Macleaya microcarpa (Maxim) Fedde against Dactylogyrus intermedius in Carassius auratus.
Vet Parasitol. 2010; 171(3—4):305-13. https://doi.org/10.1016/j.vetpar.2010.03.032 PMID: 20413222

Emery |, Liance M, Leclerc C. Secondary Echinococcus multilocularis infection in A/J mice: delayed
metacestode development is associated with Th1 cytokine production. Parasite Immunol. 1997; 19
(11):493-508. https://doi.org/10.1046/j.1365-3024.1997.d01-162.x PMID: 9427996

Shindo H, Maekawa S, Komase K, Miura M, Kadokura M, Sueki R, et al. IL-28B (IFN-lambda3) and
IFN-alpha synergistically inhibit HCV replication. J Viral Hepat. 2013; 20(4):281-9. https://doi.org/10.
1111/j.1365-2893.2012.01649.x PMID: 23490373

Donnelly RP, Kotenko SV. Interferon-lambda: a new addition to an old family. J Interferon Cytokine
Res. 2010; 30(8):555—64. https://doi.org/10.1089/jir.2010.0078 PMID: 20712453

Chen X, Zhu B, Luo Y, Zhang D, Zhang L, Zhu H, et al. Interleukin-28B Plays a Therapeutic Role on
Mouse U14 Cervical Cancer Cells by Down-Regulating CD4+CD25+FoxP3+Regulatory T Cells In Vivo.
Int J Gynecol Cancer. 2015; 25(8):1369-76. https://doi.org/10.1097/IGC.0000000000000528 PMID:
26270121

LuoY, Ma X, Liu X, Lu X, Niu H, Yu H, et al. IL-28B down-regulates regulatory T cells but does not
improve the protective immunity following tuberculosis subunit vaccine immunization. International
immunology. 2016; 28(2):77-85. https://doi.org/10.1093/intimm/dxv061 PMID: 26521300

Chen C, Gao Q, Luo Y, Zhang G, Xu X, Li Z, et al. The immunotherapy with hMASP-2 DNA nanolipo-
plexes against echinococcosis in experimentally protoscolex-infected mice. Acta Trop. 2020;
210:105579. https://doi.org/10.1016/j.actatropica.2020.105579 PMID: 32535067

LiZ, Zhang G, Luo Y, Gao Q, Wang J, Chen C, et al. In vivo effect of magnetic microspheres loaded
with E2-a in the treatment of alveolar echinococcosis. Sci Rep. 2020; 10(1):12589. https://doi.org/10.
1038/541598-020-69484-z PMID: 32724060

Luo Y, Zhang G, Liu X, Yuan M, Gao Q, Gao H, et al. Therapeutic and immunoregulatory effects of
water-soluble alkaloids E2-a from Sophora moorcroftiana seeds as a novel potential agent against echi-
nococcosis in experimentally protoscolex-infected mice. Vet Res. 2018; 49(1):100. https://doi.org/10.
1186/s13567-018-0596-9 PMID: 30286809

Bottari NB, Tonin AA, Fighera R, Flores MM, Franca RT, Camillo G, et al. Neospora caninum and Toxo-
plasma gondii: relationship between hepatic lesions, cytological and biochemical analysis of the cavitary
liquid during the acute phase of the diseases in experimental models. Experimental parasitology. 2014;
136:68-73. https://doi.org/10.1016/j.exppara.2013.11.004 PMID: 24275558

Ali R, Khan S, Khan M, Adnan M, Ali |, Khan TA, et al. A systematic review of medicinal plants used
against Echinococcus granulosus. PLoS One. 2020; 15(10):e0240456. https://doi.org/10.1371/journal.
pone.0240456 PMID: 33048959

Horton J. Albendazole for the treatment of echinococcosis. Fundamental & clinical pharmacology.
20083; 17(2):205-12. https://doi.org/10.1046/j.1472-8206.2003.00171.x PMID: 12667231

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009927 November 24, 2021 12/13


https://doi.org/10.1017/S0022149X0928936X
http://www.ncbi.nlm.nih.gov/pubmed/19296876
https://doi.org/10.1586/14787210.7.2.145
http://www.ncbi.nlm.nih.gov/pubmed/19254162
https://doi.org/10.1016/j.imbio.2005.09.001
https://doi.org/10.1016/j.imbio.2005.09.001
http://www.ncbi.nlm.nih.gov/pubmed/16446166
https://doi.org/10.1016/j.actatropica.2020.105696
https://doi.org/10.1016/j.actatropica.2020.105696
http://www.ncbi.nlm.nih.gov/pubmed/32956635
https://doi.org/10.3389/fimmu.2020.00061
http://www.ncbi.nlm.nih.gov/pubmed/32132991
https://doi.org/10.1186/s13071-014-0522-6
http://www.ncbi.nlm.nih.gov/pubmed/25409540
https://doi.org/10.4161/viru.22832
http://www.ncbi.nlm.nih.gov/pubmed/23221477
https://doi.org/10.1016/j.vetpar.2010.03.032
http://www.ncbi.nlm.nih.gov/pubmed/20413222
https://doi.org/10.1046/j.1365-3024.1997.d01-162.x
http://www.ncbi.nlm.nih.gov/pubmed/9427996
https://doi.org/10.1111/j.1365-2893.2012.01649.x
https://doi.org/10.1111/j.1365-2893.2012.01649.x
http://www.ncbi.nlm.nih.gov/pubmed/23490373
https://doi.org/10.1089/jir.2010.0078
http://www.ncbi.nlm.nih.gov/pubmed/20712453
https://doi.org/10.1097/IGC.0000000000000528
http://www.ncbi.nlm.nih.gov/pubmed/26270121
https://doi.org/10.1093/intimm/dxv061
http://www.ncbi.nlm.nih.gov/pubmed/26521300
https://doi.org/10.1016/j.actatropica.2020.105579
http://www.ncbi.nlm.nih.gov/pubmed/32535067
https://doi.org/10.1038/s41598-020-69484-z
https://doi.org/10.1038/s41598-020-69484-z
http://www.ncbi.nlm.nih.gov/pubmed/32724060
https://doi.org/10.1186/s13567-018-0596-9
https://doi.org/10.1186/s13567-018-0596-9
http://www.ncbi.nlm.nih.gov/pubmed/30286809
https://doi.org/10.1016/j.exppara.2013.11.004
http://www.ncbi.nlm.nih.gov/pubmed/24275558
https://doi.org/10.1371/journal.pone.0240456
https://doi.org/10.1371/journal.pone.0240456
http://www.ncbi.nlm.nih.gov/pubmed/33048959
https://doi.org/10.1046/j.1472-8206.2003.00171.x
http://www.ncbi.nlm.nih.gov/pubmed/12667231
https://doi.org/10.1371/journal.pntd.0009927

PLOS NEGLECTED TROPICAL DISEASES Effects of Albendazole + rAd-mIL-28B on E. granulosus

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

Egli A, Santer DM, O’Shea D, Barakat K, Syedbasha M, Vollmer M, et al. IL-28B is a key regulator of B-
and T-cell vaccine responses against influenza. PLoS Pathog. 2014; 10(12):e1004556. https://doi.org/
10.1371/journal.ppat.1004556 PMID: 25503988

Morrow MP, Pankhong P, Laddy DJ, Schoenly KA, Yan J, Cisper N, et al. Comparative ability of IL-12
and IL-28B to regulate Treg populations and enhance adaptive cellularimmunity. Blood. 2009; 113
(23):5868—77. https://doi.org/10.1182/blood-2008-11-190520 PMID: 19304955

Zhou JH, Wang YN, Chang QY, Ma P, Hu Y, Cao X. Type Ill Interferons in Viral Infection and Antiviral
Immunity. Cell Physiol Biochem. 2018; 51(1):173-85. https://doi.org/10.1159/000495172 PMID:
30439714

Majumder D, Debnath R, Maiti D. IL-27 along with IL-28B ameliorates the pulmonary redox impairment,
inflammation and immunosuppression in benzo(a)pyrene induced lung cancer bearing mice. Life Sci.
2020; 260:118384. https://doi.org/10.1016/).1fs.2020.118384 PMID: 32898529

He N, Fan W, Henriquez B, Yu RT, Atkins AR, Liddle C, et al. Metabolic control of regulatory T cell
(Treg) survival and function by Lkb1. Proc Natl Acad Sci U S A. 2017; 114(47):12542—7. https://doi.org/
10.1073/pnas.1715363114 PMID: 29109251

Wang Y, Zhou H, Shen'Y, Wang Y, Wu W, Liu H, et al. Impairment of dendritic cell function and induc-
tion of CD4(+)CD25(+)Foxp3(+) T cells by excretory-secretory products: a potential mechanism of
immune evasion adopted by Echinococcus granulosus. BMC Immunol. 2015; 16:44. https://doi.org/10.
1186/s12865-015-0110-3 PMID: 26268402

Togashi Y, Shitara K, Nishikawa H. Regulatory T cells in cancer immunosuppression—implications for
anticancer therapy. Nature reviews Clinical oncology. 2019; 16(6):356—71. https://doi.org/10.1038/
s41571-019-0175-7 PMID: 30705439

Takahashi T, Kuniyasu Y, Toda M, Sakaguchi N, ltoh M, lwata M, et al. Immunologic self-tolerance
maintained by CD25+CD4+ naturally anergic and suppressive T cells: induction of autoimmune disease
by breaking their anergic/suppressive state. International immunology. 1998; 10(12):1969-80. https://
doi.org/10.1093/intimm/10.12.1969 PMID: 9885918

Wing K, Onishi Y, Prieto-Martin P, Yamaguchi T, Miyara M, Fehervari Z, et al. CTLA-4 control over
Foxp3+ regulatory T cell function. Science (New York, NY). 2008; 322(5899):271-5. https://doi.org/10.
1126/science.1160062 PMID: 18845758

Deaglio S, Dwyer KM, Gao W, Friedman D, Usheva A, Erat A, et al. Adenosine generation catalyzed by
CD39 and CD73 expressed on regulatory T cells mediates immune suppression. J Exp Med. 2007; 204
(6):1257-65. https://doi.org/10.1084/jem.20062512 PMID: 17502665

Tanaka A, Sakaguchi S. Regulatory T cells in cancer immunotherapy. Cell Res. 2017; 27(1):109-18.
https://doi.org/10.1038/cr.2016.151 PMID: 27995907

Moaaz M, Youssry S, Elfatatry A, EIl Rahman MA. Th17/Treg cells imbalance and their related cytokines
(IL-17, IL-10 and TGF-beta) in children with autism spectrum disorder. J Neuroimmunol. 2019;
337:577071. https://doi.org/10.1016/j.jneuroim.2019.577071 PMID: 31671361

Wang J, Muller S, Lin R, Siffert M, Vuitton DA, Wen H, et al. Depletion of FoxP3(+) Tregs improves con-
trol of larval Echinococcus multilocularis infection by promoting co-stimulation and Th1/17 immunity.
Immun Inflamm Dis. 2017; 5(4):435—47. hitps://doi.org/10.1002/iid3.181 PMID: 28621034

Lee GR. The Balance of Th17 versus Treg Cells in Autoimmunity. Int J Mol Sci. 2018; 19(3). https://doi.
0rg/10.3390/ijms 19030730 PMID: 29510522

Tuxun T, Wang JH, Lin RY, Shan JY, Tai QW, Li T, et al. Th17/Treg imbalance in patients with liver cys-
tic echinococcosis. Parasite Immunol. 2012; 34(11):520-7. https://doi.org/10.1111/j.1365-3024.2012.
01383.x PMID: 22803774

Gottstein B, Soboslay P, Ortona E, Wang J, Siracusano A, Vuitton D. Immunology of Alveolar and Cys-
tic Echinococcosis (AE and CE). Advances in parasitology. 2017; 96:1-54. https://doi.org/10.1016/bs.
apar.2016.09.005 PMID: 28212788

Siracusano A, Delunardo F, Teggi A, Ortona E. Cystic echinococcosis: aspects of immune response,
immunopathogenesis and immune evasion from the human host. Endocrine, metabolic & immune dis-
orders drug targets. 2012; 12(1):16—23. https://doi.org/10.2174/187153012799279117 PMID:
22214328

Al-Qaoud KM, Abdel-Hafez SK. The induction of T helper type 1 response by cytokine gene transfection
protects mice against secondary hydatidosis. Parasitol Res. 2008; 102(6):1151-5. https://doi.org/10.
1007/s00436-008-0883-x PMID: 18247053

Kim HJ, Kang SA, Yong TS, Shin MH, Lee KJ, Park GM, et al. Therapeutic effects of Echinococcus
granulosus cystic fluid on allergic airway inflammation. Experimental parasitology. 2019; 198:63-70.
https://doi.org/10.1016/j.exppara.2019.02.003 PMID: 30763570

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009927 November 24, 2021 13/13


https://doi.org/10.1371/journal.ppat.1004556
https://doi.org/10.1371/journal.ppat.1004556
http://www.ncbi.nlm.nih.gov/pubmed/25503988
https://doi.org/10.1182/blood-2008-11-190520
http://www.ncbi.nlm.nih.gov/pubmed/19304955
https://doi.org/10.1159/000495172
http://www.ncbi.nlm.nih.gov/pubmed/30439714
https://doi.org/10.1016/j.lfs.2020.118384
http://www.ncbi.nlm.nih.gov/pubmed/32898529
https://doi.org/10.1073/pnas.1715363114
https://doi.org/10.1073/pnas.1715363114
http://www.ncbi.nlm.nih.gov/pubmed/29109251
https://doi.org/10.1186/s12865-015-0110-3
https://doi.org/10.1186/s12865-015-0110-3
http://www.ncbi.nlm.nih.gov/pubmed/26268402
https://doi.org/10.1038/s41571-019-0175-7
https://doi.org/10.1038/s41571-019-0175-7
http://www.ncbi.nlm.nih.gov/pubmed/30705439
https://doi.org/10.1093/intimm/10.12.1969
https://doi.org/10.1093/intimm/10.12.1969
http://www.ncbi.nlm.nih.gov/pubmed/9885918
https://doi.org/10.1126/science.1160062
https://doi.org/10.1126/science.1160062
http://www.ncbi.nlm.nih.gov/pubmed/18845758
https://doi.org/10.1084/jem.20062512
http://www.ncbi.nlm.nih.gov/pubmed/17502665
https://doi.org/10.1038/cr.2016.151
http://www.ncbi.nlm.nih.gov/pubmed/27995907
https://doi.org/10.1016/j.jneuroim.2019.577071
http://www.ncbi.nlm.nih.gov/pubmed/31671361
https://doi.org/10.1002/iid3.181
http://www.ncbi.nlm.nih.gov/pubmed/28621034
https://doi.org/10.3390/ijms19030730
https://doi.org/10.3390/ijms19030730
http://www.ncbi.nlm.nih.gov/pubmed/29510522
https://doi.org/10.1111/j.1365-3024.2012.01383.x
https://doi.org/10.1111/j.1365-3024.2012.01383.x
http://www.ncbi.nlm.nih.gov/pubmed/22803774
https://doi.org/10.1016/bs.apar.2016.09.005
https://doi.org/10.1016/bs.apar.2016.09.005
http://www.ncbi.nlm.nih.gov/pubmed/28212788
https://doi.org/10.2174/187153012799279117
http://www.ncbi.nlm.nih.gov/pubmed/22214328
https://doi.org/10.1007/s00436-008-0883-x
https://doi.org/10.1007/s00436-008-0883-x
http://www.ncbi.nlm.nih.gov/pubmed/18247053
https://doi.org/10.1016/j.exppara.2019.02.003
http://www.ncbi.nlm.nih.gov/pubmed/30763570
https://doi.org/10.1371/journal.pntd.0009927

