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Abstract

This study evaluated the therapeutic and synergistic effects of Lactobacillus acidophilus (L.
acidophilus), a probiotic, and nitazoxanide (NTZ) as compared to the used, albendazole (ABZ),
as single therapy and in combination. ABZ/L. acidophilus-treated group showed the highest
reduction of encysted larvae (92.5%) as compared to control and to ABZ-treated mice. Also,
NTZ treatment showed a significant decrease in larval counts compared to control (40.95%),
which was comparable to that produced by L. acidophilus single therapy. But, combined NTZ
with L. acidophilus caused a significantly higher reduction of larvae (56.62%) highlighted syn-
ergistic abilities of both. Histopathological examination showed marked decrease in larval
counts and inflammatory reactions in ABZ/L. acidophilus-treated group. Combined L. acidophil-
us with other therapeutics caused increased eosinophilia degeneration and larval replacement.
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Introduction

Trichinellosis is a zoonotic nematode para-
sitic disease caused mainly by Trichinella
spiralis represents a worldwide threat, desp-
ite intensive control efforts (Pozio, 2018), as
a zoonotic foodborne parasitosis (Wang et
al, 2020). In Egypt and other Arab Countr-
ies, human trichinellosis was rare, and stems
mainly from religious practices and food
habits (Youssef and Uga, 2014). Sylvatic tri-
chinellosis is prevalent in the Mediterranean
regions, and, domestic trichinellosis was re-
ported in Egypt in slaughtered pigs (Morsy
et al, 2000), and naturally infected rats (Mo-
sy et al, 1989), rodents collected from and
around abattoirs in Alexandria with a rate of
13.3% (Loutfy et al, 1999) and diaphragms
of 2 stray dogs killed during a governmental
anti-rabies campaign in Cairo (Mikhail ef al,
1994).

Signs, symptoms, severity and duration of
trichinellosis varied. Nausea, diarrhea, vom-
iting, fatigue, fever, and abdominal discom-
fort are often the first symptoms Headaches,
fevers, chills, cough, swelling of the face
and eyes, aching joints and muscle pains,
itchy skin, diarrhea, or constipation may
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follow the first symptoms. If infection is he-
avy, patients may experience difficulty co-
ordinating movements, and have heart and
breathing problems. In severe cases, death
can occur. For mild to moderate infections,
most symptoms subside within a few mont-
hs. Fatigue, weakness, muscle pain, and dia-
rrhea may last for month. When a human or
animal eats meat with infective Trichinella
larvae, the acid in stomach dissolves the ha-
rd covering of the cyst around the larvae and
releases the worms, which pass into the sma-
Il intestine and, in 1-2 days, become mature.
After mating, adult females lay eggs. Eggs
develop into immature worms, travel via the
arteries, and are transported to muscles, in
the muscles, the worms curl into a ball and
encyst; where they form intact capsules by
the 30" day of infection (Othman er al,
2016). During muscular phase, larvae induc-
ed an inflammation responsible for the asso-
ciating myositis (Bruschi and Chiumiento,
2011), and elicited a robust immunological
and allergic response (Buckova et al, 2015).
Some of these infected myocytes develop
into nurse cells that nourish the larval stage
and shelter it from the immunological react-



ions of the host (Ock ef al, 2013). To reach
this target, the parasite induces new vascular
formations (angiogenesis) around collageno-
us capsule (Park et al, 2015).

Albendazole (ABZ) is currently a preferred
therapeutic agent for treatment of infection
with 7. spiralis. It is a benzimidazole deriva-
tive that works against intestinal and syste-
mic parasite on a broad scale (Horton, 2002;
Casulli et al, 2006). However, its effective-
ness is hampered by its lower activity agai-
nst encapsulated larvae, limited water solub-
ility, the increase in developing resistance
and being contraindicated in children and
pregnant women (Yadav and Temjenmon-
gla, 2012).

On considering the available drugs, their
side effects and possible resistance develop-
ment, a shortage in the addition of new dr-
ugs is obvious, mostly due to weak funding
(Soliman et al, 2016). Repositioning already
approved drugs, as an alternative, seems a
more feasible approach (Panic et al, 2014).

Nitazoxanide (NTZ) is a broad-spectrum
thiazolide compound that was initially used
as an antiprotozoal and antibacterial agent
(Gilles and Hoffman, 2002), but it was fre-
quently explored for its antiviral and anti-
helminthic potentials (Hemphill et al, 2006).
NTZ proved effectiveness against some
zoonotic nematodes as Ascaris, Ancylosto-
ma, Enterobius and Strongyloides (Fonseca-
Salamanca et al, 2003), with a higher effic-
acy against 7. spiralis muscle larvae than
adults (Ashour et al, 2016).

Probiotics are living microorganisms that
have beneficial effects on human health (Hi-
1l et al, 2014) with proven safety and appro-
ved efficacy criteria (Gibson and Fuller,
2000). Probiotic bacteria anti-parasitic prop-
erties increasingly approached during years
(El Temsahy et al, 2015). Probiotics have
lowered the parasite burden and the related
pathological alterations in experimental tric-
hinellosis through the stimulation of local
and systemic immune reactions (Bautista-
Garfias et al, 1999, 2001; Martinez-Gomez
et al, 2009, 2011; El Temsahy et al, 2015;
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Dvoroziakova et al, 2016). Probiotics indu-
ce a non-specific stimulation of the immune
system (Costamagna, 2005) with activation
of various mediators as interleukin-2, interf-
feron-gamma and nitric oxide production
(Kato et al, 1999). Bacterial products as la-
ctic acid, acetic acid, and others played vital
role against parasites (Buckova et a/, 2018).

This study aimed to assess the effects of
ABZ, NTZ and a probiotic, Lactobacillus
acidophilus (L. acidophilus) on Trichinella
spiralis encapsulated muscle larvae, in expe-
rimentally infected mice, given alone or co-
mbined with Lactobacillus (ABZ/L. acidop-
hilus) and (NTZ /L. acidophilus) by parasitic
burden and histopathological changes in tre-
ated mice.

Materials and Methods

Experimental animals: A total of seventy
laboratory-bred male Swiss albino mice, 8-
week old and weighing approximately 22gm
were used. They were obtained from and
maintained at Theodore Bilharz Research
Institute (TBRI) animal house in Giza Gove-
rnorate. All animal handling and experi-m-
ental procedures were conducted according
to the national and institutional guidelines
and ethics for the care and use of laboratory
animals. They were kept under 12hrs light/
dark regime and adjusted temperature and
humidity conditions. They received standard
pelleted diet and water ad libitum, and dwe-
elt in well-ventilated, regularly cleaned cust-
omized housing-boxes.

Trichinella spiralis: T. spiralis isolate was
maintained by serial passages in laboratory
mice, with released from muscles by pepsin-
hydrochloric acid (HCL) artificial digestion.
After 12hrs fasting, each mouse was infect-
ed orally with 250 larvae in 250pl saline ad-
ministered using an especially adapted tub-
erculin syringe with a blunt, ball-tipped, cu-
rved needle (Wassom et al, 1984).

Drugs: Albendazole (Alzental) suspension
as 20mg/ml (EIPICO) was administered per
os in a dose of 50mg/kg/day for 3 consecuti-
ve days; 35t day post-infection (Fahmy and
Diab, 2021). Nitazoxanide (Nanazoxid) as



100mg/5ml suspension, product of Mediz-
en, Utopia Pharmaceuticals, Egypt, was giv-
en at a daily oral dose of 50mg/kg for 14 co-
nsecutive days (Ashour et al, 2016). Probi-
otic bacteria; Lactobacillus acidophilus (L.
acidophilus) Natrol LLC, United States were
administered orally at a dosage of 10° CFU/
ml/100ul daily for 5 consecutive days (Buc-
kova et al, 2018).

Experimental design: Seventy clean labora-
tory bred male mice were divided into seven
groups of 10 mice each and were infected
with 250 T. spiralis larvae orally. They were
G1: Negative control group (neither-infected
nor treated); G2: Positive control (infected
with 7. spiralis larvae, non-treated); G3:
ABZ-treated with 50 mg/kg/day for 3 cons-
ecutive days; G4: NTZ-treated with nita-
zoxanide 50mg/kg/day for 14 consecutive
days; G5: L. acidophilus-treated with L. ac-
idophilus 10° CFU/ml/100pl daily for 5 con-
secutive days; G6: ABZ/L. acidophilus-trea-
ted with albendazole 50mg/kg/ day for 3 co-
nsecutive days + L. acidophilus 10° CFU/
ml/100ul daily for 5 consecutive days; G7:
NTZ/L. acidophilus-treated with nitazoxani-
de 50mg/ kg/day for 14 consecutive days +
L. acidophilus 10° CFU/ml/ 100yl daily for
5 consecutive days. Treatment started on
35" day P.I. and sacrificed on the 50™ day.

Isolation of T. spiralis muscle larvae: Af-
ter scarification, each mouse was dissected
and muscle mass was digested with a mixt-
ure of 1% pepsin & 1% HCL in 1000ml dis-
tilled water and incubated at 37°C (Ma-
rtinez-Gomez et al, 2009). Incubation was
maintained for 2hrs with stirring on an elec-
tric stirrer. Digested mixture was strained
through a sieve (50mesh/inch) to separate
any coarse particles and re-strained using a
sieve (200-mesh/inch) to collect larvae,
which were washed with phosphate-buffered
saline (PBS). This step was repeated to rem-
ove any acid residues, and then 200ml of
PBS was added to re-suspend to collect lar-
vae in a conical flask. After settling, the sup-
ernatant was discarded and larvae/ml in sed-
iment was counted by conventional light mi-
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croscope, using a hemocytometer (Denham,
1965).

Histopathological studies: Skeletal muscle
samples were fixed in 10% neutral buffered-
formalin and processed for paraffin embed-
ding, sectioning at Sum thickness and stain-
ed with Hematoxylin and Eosin (H&E). Ten
low power microscopic fields (10x) were ex-
amined and scored for larval number as fol-
lows; score 1= < Slarvae/field, score 2= 5-10
larvae/field and score 3 =>10larvae/ field.
Inflammatory reaction intensity was scored
as mild = 1, moderate = 2 and intense reac-
tion = 3 (Othman et al, 2016).

Statistical methods: Data were coded and
analyzed using the Statistical Package for
the Social Sciences (SPSS) version 28 (IBM
Corp., Armonk, NY, USA), as mean and st-
andard deviation. Comparisons between gro-
ups were done using ANOVA with multiple
comparisons post hoc test for normally dist-
ributed quantitative variables while non-pa-
rametric Kruskal-Wallis test and Mann-Wh-
itney test were used for abnormally distrib-
uted quantitative variables (Chan, 2003). P-
values less than 0.05 were considered stati-
stically significant.

Results

Trichinella larvae in muscles: All treated
groups showed a significant reduction in 7.
spiralis muscle larvae load as compared to
the infected non-treated control ones (P
<0.001) The NTZ and L. acidophilus-treated
groups showed a significant decrease in
muscle larvae numbers compared to infected
control group (P <0.001). ABZ alone dis-
played a high significant in number of larvae
as compared to either drug alone (P <0.001).

ABZ /L. acidophilus combination showed
marked decrease in parasitic load (P <0.001)
with highest reduction of muscle larvae
(92.5%) followed by ABZ (78.26%), NTZ/
L. acidophilus combination (56.62%) and
then NTZ and L. acidophilus alone (40.95%)
and (40.76%) respectively.

Histopathological results: Skeletal muscle
in positive control showed many encysted
larvae diffusely embedded in muscles sarco-



plasm, with intense inflammatory reactions
in form of lymphocytes, plasma cells and
histiocytes infiltrating infected muscle fibers
and pericapsular area of encysted larvae.
ABZ-treated group showed decreased enc-
ysted larvae numbers with degeneration and
thinning of collagen capsule and decreased
lymphocytic cellular infiltration. ABZ/ L.
acidophilus-treated group showed a marked
improvement with reduction in encysted lar-
vae numbers, and destruction of collagen ca-
psule, internal structure of larvae, and calc-
ification of some degenerated parts. Fibros-
is with chronic cellular infiltrates was in few
skeletal muscles as a form of muscular heal-
ing, replacing degenerated and necrosis cyst.
In NTZ-treated mice, mild inflammatory

cellular infiltrates were around intact
collagen capsule with degeneration of ency-
sted larvae. Capsule thinning was in NTZ/L.
acidophilus-treated ones with fragmentation
of encysted larvae and pericapsular lymph-
ocytic cellular infiltration. Viable larvae wi-
th moderate inflammatory reaction was in L.
acidophilus-treated mice.

Score of encysted larval number and infl-
ammatory intensity significantly decreased
in all groups as compared to control. Reduc-
tion was more in ABZ/L. acidophilus-treated
mice with improvement degree in ABZ trea-
ted mice and NTZ/L. acidophilus-treated as
compared to NTZ &/or L. acidophilus alone.
Details were given in table (1) and figures
(1,2,3 & 4)

Table 1: Mean, standard deviation &reduction % of T. spiralis encysted muscle larvae in positive control and treated groups.

Encysted larvae | Positive ABZ ABZ & NTZ NTZ & L. p-value
load in muscles control L. acidophilus L. acidophilus | acidophilus

Mean 10720.00 | 2330.00* 800.00* 6330.00* 4650.00* 6350.00* <0.001
SD 858.68 371.33 235.70 434.74 568.14 419.66

Reduction 78.26% 92.5% 40.95% 56.62% 40.76%

ABZ= Albendazole, NTZ= Nitazoxanide, *Significance at P < 0.05 compared to positive control

Discussion

None of the available classic treatments for
human infection with Trichinella can be
looked upon as a fully effective therapy
(Patra and Sarkar, 2014). Benzimidazoles,
especially ABZ and mebendazole were con-
sidered more effective if administered early
in infection as they are lethal to adult worms
and non-settled larvae but they have lower
potency against encapsulated larvae in man
(Pozio et al, 2001; Gottstein et al, 2009).

On the other hand, vaccine development is
a costly, tedious process, slowed by the
parasite’s complicated antigenicity (Yang et
al, 2010). With no effective management for
late larval stages, emerged the demand to
investigate effective alternatives (Bautista-
Garfias et al, 2002).

In the present study, combination of L.
acidophilus with drugs resulted in an intere-
stingly significant decrease in encysted lar-
val load in muscles that was highest with the
ABZ/L. acidophilus combination (92.5%) &
with NTZ/L. acidophilus (56.62%) compar-
ed with control group. It also showed a sig-
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nificant difference compared to the observed
decrease with single drug administration of
either ABZ (78.26%) or NTZ (40.95%) the-
rapy. On the same accord, a similar study by
Fathy et al. (2021), documented that com-
bined probiotics with ivermectin for treat-
ment of Trichinella in mice resulted in an
88.1% reduction in larval load compared to
probiotics (38.2%), and ivermectin (79.6%)
separately. This suggested that L. acidophi-
lus use was beneficial in drug combinations
therapies. In addition, this effect of oral bac-
terial intake on distant tissue larval stages
indicates an immune response modulation.
In agreement, recent studies as to the reg-
ulation of host immune response as a pro-
mising approach to control 7. spiralis infe-
ction in man (Wang et al, 2020). Actually,
during the last decade, probiotics were
studied as a non-chemical therapeutic for the
treatment of various intestinal and extra-int-
estinal pathogens. They have a direct benef-
icial effect on the intestinal environment.
Other studies pointed to their immune mod-
ulation abilities and the possible potency of



some of their secreted active molecules that
can alter the parasites’ pathogenicity (Trav-
ers et al, 2011). Probiotics immunomodula-
tory effects were not limited to the intestinal
zone but extend to affect distant organs (Fre-
derich et al, 2017). Lactobacilli are reported
to promote T-cell proliferation in muscle
phase of T. spiralis infection (DvoroZznakova
et al, 2016). Moreover, probiotics have a sti-
mulatory effect on polymorphonuclear leuk-
ocytes (PMNL) respiratory burst activity
and can increase phagocytosis. But, this may
be maintained for only 2 to 3 weeks after pa-
rasitic infection (Dvoroznakova et al, 2019).

In the current study, L. acidophilus was
administered orally for 5 days starting on the
35t day P.I, to study its effect on encysted
larvae in muscle tissue. On scarification, a
significant decrease in larval load compared
to control group was observed (40.76%);
though it was not as high as in the mention-
ed combinations. This agreed with Bautista-
Garfias et al. (1999) who recorded that Lact-
obacillus casei induced larval load reduction
starting from 46.6% and also Fathy et al.
(2021) who found a comparable reduction of
38%.

On the contrary, oral administration of L.
acidophilus was reported by El Temsahy et
al. (2015) to produce a 60% decrease in
larval load on the 28™ day of infection. Also,
Farrag et al. (2021) reported a 73.5% larval
reduction on oral administration of L. acido-
philus. However, both studies administrated
the treatment a week before infection, thus
assessing L. acidophilus effect as a prophyl-
actic rather than a therapeutic agent. Their
higher effect may be attributed to affecting
adult worms’ survival or fertility, and des-
troying newborn larvae, rather than a direct
action on the encysted larval stage.

In the current study, NTZ against T. spi-
ralis caused decrease in muscle larvae load
(40.95%) compared to control group. In the
same context, Ashour et al. (2016) and Has-
san et al. (2021) reported encysted larval
count decrease after the NTZ therapy with a
reduction 76.7% and 73.7% respectively.
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Results were reported against other nem-
atode larvae like Toxocara canis in vivo
with reduction 61.2% (Delgado et al, 2008),
even cestodal larvae like hydatid protosco-
lices showed reduced motility in vitro (Soli-
man et al, 2016). But, neither Fonseca-Sala-
manca et al. (2003), nor Speich et al. (2012)
reported NTZ activity against pre-adult sta-
ges of T. spiralis in vitro, or on Trichuris tr-
ichura in children.

In the present study, anthelminthic activi-
ty of NTZ (40.95% reduction) was exceeded
by that of ABZ (78.26%) as compared to co-
ntrols. However, Reuter et al. (2006) repo-
rted a faster effect of NTZ on multilocular
hydatid cysts. Deep tissue larvae need high
drug bioavailability which is limited by poor
absorption of benzimidazoles (Petri, 2011).
Also, NTZ administration needed a repeated
dosing, through a long period of time, to
give an effective anthelminthic threshold in
blood (Hu et al, 2013; Ashour et al, 2016).
Thus, in the current study, NTZ was admin-
istered for two weeks.

In the present study, NTZ showed a sign-
ificantly higher efficacy when combined
with probiotics compared to single adminis-
tration, 56.62% versus 40.95% reduction re-
spectively. This agreed with the NTZ syne-
rgistic activity in combination with other an-
thelminthic drugs like ABZ, pyrantel® (So-
mvanshi ez al, 2014) and ivermectin® (Ha-
ssan et al, 2021).

The present histopathological treated mice
showed a significant decrease in encysted
larvae and inflammatory reactions compared
to control. ABZ/L. acidophilus treated mice
showed the least number of muscle larvae
with minimal inflammatory cellular infiltra-
tes. This agreed with Fahmy and Diab
(2021), who reported that lymphocytic and
fibroblastic cellular infiltrations were signs
of improvement and elimination of degener-
ated encysted larvae, by albendazole/meflo-
quine group. Lactobacillus has a marked ef-
fect on the vitality of larvae, and contribute
to their demise, especially by hydrogen per-
oxide reduction in larval load (Buckova et



al, 2018).

Also, NTZ-treated group showed larval fra-
gmentation with a significant decrease in
their numbers and moderate inflammation
compared to control group. Lower inflamm-
atory reactions and larval counts were seen
with NTZ/L. acidophilus treated group with
thinning of the cyst capsule and eosinophilic
material deposition. This agreed with Ash-
our et al. (2016) and Hassan et al (2021) re-
ported similar NTZ results with encysted la-
rvae (late infection). The latter also acknow-
ledged a better reduction in larvae, inflame-
mation and infiltration of destroyed capsule
using NTZ-drug combination with ivermec-
tin. This also advocated that NTZ synerg-
istic effect with other anthelminthic drugs.

In the current study, marked degenerative
changes; larval obliteration and intracapsular
eosinophilic amorphous material deposition
were more noticed on using drug combina-
tions rather than single therapy. This might
indicate a synergistic potency of probiotics-
drug combinations reported as histopathol-
ogical changes rather than a parasitic load
decrease (unviable encysted larvae). Fathy et
al. (2021) found that probiotics caused fair
histopathological improvement, but, inclu-
ding them in a combined therapy lead to a
significantly higher decrease of larvae and
inflammatory reactions, with recognizable
replacement of larvae with homogenous
degenerative material.

Conclusion
Generally, trichinosis is serious zoonotic
infectious parasite particularly in pigs rear-
ing countries
L. acidophilus significantly improved the
albendazole treatment of 7. spiralis encysted
larvae. Also, L. acidophilus and NTZ comb-
ination showed synergistic effect in treating
encysted larvae. L. acidophilus has anthel-
minthic action particularly when combined
with albendazole
References
Ashour, DS, Abou Rayia, DM, Saad, AE, El-
Bakary, RH, 2016: Nitazoxanide anthelmintic
activity against the enteral and parenteral phases

112

of trichinellosis in experimentally infected rats.
Exp. Parasitol. 170:28-35.

Bautista-Garfias, CR, Fernandez, AR, Posad-
as Beltran, A, Ixta Rodriguez, O, 2002: Est-
ablishment of Trichinella spiralis in BALB/c
mice treated with Lactobacillus casei administ-
ered intraperitoneally and orally. Tec. Pecu.
Mex. 40:165-68.

Bautista-Garfias, CR, Ixta, O, Orduia, M,
Martinez, F, Aguilar, B, et al, 1999: Enhance-
ment of resistance in mice treated with Lactob-
acillus casei: Effect on Trichinella spiralis
infection. Vet. Parasitol. 80, 3:251-60.
Bautista-Garfias, CR, Ixta-Rodriguez, O, Ma-
rtinez-Gomez, F, Lopez, MG, Aguilar-Figu-
eroa, B R, 2001: Effect of viable or dead La-
ctobacillus casei organisms administered orally
to mice on resistance against Trichinella spiralis
infection. Parasite. 8, 2:226-228.

Bruschi, F and Chiumiento, L, 2011: Trichi-
nella inflammatory myopathy: Host or parasite
strategy? Parasit. Vect. 4:42.

Buckova, B, Dvoroziidkova, E, Hurnikova, Z,
Laukova, A, 2015: Administration of bacteri-
ocin-producing and probiotic bacterial strains
attenuate the outcome of mouse Trichinella
spiralis infections. Folia 59, 4:241-6.

Buckova, B, Hurnikova, Z, Laukova, A, Rev-
ajova, V, Dvoroznakova, E, 2018: The anti-
parasitic effect of probiotic bacteria via limiting
the fecundity of 7. spiralis female adults. Hel-
minthologia 55, 2:102-111.

Casulli, A, Gomez, MA, Gallinella, B, Turch-
etto, L, Pozio, E, 2006: 2-Hydroxypropyl-B-cy-
clodextrin improves the effectiveness of alben-
dazole against encapsulated larvae of Trichinella
spiralisin a murine model. J. Antimicrob.
Chemoth. 58: 886-90.

CDC, 2020: Parasites - Trichinellosis (also kno-
wn as Trichinosis) Trichinellosis FAQs

Chan, YH, 2003: Biostatistics102: quantitative
data - parametric and non-parametric tests. Sin-
gapore Med. J. 44, 8:391-6.

Costamagna, SR, 2005: Effect of oral adminis-
tration of probiotic agents on 7. spiralis-infected
mice. Maio-ago. 34, 2:129-35.

Delgado, OM, Fernandez, G, Silva, S, Rami-
rez, O, Romero, J, ef al, 2008: Preliminary evi-
dence of nitazoxanide activity on Toxocara ca-
nis in a mouse model. Int. J. Antimicrob. Agents
31:e182-4.

Denham, DA, 1965: Studies with methyridine



and Trichinella spiralis. 1. Effect upon the int-
estinal phase in mice. Exp. Parasitol. 17:e10-4.
Dvoroziiakova, E, Buckova, B, Hurnikova, Z,
Revajova, V, Laukova, A, 2016: Effect of
probiotic bacteria on phagocytosis and respir-
atory burst activity of blood polymorphonuclear
leukocytes (PMNL) in mice infected with
Trichinella spiralis. Vet. Parasitol. 231:69-76.
Dvoroziikova, E, Vargova, M, Laukova, A,
2019: Ex vivo proliferation of T and B cells from
mice modulated by probiotic strains and Trichi-
nella spiralis infection. Slovensky Veterinarsky
Casopis. 44, 1:58-61.

El Temsahy, MM, Ibrahim, IR, Mossallam, S
F, Mahrous, H, Bary, AA, et al, 2015: Eval-
uation of newly isolated probiotics in the prot-
ection against experimental intestinal trichin-
ellosis. Vet. Parasitol. 214, 3/4:303-14.

Fahmy, AM, Diab, TM, 2021: Therapeutic eff-
icacy of albendazole and mefloquine alone or in
combination against early and late stages of T7i-
chinella spiralis infection in mice. Helminth-
ologia 58, 2:179-87.

Farrag, HM, Huseein, EA, Abd El-Rady, NM,
Mostafa, FA, Mohamed, SS, et al, 2021: The
protective effect of Lactobacillus acidophilus on
experimental animals challenged with Trich-
inella spiralis; new insights on their feasibility
as prophylaxis in Trichinella spiralis endemic
area. Ann. Parasitol. 67, 2:195-202.

Fathy, ZE, Kamal, NM, Elkholy, WA, Ibrah-
im, SM, 2021: Muscular myogenin expression
in probiotics and ivermectin treated trichinellosis
murine model. AUJV 3, 1:1-16.
Fonseca-Salamanca, F, Martinez-Grueiro, M
M, Martinez-Fernandez, AR, 2003: Nematoc-
idal activity of nitazoxanide in laboratory mod-
els. Parasitol. Res. 91, 4:321-324.

Friedrich, A, Paz, M, Leoni, J, Gonzalez Ma-
glio, D, 2017: Message in a bottle: dialog bet-
ween intestine and skin modulated by probiotics.
IJMS 18, 6:1067-9.

Gibson, GR, Fuller, R, 2000: Aspects of in vit-
ro and in vivo research approaches directed to-
ward identifying probiotics and prebiotics for
human use. J. Nutr. 130, 2:391S-5.

Gilles, HM, Hoffman, PS, 2002: Treatment of
intestinal parasitic infections: a review of nitazo-
xanide. Trends Parasitol. 18:95-97.

Gottstein, B, Pozio, E, Nockler, K, 2009:
Epidemiology, diagnosis, treatment, and control
of trichinellosis. Clin. Microbiol. Rev. 22, 1:
127-45.

113

Hassan, MM, El-Rahman, A, Mostafa, E, El-
Hamed, A, Fakhry, E, et al 2021: The impact
of nitazoxanide loaded on solid lipid nano-
particles on experimental trichinellosis. ZUMJ
27, 6:1074-84.

Hemphill, A, Mueller, J, Esposito, M, 2006:
Nitazoxanide, a broad-spectrum thiazolide anti-
infective agent for the treatment of gastro-in-
testinal infections. Exp. Opin. Pharmacother. 7:
€953-64.

Hill, C, Guarner, F, Reid, G, Gibson, GR,
Merenstein, DJ, ef al, 2014: Expert consensus
document: International scientific association for
probiotics and prebiotics consensus statement on
the scope and appropriate use of the term pro-
biotic. Nat. Rev. Gastroenterol. Hepatol. 11:506-
14.

Horton, J, 2002: Albendazole: a broad spectr-
um anthelminthic for treatment of individuals &
populations. Cur. Op. Infect. Dis. 15: 599-608.
Hu, Y, Ellis, BL, Yiu, YY, Miller, MM, Urb-
an, JF, et al, 2013: An extensive comparison of
the effect of the anthelminthic classes on diverse
nematodes. PLoS One 8:¢70702.

Kato, I, Tanaka, K, Yokokura, T, 1999: Lact-
ic acid bacterium potently induces the produc-
tion of interleukin-12 and interferon-y by mouse
splenocytes. Int. J. Immunopharmacol. 21, 2:
121-31.

Loutfy, NF, Awad, OM, El-Masry, AG, Kan-
dil, GM, 1999: Study on rodents infestation in
Alexandria and prevalence of Trichinella spira-
lis infection among them. J. Egypt. Soc. Paras-
itol 29, 3:897-909.

Martinez-Gomez, F, Santiago-Rosales, R, Ba-
utista-Garfias, CR, 2009: Effect of Lactobac-
illus casei Shirota strain intraperitoneal admin-
istration in CDI1 mice on the establishment of
Trichinella spiralis adult worms and on IgA
anti-T. spiralis production. Vet. Parasitol. 162:
171-5.

Martnez-Gomez, F, Fuentes-Castro, BE, Bau-
tista-Garfias, CR, 2011: The intraperitoneal
inoculation of Lactobacillus casei in mice in-
duces total protection against Trichinella spiralis
infection at low challenge doses Parasitol. Res.
109:1609-17.

Mikhail, EM, Mansour, NS, Awadalla, HN,
1994: Identification of Trichinella isolates from
naturally infected stray dogs in Egypt. J. Para-
sitol. 80, 1:151-4.

Morsy, TA, Ibrahim, BB, Haridy, FM, Rifa-
at, MMA, 2000: Trichinella encysted larvae in



slaughtered pigs in Cairo (1995-1999). J. Egypt.
Soc. Parasitol. 30, 3:753-60.

Morsy, TA, Makarem, SS, Aboul Seoud, SF,
Ambroise-Thomas, P, 1989: Comparison of thr-
ee immuno-diagnostic tests in detection of trich-
inosis in naturally infected rats. J. Egypt. Soc.
Parasitol. 19, 2:465-70.

Ock, MS, Cha, HJ, Choi, YH, 2013: Verifiable
hypotheses for thymosin P4-dependent and -
independent angiogenic induction of Trichinella
spiralis-triggered nurse cell formation. Int. J.
Mol. 14, 12:23492-8.

Othman, AA, Abou, DM, Ashour, DS, Saied,
EM, Zineldeen, DH, et al, 2016: Atorvastatin
and metformin administration modulates experi-
mental Trichinella spiralis infection. Parasitol.
Int. 65, 2:105-12.

Panic, G, Duthaler, U, Speich, B, Keiser, J,
2014: Repurposing drugs for the treatment and
control of helminth infections. Int. J. Parasitol.:
Drugs Drug Resist. 4, 3:185-200.

Park, MK, Cho, MK, Kang, SA, Kim, BY,
Yu, HS, 2015: The induction of the collagen
capsule synthesis by Trichinella spiralis is clo-
sely related to protease-activated receptor 2. Vet.
Parasitol. 230:56-61.

Patra, G, Sarkar, S, 2014: Nurse cell Biology
of Trichinella spirals. Int. J. Adv. Res. Technol.
3, 4:133-8.

Petri, WA 2011: In: Brunton, LL, Chabner, B
A, Knollmann, BC. (Eds.), Goodman and Gil-
man's the Pharmacological Basis of Thera-
peutics, 12" ed. McGraw-Hill, New York.
Pozio, E, 2018: Trichinella and other foodborne
nematodes. In: Ortega, Y, Sterling, C, (eds.) Fo-
odborne Parasites: Food Microbiology and Food
Safety. Springer

Pozio, E, Sacchini, D, Sacchi, L, Tamburrini,
A, Alberici, F, 2001: Failure of mebendazole in
the treatment of humans with Trichinella
spiralis infection at the stage of encapsulating
larvae. Clin. Infect. Dis. 32:¢638-42.

Reuter, S, Manfras, B, Merkle, M, Harter, G,
Kern, P, 2006: In vitro activities of itraco-

nazole, methiazole, and nitazoxanide versus
Echinococcus multilocularis larvae. Antimicrob.
Agents Chemother. 50:¢2966-¢2970.

Soliman, AA, Aufy, SM, Moussa, HM, Saber,
MM, Zaki, MM, et al, 2016: A broad spectrum
antiparasitic effect of nitazoxanide: an important
advancement. Kasr Al Ainy Med. J. 22, 2:56-9.
Somvanshi, VS, Ellis, BL, Hu, Y, Aroian, RV,
2014: Nitazoxanide: nematicidal mode of action
and drug combination studies. Mol. Biochem.
Parasitol. 193, 1:1-8.

Speich, B, Ame, SM, Ali, SM, Alles, R, Hatte-
ndorf, J, et al, 2012: Efficacy and safety of nita-
zoxanide, albendazole, and nitazoxanide-alben-
dazole against Trichuris trichiura infection: a
randomized controlled trial. PLOS Negl. Trop.
Dis. 6, 6:¢1685.

Travers, MA, Florent, I, Kohl, L, Grellier, P,
2011: Probiotics for the control of parasites: An
overview. J. Parasitol. Res. 1:1-11.

Wang, D, Gong, QL, Huang, HB, Yang, WT,
Shi, CW, et al, 2020: Protection against Trichi-
nella spiralis in BALB/c mice via oral admin-
istration of recombinant Lactobacillus planta-
rum expressing murine interleukin-4. Vet. Par-
asitol. 280:109068.

Wassom, DL, Wakelin, D, Brooks, BO, Krco,
CJ, David, CS, 1984: Genetic control of immu-
nity to Trichinella spiralis infections of mice:
Hypothesis to explain the role of H-2 genes in
primary and challenge infections. Immunology
51, 4:625-31.

Yadav, AK, Temjenmongla, 2012: Efficacy of
Lasia spinosa leaf extract in treating mice
infected with Trichinella spiralis. Parasitol. Res.
110, 1:493-8.

Yang, Y, Zhang, Z, Yang, J, Chen, X, Cui, S,
et al, 2010: Oral vaccination with Ts87 DNA
vaccine delivered by attenuated Sal/monella typ-
himurium elicits a protective immune response
against Trichinella spiralis larval challenge.
Vaccine 28, 15:2735-42.

Youssef, Al, Uga, S, 2014: Review of Parasitic
Zoonoses in Egypt. Trop. Med. Hlth. 42, 1:3/14.

Explanation of figures

Fig.1: Comparison of T. spiralis muscle larvae load in positive control and treated groups. *significant compared to positive control group.
Fig.2: Skeletal muscle H&E-stained sections: (A) Negative control group showed normal skeletal muscles fibers, (B) Infected untreated
(positive control) group showed numerous 7. spiralis encysted larvae embedded in skeletal muscle with intense inflammatory cellular
infiltration (asterisk), each encyst larva consisted of a nurse cell (1), with thick collagen capsule (2) and intersected muscle larvae inside (3),
(C) ABZ-treated group showing pericapsular histo-lymphocytic cellular infiltration (black arrow) with degenerated capsule of encysted
larva (red arrow) in-between necrosed muscles, (D) ABZ/L.acidophilus-treated group showed thinning of cyst collagen capsule (arrow)
containing eosinophilic amorphous debris with calcification of some parts (asterisk), (E) NTZ-treated group showed fragmentation of
encysted larva (asterisk) with intact capsule and mild pericapsular histo-lymphocytic cellular infiltrates, (F) NTZ/ L.acidophilus-treated
group showed thin walled cyst containing eosinophilic degraded larva (arrow) with minimal cellular inflammation , (G) Viable larva (arrow)
with moderate inflammatory cells infiltration (asterisk) in group treated with L. acidophilus.

Fig.3: Lesion score of encysted larvae numbers in different groups (M£SD). *Significant at p-value<0.05.compared to positive control group



Fig.4: Lesion score of inflammatory reaction in different groups (M+SD). *Significant p-value<0.05, compared to positive control group.
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