
Introduction 

Trichinellosis, an important parasitic zoonosis
with worldwide distribution [1] results from
infection by a parasitic nematode species of genus
Trichinella [2]. It is among the top 10 international
rankings of foodborne parasitic infections, which
causes economic losses and poses an important
public health hazard [3].

Human trichinellosis has been reported in 55
countries and currently affects an estimated 10,000
cases per year with a 0.2% death rate [4,5].
Infection is usually acquired by the consumption of

raw or undercooked pork meat or products [1]. The
currently used treatment for trichinellosis includes
benzimidazole anthelmintic (mebendazole or
albendazole) combined with steroids [6]. This
classical treatment is problematic and far from ideal
mainly due to the increasing spread of anthelmintic
resistance and the poor susceptibility of migrating
and encapsulated muscle larvae to anthelmintic
drugs [7]. Moreover, serious coagulopathy disorders
as fatal hemorrhages may be provoked due to
combinations of anthelminthic with steroids [8].
Therefore, there is a growing interest in developing
new effective methods for controlling this disease
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with lower side effects risk such as the use of the
immune-stimulating probiotics [9].

Probiotics are defined as live microbial food
supplement microorganisms that confer health
benefits when administered in adequate amounts
[10]. They have emerged as an alternative therapy
both for the prevention and treatment of a wide
range of infectious and non-infectious diseases [11].
Modulation of the intestinal environment,
enhancement of the mucosal barrier and secretion of
active postbiotics, are among the proposed modes of
action of probiotics [12].

The immunomodulatory effect of probiotics is
attributed to the release of cytokines including
interleukins (ILs) and has been characterized by
triggered cell production [13]. In recent years,
several therapeutic and/or prophylactic efficacy of
probiotics have been evaluated as single agents or
combination therapies in various infections and
diseases; many of them have exerted beneficial
properties against different intestinal protozoan
such as cryptosporidiosis, giardiosis, coccidiosis.
However, the effects of probiotics on helminth
infections remain largely unexplored [14]. The few
available results relating to their effects on helminth
infections are conflicting. For instances, they
showed definitive efficacy in reducing the worm
burden in mice infected with Trichinella spiralis (T.
spiralis) [15,16], Toxocara canis [17,18], Schis to -
soma mansoni [19,20], and Strongyloides spp. [21].
In contrast, few studies reported probiotics failure in
reducing parasite load in rats [22] and mice [23]
infected with T. spiralis. Furthermore, Dea-Ayuela et
al. [24] reported that oral supplementation of
Lactobacillus casei increased mice susceptibility
to Trichuris muris.

Taken together, the above-mentioned data; urge
the need to find out appropriate microbial strains
with defined characteristics to be incorporated into
human health, effective in preventing and treating
helminths and also to shed light on the underlying
mode of action through which probiotics act. Thus,
we aimed in this study to test if the repeated orally
administered freeze-dried powder containing Lacto -
bacillus acidophilus (L. acidophilus), can induce
preventive effects against the experimental
T. spiralis infection in mice. Lactobacillus acido -
phi lus effectiveness was measured through testing
reduction rate of both intestinal adults’ burden and
larval burden in muscle. As well as to assess the
levels of serum cytokines (interleukin-1, IL-6, IL-
10, and TNF-α) against the nematode parasite of

treated animals as compared with controls. 

Materials and Methods

Experimental animals

The experiment was conducted on thirty-six
male parasitic free BALB/c mice (6–8 weeks). They
weighed 25–30 g and were obtained from the
Faculty of Medicine, Assiut University, Assiut,
Egypt. Animals were treated according to the
national animal ethics guidelines. 

Parasite

T. spiralis was originally isolated from the
diaphragms of infected pigs from El-Bassatine
Abattoir, Cairo. It was routinely maintained in the
laboratory of Faculty of Medicine, Assiut
University, through the consecutive passage in
BALB/c mice according to Gamble [25]. Briefly,
heavily infected diaphragms were minced, digested
in 1% pepsin-hydrochloride and incubated overnight
at 37°C. Larvae were collected by sedimentation
method, washed several times in physiological saline
(0.85%), and the number of larvae per mL was
counted. Infected mice were inoculated orally by 500
larvae [25].

Probiotic strain and dose  

L. acidophilus is a commercially available
freeze-dried powder containing the probiotic strain
(Custom Probiotics Inc., California, 91214). The
prepared vehicle powder containing (besides the
bacteria) skim milk, sodium glutamate, protease,
ascorbic acid, and cornstarch (for the control group,
cornstarch powder was given). The powder was
dissolved in sterile distilled water, and the viability
of the lactobacilli was determined by aerobic
culturing of rehydrated powder. The viability of the
rehydrated bacteria was over 90%. The suspension
concentration was 1.9x109 Ufc/ml.   

Experimental design 

Mice were divided into 3 groups (12 mice each):
mice of Group 1 (G Ι) and Group 2 (G ΙΙ) received
1 ml of a cornstarch powder suspended into sterile
distilled water for seven days. Group 3 (G ΙΙΙ) mice
were prophylactic by an oral dose of Lactobacillus
for seven consecutive days, before infection with
Trichinella larvae. Each dosage was prepared and
adjusted to contain 109 viable bacteria in 1ml
distilled water and was given via oro-gastric
gavages [26].
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On day 8, mice of both G ΙΙ and G ΙΙΙ were orally
inoculated with 500 larvae of T. spiralis. While
those of G Ι were kept as a non-infected non-
prophylacted control group. Five days post-
infection (dpi), six mice of each group were
sacrificed and the numbers of adult worms in the
intestine were isolated and counted [27]. On the 21st

dpi, the remaining six mice of each group were
sacrificed for determination of the total number of
muscle larvae [28]. The obtained number was
divided by the number of grams of muscle mass to
obtain the number of larvae per gram. The reduction
rate in larval burden was calculated as follows:
larval burden reduction rate (%) = (A-B/A×100),
where A=no. of worms or lar vae extracted from
positive control animals and B=no. of worms or
larvae extracted from treated animals [29]. Sera
from all scarified mice were collected and frozen at
-80ºC until use.

Cytokine analysis

At the 5th and 21st dpi, the collected sera from all
mice groups were tested for IL-1, IL-6, IL-10 and
TNF-α concentrations using commercial enzyme-
linked immunosorbent (ELISA) kits (BD
Pharmingen, USA) according to manufacturer’s
instructions. All samples were done in triplicate and

diluted to 1:2. Tetramethylbenzidine (TMB) was the
substrate used and 2 M H2SO4 was added to
terminate the reaction. The absorbance was read at
450 nm in a microplate reader (BIO-RAD, USA).
Cytokines concentrations were measured using
standard curves done with known concentrations of
cytokines (BD Pharmingen, USA). Results were
reported in picograms per milliliter (pg/ml).

Ethics considerations

Animal experiments were done in the Animal
House, Faculty of Medicine, Assiut University. The
research work was approved by the Animal House
ethical committee, Faculty of Medicine, Assiut
University (Approval No. 17300368). Animal
handling protocols used meet the standard
international guidelines by the National Institutes of
Health guide for the care and use of laboratory
animals and guidelines used in other Egyptian
universities and research centers.

Statistical analysis

Data were reported and expressed as the means ±
standard deviation (SD). Student’s t-test, using
SPSS 13.0 software, was used to provide statistical
analysis. P-value≤0.05 was considered to be
statistically significant.
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Table 1. Adult worms count in the mice small intestine of different groups

1*P-value is significant (P-value≤0.05); **P-value is highly significant (P-value≤0.001); Group I: –ve control group;
Group II: +ve control group; Group III: tested group

Groups No. Mean adult count SD Reduction rate P-value         

Group Ι 6 0.00 0.00 0   

Group ΙΙ 6 330 12.28 0   

Group ΙΙΙ 6 125 4.02 62.1% 0.00050**1

Table 2. Muscle larval burden in different groups

2*P-value is significant (P-value≤0.05); **P-value is highly significant (P-value≤0.001); Group I: –ve control group;
Group II: +ve control group; Group III: tested group

Groups No. 
Mean larvae

count/g muscle 
SD Reduction rate P-value  

Group Ι 6 0.00 0.00 0   

Group ΙΙ 6 800 7.07 0   

Group ΙΙΙ 6 212 2.82 73.5% 0.00040**2



Results 

Lactobacillus acidophilus effects on adult worms

in the mice small intestine

On the 5th dpi, 6 mice from each group were
sacrificed and adult worms were counted. Significant
reduction of adult count (62.1%) was observed in the
Lactobacillus acidophilus prophylacted group (G ΙΙΙ)
(125 adults) compared to non- prophylacted animals
(G ΙΙ) (330 adults).

Lactobacillus acidophilus effects on muscle larval

burden (Table 2)

Significant reduction of larval counts (73.5%)
was observed in the Lactobacillus acidophilus
prophylacted group (G ΙΙΙ) (212 larvae/gm. of
muscle) compared to non-prophylacted animals (G
ΙΙ) (800 larvae/g of muscle).

Inflammatory cytokines profile in different

groups (Table 3)

Collected sera from the sacrificed mice of all
groups at the 5th and 21st dpi were assayed for; IL-
1, IL-6, IL-10, and TNF-α. The results showed
significance up-regulation for all targeted cytokines
in both infected groups (G ΙΙ and ΙΙΙ) compared to
the control one (G Ι) at both time phases (5th and
21st days). The expression of IL-1 was up-regulated
on the 21st dpi in (G ΙΙΙ) compared to (G ΙΙ). IL-6
concentration was significantly increased in both
5th and 21st dpi in (G ΙΙΙ) compared to (G ΙΙ). The
down-regulation of IL-10 and TNF-α was observed
on 5th dpi only in Group ΙΙΙ compared to ΙΙ.

Discussion

Trichinellosis is an important diverse parasitic
zoonotic disease. The conventional therapies for
trichinellosis are awkward. Therefore, an unusual
approach is needed [1–4].

The duration of the experimental study was 29
days, which is considered by many authors ideal to
evaluate the course Lactobacillus acidophilus
prophylaxis on both adult and larvae in mice
challenged with Trichinella spiralis infection
[16,29]. 

Lactobacillus acidophilus LB was supplied as
prophylaxis for seven days preceding Trichinella
spiralis infection [16]. Although Lactobacillus
acidophilus failed to achieve complete eradication
of Trichinella spiralis adults and larvae, they
succeeded to reduce both counts by 62.1% and
73.5% respectively, compared to the non-
prophylactic group in the experimental animal
models. Various cytokine profiles were tracked in
trail to declare the possible effect and the protective
mechanism that Lactobacillus acidophilus acted on
the parasite adults and larvae. Results revealed that
IL-1 and IL-6 were up-regulated compared to IL-10
and TNF-α that were down-regulated in the tested
group compared to both positive and negative
control groups. Although the study results agrees
with El Temsahy et al. [30], but it differ in
experiment depended on the comparison of 3 newly
laboratory isolated forms of probiotics regardless of
coast and availableness of such strains, as well as
testing single different cytokine (IFN-γ). 

Although the benefits of Lactobacillus

198 H.M.M. FARRAG et al.

Table 3. Inflammatory cytokines profile in different groups in relation to dpi

Values within the column of each cytokines  conc. differ significantly (P-value< .05) when they are not sharing any
common superscript letter. Group I: –ve control group; Group II: +ve control group; Group III: tested group

Groups No. dpi 
IL-1

Pg/ml 
IL-6 

Pg/ml 
IL-10 
Pg/ml

TNF-α
Pg/ml  

Group Ι 6 5th 38±2.001 27±0.87 19±0.64 42±1.09   

6 21st 40±1.008 26±0.87 19.7±0.65 40±2.00  

Group ΙΙ 6 5th 95±10.70a 115±3.72b 205±4.23c 360±3.46d

6 21st 98±3.20a 120±2.87b 232±4.43c 410±9.00d

Group ΙΙΙ 6 5th 90±0.76a 380±7.56 115±2.3 201±3.98  

6 21st 450±64.65 570±87.58 211±12.5c 320±7.48d



acidophilus LB supplementation in the reduction of
infection burden have been established, mechanisms
by which Lactobacillus acidophilus LB beneficially
affects both adult and larvae load in the current study
remain unknown. However, several mechanisms of
action could explain the detected action of
Lactobacillus acidophilus on Trichinella spiralis
adults; including the production of antimicrobial
materials, modulation of the mucosal immune
system, alteration of the intestinal microflora, and
enrichment of enzymatic activity [31]; however,
these theories could not completely explain the
detected effects on larvae as well as the altered
cytokines profile. Another proposed mechanism may
involve the secretion of antimicrobial substances, like
bacteriocins, and organic acids such as lactic, acetic,
and butyric acid, known products by Lactobacillus
species that may have a larvicidal effect on parasites
[32]. These products or metabolites secreted by living
bacteria or released after bacterial lysis were stated to
be postbiotics. Postbiotics have become a well-
documented strategy for maintaining gut health with
physiological benefits to the host. [33,34]. Recently,
Lebeer and co-authors proved that postbiotics have
the potential to exert protective property in the same
way as their parent probiotics [35].

As regards the effect of probiotic administration
on the worm burden, it is difficult to compare the
current results with the previous works, due to the
differences in study design, animal model, probiotic
dose and strain, and administration route.
Lactobacillus strains were the most widely used;
anthelmintic efficacy ranges from 75% to 100%
protection. This suggested that these Lactobacillus
strains may be safe to be used as prophylactic or
curative probiotics against T. spiralis [35]. 

The altered cytokines profile might be attributed
to the ability of the tested bacteria to produce
immunostimulation and immunomodulation of
either innate or adaptive immune system
components [36] which meets with several previous
research works explanations for how probiotics
exert their action against parasites.

According to D’Souza et al. [37], the non-
pathogenic probiotic bacteria interact with the gut
epithelial cells and immune cells to start the
immune signals, in the form of modulating
immunoglobulin production, increasing the number
of IgA producing cells on the level of mucosal
immunity and increasing in certain cytokines
profiles including (TNF-α, IFN-γ, IL-10, IL-12) to
up or downregulate the immune responses and

maintain the intestinal homeostasis.
The detected increase in the pro-inflammatory

IL-1 on the 21st dpi during T. spiralis infection in
the prophylactically treated group, compared to
infected untreated one, may be responsible for the
initiation of the intestinal inflammatory response to
this infection [38]. IL-1 organizes the differentiation
and function of innate and adaptive lymphoid cells
[39]. 

Our results showed a significant increase in the
expression of IL-6 in the tested group compared
with controls. In this respect, it has been
demonstrated that IL-6 activation by IL-4/IL-13 is
required in T. spiralis to boost mast cell responses,
which in turn induces worm expulsion and intestinal
mastocytosis [40]. The essential role of IL-6 in T.
spiralis infection is done through the enhancement
of muscle contractility and epithelial cell fluid
secretion [41]; roles probably explain the exerted
response on larvae in the muscular stage. Going
beyond; several studies discussed the range of
biological activities of IL-6 and its pathological role
in various diseases particularly immune-mediated
diseases, it was anticipated that IL-6 targeting
would constitute a novel treatment strategy for that
diseases [42].

IL-10 expression might have a crucial role in the
regulation of inflammation intensity caused by T.
spiralis infection. IL-10 is named cytokine
synthesis inhibitory factor that limits the production
of IFN-γ; IL-12 and other cytokines that prevent the
expulsion of the worm [43]; as IL-12 increases the
muscular parasite burden and delays the adult worm
expulsion from the intestine. This contradicted with
Beiting et al. [44] conclusion of IL-10 which
restricts the initial inflammatory response to muscle
infection by T. spiralis with no effect on the survival
of intestinal T. spiralis. The sustained control of
inflammation during chronic muscle infection is
independent of IL-10 and is accompanied by a shift
to a Th2 response following completion of parasite
development in the muscle, thus IL-10 neither
endorses nor compromises the survival of larvae in
the muscle. 

TNF-α was documented to have a crucial role in
the induction of T helper cell-mediated resistance to
infection with gastrointestinal helminth parasites
[45]. TNF-α acts through the activation of intestinal
mucosal mast cells, thus promoting local
inflammation. One of the properties of TNF-α is the
induction of nitric oxide (NO), which finally acts
mainly as an active molecule against both

The protective effect 199



extracellular and intracellular parasites [46].
Nevertheless, several studies have suggested that
TNF-α and NO inflammatory response may be
injurious to the host, through favoring the
development of enteropathy [47].

In conclusions, the dramatic reduction in both
Trichinella spiralis adults and larval burden in
animal models caused by Lactobacillus acidophilus
supplement strongly suggests its use as a
prophylactic agent in Trichinella spiralis endemic
areas. The changes in the inflammatory cytokines
caused by the used probiotic, may present new
insights on their feasibility as prophylaxis in
Trichinella spiralis endemic areas in a safe, cheap
and far from serious complications manner. These
changes also, may flare up the question; could it
affect the cytokines storm in new pandemic COVID
19 virus assumed to be responsible for severe
complications and even deaths. Results need further
confirmation studies in the near future.
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