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Abstract

Trichinellosis is a foodborne parasitic zoonosis caused by eating raw or uncooked meat of animals infected with
Trichinella species. The disease is widely distributed all over the world. It is a public health hazard by affecting
humans and represents an economic problem in porcine animal production and food safety. Drugs used to treat
trichinellosis include anthelmintics and glucocorticosteroids. Benzimidazole derivatives or adding excipients, medical
plant extracts and some biological agents have shown good insecticidal effects. Preventing infection is crucial for
combating human and mammal trichinellosis. Designing effective vaccines and developing promising probiotics may
be future preventive strategies against infection with Trichinella spiralis infection. This paper reviews new progress in
the treatment and prevention of trichinellosis.
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Introduction
Trichinellosis is a foodborne parasitic zoonosis widely distributed all

over the world in most climates, except for deserts, with a burden of
approximately 10,000 people per year and a 0.2% mortality rate [1,2]. It
transmitted to humans by the consumption of raw or undercooked
meat contaminated with nematodes of Trichinella species [3].
Trichinellosis is a public health hazard by affecting human patients and
represents an economic problem in porcine animal production and
food safety [4]. In the international ranking of foodborne parasites,
Trichinella spiralis (T. spiralis) was among the top 10. T. spiralis is the
most pathogenic and prevalent species causing trichinellosis in
humans [5].

Infection of humans occurs with the ingestion of Trichinella larvae
that are encysted in muscle tissue of meat from domestic or wild
animals. After ingestion of contaminated meat, infective muscle larvae
(ML) are released into the stomach of the host. The ML invade the
intestinal columnar epithelial cells and undergo four moults to reach
sexual maturity. The adult worms mate within the intestinal
epithelium, and produce newborn larvae (NBL). In 2 to 3 weeks, the
fertilized females release ~1500 NBL that penetrate the intestine and
migrate via the blood and lymphatic system to skeletal muscle. The
NBL then develop into infective ML, and the infected muscle cells
develop into nurse cells that contain a collagen capsule [3]. The adult
worms live in the intestinal mucosa and persist for 10 to 20 days in
mice and rats or 4 to 6 weeks in humans [6]. The ML encapsuled in
muscle fibers remain for months to years. The life cycle of Trichinella
spp. summarized in Figure 1.

Figure 1: The life cycle of Trichinella species.

Trichinella infection in the human host can be divided into two
phases: an intestinal (or enteral) phase and a muscular (or parenteral
or systemic) phase. Low-intensity infection can remain asymptomatic,
but parasite burdens greater than a few hundred larvae can initially
cause gastroenteritis associated with diarrhea and abdominal pain
approximately 2 days postinfection (p.i.) (intestinal acute phase of
disease). Subsequently, migrating larvae and their metabolites provoke
an immediate reaction, with an inflammatory and allergic response.
Pyrexia, eyelid or facial edema, myalgia, and eosinophilia are the most
prominent manifestations, occasionally complicated by myocarditis,
thromboembolic disease, and encephalitis. Months or even years after
the acute stage, chronic trichinellosis may yield persistent formication,
numbness, and excessive sweating as well as impaired muscle strength
and conjunctivitis, which may persist up to 10 years p.i. in people not
treated early during the acute phase of infection [4,6].
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Therefore, the administration of efficacious anthelmintic drugs at
the stage of intestinal invasion or in the acute phase is crucial for
effective therapy. In addition, because of the predominantly zoonotic
importance of infection, the main efforts in many countries have
focused on the control or elimination of Trichinella from the food
chain [4]. Domestic pork and related products remain the most
important source of Trichinella infection in humans, especially when
pigs are raised under free-range or backyard production conditions.
Therefore, the prevention and treatment of humans and animals are all
important. In following text, we review new progress in the treatment
and prevention of trichinellosis.

Therapies

Anthelmintics
Anthelmintics, primarily albendazole and mebendazole, are the

principal drugs for the treatment of trichinellosis. The mode of action
is inhibition of microtubule polymerization by selectively binding to
the β-tubulin monomer of the parasite, with little effect on binding the
tubulin of the mammalian host [7]. The recommended dose of
albendazole is 400 mg twice daily for 8 to 14 days; for mebendazole, it
is 200 to 400 mg three times a day for 3 days, followed by 400 to 500
mg three times a day for 10 days. Both treatment schemes are suitable
for adults and children; however, they are contraindicated during

pregnancy and are not recommended in children less than 2 years old.
Albendazole has a slight advantage in that for most patients,
recommended plasma levels are achieved and thus do not require
monitoring, whereas mebendazole plasma levels can vary considerably
among patients and might require individual monitoring and dosing
[4].

The effectiveness of albendazole or mebendazole strongly depends
on the time of administration; application at the early stage of
infection is effective. Unfortunately, for most infected people, the
diagnosis is considered only several weeks after the infection, when the
larvae have already established themselves in the muscles. As a general
rule, the later a treatment is prescribed, the greater the probability that
the infected person will already harbor viable larvae in their muscles,
which can then survive for years despite treatment, with possible
persistent myalgia [8].

For pregnant women and children, pyrantel can be used. The mode
of action is inhibition of cholinesterase, which make the helminth
neuromuscular depolarization, spasm and paralysis. Then, the
helminth loses the ability of adhesion intestinal wall and was expelled
from the body. Pyrantel (Combantrin) is given in a single dose of 10 to
20 mg/kg body weight, repeated for 2 to 3 days. However, it is active
against only worms in the gut and has no effect against NBL and ML
[4]. The main features of these anthelmintics summarized in Table 1.

Anthelmintic Mode of action Dosage Stage of action Contraindication

Albendazole Inhibition of microtubule
polymerization

400 mg twice daily for 8 ~ 14
days Adult worm; NBL; ML Pregnancy; children less than

2 years old

Mebendazole Inhibition of microtubule
polymerization

200 ~ 400 mg 3 times a day for
3 days, followed by 400 ~ 500
mg 3 times a day for 10 days

Adult worm; NBL Pregnancy; children less than
2 years old

Pyrantel Inhibition of cholinesterase 10 ~ 20 mg, repeated for 2~3
days Adult worm in the gut No

NBL: Newborn larvae; ML: Muscle larva

Table 1: Instructions of principal anthelmintics for the treatment of trichinellosis.

Since the middle of the 1970s, the new class of macrocyclic lactones
has revolutionized the animal health market. Ivermectin, abamectin,
eprinomectin, doramectin, milbemycin, moxidectin, and selamectin
belong to this class. In human medicine, only ivermectin has been used
against some nematodes. The gamma-aminobutyric acid receptor of
Trichinella as a target for ivermectin’s mode of action displayed
sufficient binding activity in vitro to suggest further investigation. El-
Azzouni demonstrated some effect of ivermectin against experimental
T. spiralis infection in Swiss albino mice at an early stage of infection
[9]. Soliman et al. found an efficacy of 97.75% and 86.23% for
dormectin in eliminating mature worms and migrating larvae,
respectively. Ivermectin had an efficacy of 94.99% and 83.85%,
respectively. Both drugs failed to inhibit the encysted larvae in the
diaphragm [10]. Therefore, new drugs for ML are urgently needed.

Benzimidazole derivatives or excipients
Albendazole and mebendazole are widely used in the chemotherapy

of human and animal trichinellosis, with a high therapeutic index and
low toxicity. Nevertheless, their effectiveness is limited by poor water
solubility (1 μg/mL at 25◦C) and the consequent low bioavailability,

producing in some cases an unpredictable therapeutic response [11].
Chemotherapy failure has been reported in trichinellosis patients
treated with mebendazole [8]. A very active area of research has
focused on the development of new pharmaceutical formulations to
increase the solubility, dissolution rate, and bioavailability of agents
used to treat trichinellosis. Solid dispersion, polymeric
microencapsulation and complexation with cyclodextrins (CDs) are
good choice [1].

The use of CDs as suitable pharmaceutical excipients in liquid and
solid formulations is attractive to enhance the dissolution rate and
bioavailability of poorly soluble drugs. Hydroxypropyl-β-CD (HP-β-
CD) is more water-soluble and toxicologically benign than the natural
β-CD, and its most important use is the intravenous route. The
benzimidazole derivative 5-(2,3-dichlorophenoxy)-1-methyl-2-
(trifluoromethyl)-1H-benzimidazole was synthesized and tested in
vitro against T. spiralis ML. It showed higher activity in vitro than
albendazole (80% vs 67%) but had low efficacy in vivo (46% reduction
of ML load). Its activity was significantly increased (84%) in complex
with HP-β-CD. T. spiralis ML recovered from mice treated with this
complex showed motility loss and cuticle damage [12]. The complex of
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6-chloro-5-(1-naphthyloxy)-2-(trifluoromethyl)-1H-benzimidazole
(RCB20) and HP-β-CD showed better activity than RCB20 alone
against the adult and ML phase of T. spiralis [13]. Randomly
methylated-β-CD inclusion complexes also greatly increased the
dissolution efficiency of albendazole and improved the in vivo
therapeutic activity for trichinellosis [1]. The albendazole-β-CD citrate
inclusion complex achieved 90% reduction in muscle burden as
compared to 79% with albendazole and increased the bioavailability
and effectiveness of albendazole against encapsulated Trichinella larvae
[11].

García et al. evaluated the in vivo antiparasitic activity of three novel
solid microencapsulated formulations, designed to improve
albendazole dissolution rate, in a murine model of trichinellosis. The
microparticulate formulations significantly decreased ML burden
measured in the parenteral phase. Moreover, two of the three
microencapsulated formulations strongly and consistently reduced
worm burden [14]. From these results, developing new derivatives or
suitable pharmaceutical excipients could increase the effectiveness of
anthelmintics.

Glucocorticosteroids
Worsening symptoms in patients during treatment with

antihelminthic therapy for trichinellosis is common. Prednisone is
given with antihelminthic drugs to prevent worsening symptoms and
to shorten the symptomatic period [15]. Administered at 30 to 60
mg/day for 10 to 15 days for severe symptoms is the standard
chemotherapy. Prednisone was shown to be safe and to alleviate
symptoms due to active tissue larvae [4].

Medical plant extracts or other biological agent
Because of the increasing spread of anthelminthic resistance and/or

decreasing activity against encapsulated larval stages of parasites, there
has been a growing interest in developing newer anthelminthics from
medicinal plants, particularly those used in traditional medicine in
many parts of the world. Yadav et al. showed that leaf extracts of Lasia
spinosa possess significant anthelminthic efficacy against the adult
stages and migrating larvae of T. spiralis, but the encysted ML are
comparatively less sensitive to L. spinosa leaf extract treatment [16].

Artemisia species have traditionally been used as anthelmintics, and
different extracts and components (such as artemisinin from
Artemesia annua) have been reported as plant and animal nematocidal
agents. The essential oils (Eos) from two cultivated A. absinthium
populations showed strong ex vivo activity against the infective ML of
T. spiralis, with a reduction in infectivity between 72% and 100% at 0.5

to 1 mg/ml and without cytotoxicity to mammalian cells. Moreover,
the in vivo activity of the Eos against T. spiralis showed a 66%
reduction of intestinal adults [17].

Yu et al. found that 1% taurine supplementation in drinking water
for mice infected with T. spiralis could alleviate the burden of intestinal
adult worms on days 7 and 10 p.i. and reduce the formation of
infective ML in striated muscle [18]. Wang et al. found that siRNA-
mediated silencing of nudix hydrolases expression in T. spiralis
significantly reduced the larval infectivity, development, and survival
in the host [19]. These findings all imply the potential for treatment
and prevention of trichinellosis.

Prevention
All these medications are active against adult worms in the gut and

are ineffective against the larvae embedded in tissues, so there is
serious concern about the currently used therapeutic agents. Therefore,
preventing the infection in the first place can be considered a
promising tool against trichinellosis [5]. Significant efforts have been
made to design effective vaccines against T. spiralis infection. The main
obstacle seems to be related to the complicated antigenic components
of the parasite.

Vaccines
Induction of therapeutic and protective responses in T. spiralis

infection should activate both innate and acquired immunological
mechanisms to block the establishment of the parasite in the host. The
life cycle of T. spiralis differs from that of other nematodes because all
of the developmental stages occur in the same host. However, the
nematode's antigens vary during the different developmental stages
within the host [20]. In trichinellosis, host-parasite interplay is
complicated by the T. spiralis life cycle, which includes a diversity of
stage-specific antigens, immune evasion strategies and modulatory
effects on host responses. Hence, achieving effective protective
responses is challenging [21]. Eliciting high levels of protection or
sterile immunity with only a single antigen is difficult. Therefore,
vaccination approaches against T. spiralis primarily with murine
experimental models have involved a wide range of strategies that
include whole extracts and excretory-secretory products, recombinant
proteins, epitope-peptides and DNA vaccines, along with various
adjuvants and different routes of antigen administration. Table 2
summarized currently researched typical vaccines used in
experimental T. spiralis infection in animal model. The detailed
strategies are reviewed in reference 21.

Vaccine Immunogen Administration route Parasitological effect

Whole extracts and ESP ML ESPs or homogenate Intraperitoneal or intranasal 40% ML reduction; 75% adult reduction

NBL extracts Intraperitoneal 78% ML reduction

TSL-1 antigen Intraperitoneal ~ 50% ML reduction; ~ 55% adult
reduction

Autoclaved larvae intradermic 79% ML reduction; 80% adult reduction

DNA vaccine DNA vaccine of TspE1 intramuscular ~ 40% ML reduction

Citation: Yu YR, Qi YF (2015) Progress in Treatment and Prevention of Trichinellosis. J Infect Dis Ther 3: 251. doi:10.4172/2332-0877.1000251

Page 3 of 5

J Infect Dis Ther
ISSN:2332-0877 JIDT, an open access journal

Volume 3 • Issue 6 • 1000251



Salmonella-delivered Ts87 DNA
vaccine + rTs87

Oral DNA vaccine + intramuscular
boost with rTs87 46% ML reduction;

DNA vaccine of pVAX1-TsMIF-
TsMCD-1-mUb intramuscular 38% ML reduction

Phage-displayed Ts87 peptides Subcutaneous 29% ML reduction

Salmonella-expressed 30-mer of p43
antigen (ShdA) Intranasal 62% adult reduction

Salmonella-expressed 30-mer of p43
antigen (MisL)

Intranasal Salmonella-30mer + boost
with intraperitoneal 30mer Adult and ML reduction

Recombinant proteins and epitopes-
peptides vaccine

rTs-APase Subcutaneous 59% ML reduction; 38% adult reduction

rTspSP-1.3 Subcutaneous 39% ML reduction

Phage-displayed rTsp10 Subcutaneous 79% ML reduction; 63% adult reduction

Salmonella-delivered Ts-cystatin Oral Accelerated worm expulsion; worm
fecundity decline

Salmonella-surface-anchored and
secreted

30-mer of p43 antigen (ShdA) fused to
P283

Intranasal 92% adult reduction (secreted); 42%
adult reduction (surface-anchored)

APase: aminopeptidase; ESP: excretory-secretory products; MCD-1: multi-cystatin domain-1; MIF: migration inhibitory factor; MisL: autotransporter MisL; ML: muscle
larvae; mUb: mouse ubiquitin; P283: three copies of the minimal binding domain of Cd3; NBL: newborn larvae; pVAX1: plasmid VAX1; r: recombinant; ShdA:
autotransporter ShdA; Ts: Trichinella spiralis; TSL-1: T. spiralis antigens-group 1 from muscle larvae; TspSP-1.3: T. spiralis serine proteases; Tsp10: T. spiralis 31 kDa
antigen.

Table 2: Vaccine used in experimental T. spiralis infection in animal model.

Probiotics
The potential use of probiotics to control enteric infections has

generated tremendous interest in the last decade. Probiotics can
prevent enteric infections by three major strain-specific mechanisms
relying on modulation of the intestinal environment, immune
modulation and secretion of active molecules [22]. Lactobacilli are the
most commonly used probiotics. The inherent biological features allow
them to predominate and overcome the potential pathogens infecting
the human digestive tract. Lactobacillus casei is the most popularly
used probiotic for protection against T. spiralis infection. Several
strains of L. casei that have proven efficacy against trichinellosis
include L. casei ATCC 7469, L. casei ATCC469 and L. casei Shirota
strains [23-25]. L. casei administered to mice before T. spiralis
infection protected against T. spiralis infection, both in adult worms in
the intestine and ML, ranging from 78.6% to 100%, depending on the
challenging dose. In addition, immunoglobulin G (IgG) and IgA
antibody levels and interleukin 4 levels increased significantly in L.
casei-treated mice as compared with controls [24]. Temsahy et al.
reported the protective efficacy of new safe probiotic strains, L.
plantarum P164 and L. acidophilus P110, isolated from faeces of
breastfed infants, against experimental trichinellosis. L. plantarum
P164 was superior in parasitologic and histopathologic improvement
against T. spiralis infection [5]. This promising probiotic strain may be
a safe natural protective agent against T. spiralis infection.

Conclusion
Since its discovery in 1835 by Owen and Piaget, trichinellosis has

not been eradicated. There are many factors involved: the T. spiralis
complex life cycle, its lack of host specificity, different structural forms

and diverse ecological niches throughout the life cycle. Additionally,
the acute stage of infection often has no pathognomonic signs and in
most infected people, the diagnosis is concluded long after the
infection is established, when larvae have invaded the skeletal muscle
cells. With the growing evidence of the poor effect of drugs against
larvae and the difficulties in producing vaccines, new alternatives are
needed to control trichinellosis. Clearly, more basic research on the
pathogenic mechanism and molecular nature and function of
Trichinella antigens is needed to provide insights into new strategies.
In addition, emphasis should be given to applications of probiotics,
medical plant extracts and other biological agents.
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