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Simple Summary: Trichinellosis is a widespread parasitic zoonosis. Despite the multiple efforts 
made, while there is no effective vaccine. However, uncomplete drug treatment schemes and the 
rise of anthelmintic resistance makes a hidden danger for the increase of parasite infection. To deal 
with worrisome development, alternative treatments based on probiotics have been explored as 
anthelmintic therapy or as a complement to traditional anthelmintic treatments. In summary, the 
results of our study demonstrate that oral with L. reuteri protection against by invasive T. spiralis 
stimulated the intestinal immune responses in mice, thereby reducing worm burden and reducing 
inflammatory factors mRNA expression level following infection with T. spiralis, which may be 
attributable to Nrf2 signal pathway mediated antioxidant enzyme expression. These findings 
provide evidence for the efficacy of a novel potential strategy for trichinellosis. 

Abstract: Trichinellosis is a major worldwide health concern caused by T. spiralis infection without 
highly efficient and safe therapeutic method so far. To solve the problem of uncomplete drug 
treatment schemes and the rise of anthelmintic resistance, a potential protective effect of probiotic 
strains against zoonotic T. spiralis infection was investigated in the framework of a new therapeutic 
strategy aimed at using probiotics to control parasitic zoonoses. The study was focused on L. reuteri 
protected against T. spiralis infection in intestinal phase throughout the detection of adult worm 
number, inflammatory factors mRNA expression, antioxidant enzyme expression and Nrf2 signal 
pathway protein expression. Mice were divided randomly into 3 groups: 1) Control group: no 
treatment; 2) Ts group: T. spiralis infection; 3 ） LAB group: T. spiralis infected after orally 
administered L. reuteri for 7 days. Probiotics bacteria were administered daily in a dose of 109 
CFU/mL, and mice were infected with 400 T. spiralis larvae in the experimental groups. The number 
of adult worms was also significantly increased after administration of probiotics. Meanwhile, L. 
reuteri alleviate the inflammatory response caused by T. spiralis infection in intestinal has been 
confirmed. In addition, the promotion of antioxidant enzyme expression can be inferred that L. 
reuteri regulate Nrf2 signal pathways against T. spiralis infection. Our study demonstrates that L. 
reuteri provide protection against T. spiralis infection in intestinal. Therapeutic approaches with 
probiotic strains admission could help to reduce the risks of trichinellosis or complement classical 
anti-parasite treatments. 
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1. Introduction 

Trichinellosis is a widespread food-borne parasitic zoonosis resulted from Trichinella spiralis (T. 
spiralis) infection, which the pathological mechanism is associated with initial inflammatory response 
during the intestinal phase [1] Numerous studies demonstrate that T. spiralis is an intestinal nematode 
that can modulate the host immune system [2]. The efficacy of classic therapy with antiparasitic drugs 
limited due to weak activity against T. spiralis larvae and the emergence of antiparasitic resistance 
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[3,4]. The development of alternative therapeutic approaches is essential, therefore, the utilisation of 
the beneficial-probiotic bacteria has been proposed [5]. 

Positive effects of probiotic bacteria reducing the parasite burden and pathological changes in 
experimental trichinellosis were described previously [6–10]. Probiotic bacteria can provide an 
indirect protection to the host, probably by modulation the effect on newborn and muscle T. spiralis 
larvae [11]. The main mechanisms of probiotic actions include enhancement of the gut epithelial 
barrier, increase of adhesion to the intestinal mucosa and simultaneous inhibition of pathogen 
adhesion, competitive elimination of pathogens, production of anti-microbial molecules, and 
modulation of the immune system. 

It is noteworthy that increasing evidence has revealed that intestinal helminth infections are 
closely correlated with the gastrointestinal microbiota [12–15]. Lactobacillus (LAB), a large group of 
autochthonous intestinal microbiota in humans and animals, are especially distinguished for their 
probiotic properties [16]. Probiotics contribute to regulate Nrf2 signal pathway by balancing 
intestinal immunological barrier，relieveing inflammatory response [17]. 

T. spiralis infection is determined not only by the dose of infective larvae, but also by the immune 
status and inflammatory responses of the host to the parasite antigens [18].The host elicits an immune 
response to the parasite invasion by activation of immune mechanisms at the intestinal level, the site 
where the interaction between the parasite and gut microflora modify each other and the host 
immune system. This study aimed to explore the change in intestinal flora in the intestinal during T. 
spiralis infection, as well as the potential effects of probiotic on parasite survival or its underlying 
pathogenesis. 

2. Materials and Methods 

2.1. Animals and Ethics Statement 

Specific pathogen free (SPF) KM mice aged 6-8 weeks were purchased from the Harbin Medical 
University (Harbin, China), which were housed in cages with a 12 h light and 12 h dark cycle with 
free access to a standard diet. All animal care procedures were in accordance with the Animal 
Management Committee of Northeast Agricultural University (SYXK [Hei] 2016-007). Moreover, 
animal suffering was minimized during the experimental procedure. 

2.2. Parasite and Probiotic Strain 

T. spiralis (ISS533 strain) was stored in our lab and maintained in KM mice. In addition, the 
muscle larvae (ML) were released through pepsin-acid digestion as previously described [19], and 
kept in saline solution until inoculation of experimental mice. 

Probiotic strains were separated, screened, identified, characterized and evaluated according to 
the previous studied [5]. Lactobacillus reuteri (L. reuteri)50319 possessed extraordinary probiotic 
properties in vivo was prepared for experiment. 

2.3. Experimental Design 

Mice were divided randomly into 4 groups: Control group -no treatment; Ts (n = 15)-T. spiralis 
infection without the administration of bacterial strains; LAB (n = 15)- L. reuteri +T. spiralis. Probiotic 
strains were administered per os daily at a dose of 109 CFU/mL in a total volume of 200 μL. Mice were 
infected per os with 400 T. spiralis larvae/mouse. 

Five mice from each experimental group were euthanized on day 1, 4, 7 after infection, so as to 
collect the intestinal samples. During sampling procedure (Figure 1), make sure that samples shall 
not be contaminated. Additionally, Control group was euthanized on day 1, which the samples 
collected as the uninfected controls. All samples were preserved at -80 C for later use. 
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Figure 1. Schematic outline of the experimental design. 

2.4. Intestinal Worm Burdens 

The intestinal phase of infection was investigated on day 4, and 7. The small intestine was cut 
into pieces and incubated in 37 °C NaCl (0.9 % saline) overnight. The worms in the sediment were 
counted after incubation. 

2.5. Oxidative Stress Assay 

To investigate the oxidative stress of intestinal tissues, the levels of serum superoxide dismutase 
(SOD) and malondial dehyde (MDA) in the homogenates of intestinal tissues were measured by 
commercially kits on day 1, 4, and 7, according to the manufacturer's instruction. The level of SOD 
was measured as an indicator of cellular defense against reactive oxygen species. Also, the level of 
MDA was measured as an index of lipid peroxides. 

2.6. Measurement of Inflammatory Cytokines 

Total RNA from each tissue sample was extracted as described [20]. The RNA quantity and 
purity were assessed. Extracted RNA was diluted to the same concentration and the synthesis of 
cDNA was performed as the manufacturer’s instructions. The cDNA samples were diluted used for 
qRT-PCR amplification. Each sample was analyzed in triplicate. For the relative quantification of the 
gene expression levels, the logarithmic-scaled threshold cycle(Ct) values were used in the 2−∆∆Ct 
method before calculating the mean and standard error of the mean (SEM) for the references and 
individual targets. 

The encoded gene expression levels of inflammatory response, including interleukin 4 (IL-4), 
interleukin 10 (IL-10), interleukin 17 (IL-17), and interferon-γ (IFN-γ) expression in the intestinal 
samples were investigated on day 1, 4, and 7. All oligonucleotide sequences of the forward and 
reverse primers used in this experiment are obtained as described [21]. 

2.7. Western Blot Analysis 

Proteins were extracted from the intestinal tissues using protein extraction reagent on day 
7.Protein concentration was determined by BCA protein assay kit. Proteins were separated by SDS 
PAGE and blotted onto PVDF membranes .After blockade for 2h at room temperature, the 
membranes were probed with primary antibodies (Nrf2, HO-1, and β-actin) at 4°C overnight. 
Followed by incubation with secondary antibody（peroxidase conjugated goat anti-rabbit IgG）with 
incubation for 2h at room temperature， proteins were visualized with ECL-chemiluminescent kit. 

2.8. Statistical Analysis 

Statistical differences were assessed using one-way ANOVA, followed by post hoc Tukey’s test 
(a value of P<0.05 was considered significant), which allowed comparison between each two groups 
at each time point. 
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3. Results 

3.1. Adult Worm Reduction 

As shown in Table 1, a significant reduction of adult worm in the intestine occurred in LAB 
group (18.24%) and treated with L. reuteri 50319 on day 4. The highest numbers of adult worm were 
detected in Ts group on days 7. The probiotic treatment resulted in a significant adult worm count 
reduction in LAB group (44.49%). Experiment results confirmed that L. reuteri promote AD excretion 
and reduce colonization to against T. spirali infection. 

Table 1. Parasite burden in mice treated with probiotic bacteria and infected with T. spiralis. 

 Day 4 Day 7 
 mean±SD reduction mean±SD reduction 

Ts 296±31 —— 227±15 —— 
LAB 242±26 18.24% 126±23* 44.49% 

*P<0.05 means statistically significant differences from T. spiralis infected group. 

3.2. Oxidative Stress Marker Levels 

As shown in Figure 2, after T. spiralis infection day 1, the level of MDA in Ts group was 
significantly increased than that of the Control group (P<0.01), as well as day 4 and day 7. While, the 
level of MDA in LAB group was significantly increased than that of the Control group (P<0.01) on 
day 1 and day 4 (P<0.05). 
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Figure 2. Oxidative stress markers detection results. *P<0.05 and **P<0.01 mean statistically significant 
differences from the Control group. 

The level of SOD in Ts group and LAB group were significantly increased than that of the 
Control group (P<0.01), as well as day 4. While, on day 7 the level of MDA in Ts group and LAB 
group were significantly increased than that of the Control group (P<0.05). 

3.3. Inflammatory Response 

Statistical significances were found between Control group and experimental groups (Ts group 
and LAB group) throughout the entire process, as shown in Figure 3. After infection with T. spiralis, 
the IL-4 expression levels in Control group had statistically significant values for Ts group and LAB 
group, and LAB group were higher than Ts group. In the same instant, significantly increasing was 
obverved in the IL-10 expression levels between Ts group and LAB group，compared with Control 
group. IL-17 expression results showed a similar tendency at experimental period. On the contrary, 
compared with Control group, IFN-γ expression significantly increased in Ts group and LAB group. 
The LAB group gradually recovered to the IFN-γ expression level without no treatment, while Ts 
group higher than in LAB group consistently .The experiment results confirmed that L. reuteri could 
inhibit the inflammatory reaction caused by invading intestinal in mice. 
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Figure 3. Inflammatory factor expression results. *P<0.05 and **P<0.01 mean statistically significant 
differences from the Control group. 

3.4. Nrf2 and HO-1 Expression 

The expression of Nrf2 and HO-1 in intestinal tissues was detected by western blot analysis, as 
shown in Figure 4. Compared with the control group, the mice Nrf2 and HO-1 expression level in Ts 
group and LAB group increases in intestinal tissue. 

 

 

 

Figure 4. Nrf2 and HO-1 protein expression results. *P<0.05 means statistically significant differences 
from the Control group. 
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4. Discussion 

T. spiralis is a kind of the typical tissue-dwelling pathogen, which develops in a life cycle 
including muscle larva (ML), adult worm (Ad) and the newborn larva (NBL) [22]. NBL can be 
released into the mucosa at day 4 after infection [23,24], which represents the intestine phase of T. 
spiralis infection [25]. Significantly, T. spiralis is a kind of intestinal parasite that modulate the host 
immune system strongly.The crucial drugs currently used to control helminth infections including 
benzimidazoles, imidazothiazoles and macrocyclic lactones families, however, evidences have 
revealed increasing anthelmintic resistance in animals which a potential health problem. To deal with 
limitation of anthelmintic drugs, alternative treatments based on probiotics have been developed. 
Probiotics consumed in adequate amounts, confer benefit to the host [26]. It has been proven that 
probiotic microbes have the ability to exert an immunomodulatory effect in vivo [27]. As is known to 
all, the oral administration of probiotics contributes to controlling T. spiralis infections since it has 
been demonstrated that probiotic could stimulate intestinal immune response, among other effects 
on the host immune system. The present paper aimed to explore the protection of probiotics in 
intestinal phase during T. spiralis infection, as well as its potential effects on parasite survival or its 
underlying pathogenesis. To investigate the protection of probiotics against T. spiralis infection on 
intestinal, mice were infected with T. spiralis infectious larvae or probiotic by oral gavage. Previous 
studies demonstrate that T. spiralis produce diverse immunomodulatory effects at different stages. 
Therefore, samples were also collected at different time points of infection, so as to examine the effects 
of intestinal stages of T. spiralis infection. 

As previously describe, probiotic reduced the parasite burden in experimental trichinellosis.It 
has been reported that the reduced parasite burden is associated with decreased fecundity induced 
by probiotic strains. In present paper, L. reuteri reduced adult worms after T. spiralis infection, in 
agreement with prior observation that LAB administered to induce resistance against T. spiralis 
infection in mice [28]. 

Host immune dependent damage to helminth parasites is mediated by the generation of oxygen-
derived free radicals via nonspecific defense reaction [29]. Therefore, administered L. reuteri after T. 
spiralis induction, significant increases in the levels of the antioxidant enzyme SOD starting from day 
1, lasting through day 7 were observed. However, significant decreases in the level of antioxidant 
enzyme MDA. This may be caused by LAB-mediated antioxidant protective effects. The antioxidant 
enzyme levels in our experimental model are consistent with the results of previous study [30]. 

In general terms, the immune response in helminth infections is a type 2 immune response which 
is characterized by the production of interleukin including IL-4, IL-5, IL-9, IL-10, and IL-13 et al [31]. 
Previous study has been reported that IFN-γ activated macrophages which rapidly processed T. 
spiralis antigens improving the acquired immune response against the parasite. These macrophages 
also produced nitric oxide (NO) and probably promoted inflammatory response in the intestine [32]. 
IL-17 cytokine plays an important role in the pathogenesis of various autoimmune inflammatory 
diseases [33]. Inflammatory response is a protective mechanism to protect against injury, infection, 
trauma, and noxious stimuli [34]. The purpose of this process is to eliminate injurious agents or 
intruder [35]. Mounting evidence suggests that LAB ameliorates inflammation during intestinal 
injury [36,37]. Therefore, our observation in agreement with the previous literature that LAB alleviate 
the inflammatory response caused by T. spiralis infection in intestinal. 

Nrf2 is essential for the regulation of detoxifying and antioxidant genes [38]. It can activate the 
Nrf2 signaling pathway to regulate the expression of antioxidant enzymes, alleviate oxidative stress, 
and alleviate inflammatory reactions. To investigate the anti-oxidative effects of L. reuteri , Nrf2 
signaling pathway was measured. In this study, our results showed that L. reuteri dependently up 
regulated the expression of Nrf2 and HO-1. These results suggested that L. reuteri inhibited T. spiralis 
induced oxidative stress by activating Nrf2 signaling pathway. 

The use of probiotics as a treatment for helminth infection is an incipient research line with 
promising perspectives. Nonetheless, several limitations should be noted in our study. The sample 
size is small relatively, which may affect the statistical power. A larger sample size should be 
expanded in prospective studies. 
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5. Conclusions 

Therapeutic approaches with probiotic strains benefit to reduce the risks of trichinellosis or 
complement classical anti-parasite treatments. Present study demonstrates that probiotic bacteria can 
provide strain-specific protection against T. spiralis infection throughout reduced parasite burder, 
regulated intestinal flora and alleviated inflammatory response. Several additional mechanisms 
involved in the anti-parasite defense should be further studied and elucidated to justify the 
therapeutic use of probiotics. We look forward to more findings as a wide range of possibilities to be 
explored that may deliver groundbreaking treatment strategies for helminth diseases. In addition, to 
the best of our knowledge, this is the first experimental report on the antiparasitic effects of L. reuteri 
used as a novel treatment option against nematode T. spiralis infection. 
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