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ABSTRACT

This study conducted a literature review to investigate the immunomodulatory effect of
levamisole in both humans and farm animals. The following procedure was followed for
database searching: PubMed, Google Scholar, Web of Science, and Cochrane Library. All
research works were updated to September 2022. The terms used in the literature search
were included: (“levamisole” OR “immunity” OR “immune system”) AND (“adjuvant” OR
“fish” OR “poultry” OR “farm animal” OR “cattle” OR “sheep”). The current review enlightens
the extensive potential of levamisole as an adjuvant immunotherapeutic agent and explains
its divergent applications beyond its antiparasitic use as an adjuvant, dietary supplement,
immunostimulant, antiviral, and anti-cancer drug in humans and farm animals. In the arti-
cles examined, various mechanisms have been proposed for levamisole immunoprotective
effects, but hormonal alteration and stress hormone reduction are indicated as the main
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mechanisms in various animal species.

Introduction

Intestinal parasites have a significant impact on the health
of both humans and domestic animals, leading to nota-
ble economic consequences. Helminth-related diseases
are estimated to affect approximately one-third of the
global population, particularly in developing countries
[1]. Intestinal parasite infection can induce high morbid-
ity and low mortality in domestic animals and humans [2].
Co-infections of parasites with specific bacteria, such as
Helicobacter pylori, have been reported to aggravate gas-
trointestinal and systemic diseases in humans and animals
[3].

In African countries, a higher prevalence of parasitic
diseases in children was reported due to the climatic con-
ditions and the low level of health status [4]. Iron defi-
ciency anemia, abdominal pain, and low weight gain were
reported as harmful effects of parasitic infections in the
body [5-7].

Levamisole, an old but useful antiparasitic, is used for
the treatment and prophylaxis of a number of parasitic
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infections [8]. It was developed as an anthelmintic drug in
1966 and was originally used in human and animal spe-
cies for the treatment of Trichuris trichiura, Ascaris lum-
bricoides, and hookworm infections [9]. It is an important
member of the imidazothiazole derivatives with little drug
resistance after one decade of continuous use (Fig. 1) [10].

In spite of the therapeutic efficacy and medical advan-
tages of levamisole, the Food and Drug Administration
banned its usage in 1998 for humans because of its
severe side effects, such as rash and agranulocytosis [11].
However, it is still used in developing countries, including
Iran [12]. Levamisole’s immunomodulatory effect occurs
through its effect on both stimulatory and inhibitory influ-
ences on the immune system. Furthermore, the anticancer
influence of levamisole was indicated by its influences on
various mechanisms of cancer cells, including interferons,
lymphocyte cycle, energy consumption, and granulocyto-
penia [13].

Levamisole has been extensively utilized for its immu-
nomodulatory properties in various diseases, such as
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Figure 1. Levamisole, imidazo(2,1-b) thiazole, and some derivative compounds of an

anticancer family substitute.

rheumatoid arthritis, where it is often administered in
combination with 5-fluorouracil. In addition, it has shown
promise in patients with colon cancer or melanoma [14].
Levamisole was used as an adjuvant for oral cancer radio-
therapy, which improved immunity by increasing lympho-
cyte subpopulations [15]. Recently, the positive influence
of levamisole on infectious viruses, especially coronavirus
disease 2019 (COVID-19), has been suggested [16].

In this review, we will review the beneficial effects of
levamisole as an immunomodulatory agent in various dis-
eases and conditions. The goal is to indicate levamisole’s
influence on the promotion of the innate immunity system
as well as the humoral immune response in humans and
farm animals.

Materials and Methods

Various studies have been conducted on levamisole's
influence on immunity as well as different bacterial and
viral diseases. The following procedure was followed
for database searching: PubMed, Google Scholar, Web of
Science, and Cochrane Library. All research works were
updated to September 2022. The terms used in the lit-
erature search were included: (“levamisole” OR “immu-
nity” OR “immune system”) AND (“adjuvant” OR “fish”
OR “poultry” OR “farm animal” OR “cattle” OR “sheep”).
Studies were included based on their quality and rate of
relevancy. Differences in inclusion and exclusion criteria
were resolved through the collaboration of the authors to
reach an agreement.
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Results and Discussion
Levamisole’s impact on the immune system

A wide range of compounds have been employed as immu-
nostimulatory agents in diverse conditions. While the
primary purpose of using immunomodulators is to pre-
vent and treat infectious diseases, they are also utilized
to address stress-induced immunosuppression, promote
neonatal immune system maturation, and develop strat-
egies to minimize the metabolic burden associated with
initiating an immune response [17]. Levamisole is well
known to have immunomodulatory properties, but the
influence of levamisole on various animals has not been
sufficiently clarified [18].

Dietary usage of levamisole as an immunomodulator
in farm animals and the fish production industry has been
suggested as a counterbalance for antimicrobial over-
use. The consumption of antibiotics has been extremely
increased in recent decades, and their negative effects
on human and animal health have already been reported
[19-21].

In fish species, the immunostimulatory potential of
levamisole is suggested to be because of improvements in
leukocyte production [22], an increase in the rate of oxi-
dative radical production [20], promotion of phagocytosis
[23], induction of cytotoxic cells [24], promotion of the oxi-
dative stress cycle in the cells [20], stimulation of lysosomal
activities [25-27], and induction of the complement sys-
tem [26], although its exact mechanisms of action are not
well understood. In aquaculture, the dose-dependent effect
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of levamisole has been suggested, and it seems that the
drug mainly affects the innate immune system. Levamisole
was well absorbed after oral administration (100 mg/kg)
for five consecutive days reducing stress indicators such
as cortisol levels and promoting the immune system in
belugas [28]. Pahor-Filho et al. [29] also reported that 15
days of oral administration of levamisole reduced corti-
sol levels amid stress responses and promoted immunity
against Aeromonas hydrophila infection in fish (Piaractus
mesopotamicus) [29]. It is worth noting that both studies
showed similar results when assessing the respiratory
burst of leukocytes, complement system hemolytic activ-
ity, activity of serum lysozyme, and plasma cortisol levels.
Altogether, levamisole reduced stress and improved the
innate immune system in different fish species. Most of the
positive effects of levamisole seem to be the consequence
of hormonal alteration in fish through the nervous system
[29]. Recent research in mice and fish reported the immu-
nostimulatory effect of levamisole could be induced by
decreasing corticosterone levels [29,30]. Further studies
have been considered to investigate compounds contain-
ing levamisole in fish, and adding levamisole to the fish
diet has been suggested.

The humoral immune response to levamisole was also
promoted in neonatal Jersey calves by weekly levamisole
administration. Levamisole HCI use in the first hour after
birth (3 mg/kg) in calves significantly altered serum cho-
lesterol, LDL , HDL, triglycerides, cortisol, and white blood
cells (WBCs) within the normal reference range [31]. In
another study, levamisole administration by oral route (2
mg/kg) was evaluated in 30 1-2-day-old Holstein calves
three times every other day. Oral administration of levam-
isole had no significant change in the main parameters,
such as hematocrit, WBCs, differential leukocyte count,
total serum protein, and disease occurrence, when com-
pared to the control group. However, the quantity of neu-
trophils and monocytes was significantly different, as were
the levels of gamma globulin, in comparison to the control
group on days 14, 21, and 28, respectively [32].

Moreover, the immunostimulatory effect of levami-
sole supplementation was examined in periparturient
Holstein-Friesian crossbred dairy cows at the late ges-
tation stage. It significantly improved blood antioxidant
parameters, including malondialdehyde, glutathione
peroxidase, glutathione-S transferase, and superoxide
dismutase, after using four doses of levamisole before par-
turition. Serum and colostrum total immunoglobulin (Ig)
G levels after parturition improved in levamisole-treated
groups [33]. However, two doses of levamisole adminis-
tration in pre-parturient Jersey and Holstein dairy cows
did not improve blood antioxidant parameters or postpar-
tum reproductive performance [34]. The positive effect of
levamisole on the reproductive system of cattle has been
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detected by an improvement in fertility rate after insemi-
nation. Not only did the rate of uterine infection decrease
after artificial insemination but also the level of plasma
progesterone before pregnancy dramatically increased
with the stimulatory dose of levamisole [35].

In another study, the immunostimulatory potential of
levamisole administration on day 1 was detected in lambs
with higher weight gain in the treatment group [36]. The
combination of levamisole with a number of ovine vac-
cines resulted in increased short- and long-term immuno-
protection, which was evaluated by examining the main
parameters in blood samples [37,38].

Levamisole’s impact on the immune system of weaned
pigs has been thoroughly examined and extensively stud-
ied [39-42]. Oral or injectable administration of levami-
sole has been studied for weight gain, mucosal protection
by assessment of IgA status, and humeral immune stim-
ulation at different ages in pigs [41]. Concomitant use of
levamisole with viral and bacterial vaccines in pigs has
shown that levamisole not only improves antibody pro-
duction but also increases the half-life of antibodies in pigs
[43-46]. Interestingly, levamisole reduced cortisol levels
after experimentally induced stress on pigs for 16 days. A
reduction in the recovery period of the immune system,
detected after levamisole administration 1 week after the
termination of stress, proved that levamisole can act as
an anti-stress drug [47]. Collectively, the greatest effect of
levamisole in large and small ruminants can be attributed
to its effect on the susceptible stages of immune system
function, including the parturition period as well as neo-
natal immunity and well-being. It seems that the impact
of levamisole on the level of immunity and the subsequent
reduction of stress hormones has improved the immune
system in cattle and sheep, which has been confirmed by
blood tests [36,48]. More extensive studies on the effect
of levamisole synergist use with other substances in large
and small ruminants are suggested. In addition, a compari-
son of the continuous usage of levamisole in the short-term
safety-sensitive period of the diet compared to injection is
also suggested. Recent studies have investigated the man-
ufacturing of nanomedicines based on highly toxic com-
pounds [49]. Due to the high sensitivity of cattle and sheep,
the production of nanolevamisole and its investigation in
cattle and sheep are also recommended.

The beneficial effects of levamisole on poultry immu-
nity, disease control, and vaccination benefits in industrial
poultry production have been widely suggested. Many dis-
eases in poultry debilitate the immune system, leading to
the use of high amounts of antibacterial drugs to reduce
the morbidity and mortality rates of chickens [50]. The
application of levamisole to improve poultry immunity is
indicated in low feed quality and stressful conditions [51].
Experimental infection of sporulated Coccidian oocysts in
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170-day-old chickens along with oral administration of
levamisole as an immunomodulatory compound demon-
strated better weight gain, lesser mortality and morbid-
ity, as well as a higher antibody response in the treatment
group compared to the control group. It was revealed that
when levamisole was used alone, without anticoccidial
drugs, it could not improve chicken immunity or flock per-
formance, but it promoted flock performance when used
in combination with anticoccidial drugs [52]. Moreover,
Newcastle disease (ND)/avian influenza (Al)-oiled vac-
cine administration along with levamisole oral usage
revealed better immunity in ducklings. Serum IgG titers
and the secretion of both Th1- and Th2-related cytokines
increased in levamisole-treated groups compared with
control, which indicated that levamisole is a useful adju-
vant [53]. It has also been shown that levamisole admin-
istration might reduce the destructive effects of copper
toxicity on the immune system in broiler chickens [54].
Altogether, immunostimulating effects of levamisole were
detected in poultry, which might clarify levamisole admin-
istration in immunosuppressive diseases such as infec-
tious bursal and ND.

Levamisole’s impact on the human immune system has
been the subject of numerous studies over the years. The
greatest effect of levamisole on the treatment of human
atopic diseases has been suggested with reduced symp-
toms, including sneezing, itching, nasal congestion, and
redness of the eyes, by reduction of cytokine sensitiza-
tion [55]. The impact of levamisole on innate immunity
has shown that levamisole can increase the expression
of CD80, CD86, and CD83 as well as the human leukocyte
antigen D-correlated receptor on the cell membrane of
dendritic cells and, as a result, increase the stimulation
of Th1 cells [13]. The influence of levamisole on humoral
immunity has been examined by inducing Th2 and T cyto-
toxic cells [13,56]. Many studies have suggested that the
impact of levamisole on atopic diseases can also have an
influence on the ratio between Th (1/2) cells as well as
cytokine status [55,57]. Moreover, the impact of co-ad-
ministration of levamisole on the human immunodefi-
ciency virus-1 vaccine in mice indicated an improved
vaccine response by reducing cytokine production [58].
Combinations of levamisole with antibacterial drugs have
been suggested for the treatment of chronic bacterial dis-
eases, including brucellosis [59,60] and Escherichia coli
infections [61]. The protective effect of levamisole against
bacterial infections has been shown, which is related to the
enhancement of monocyte phagocytosis and T3 cell num-
bers [62]. According to the mentioned studies, levamisole
could be used as an immunostimulative drug in combina-
tion with other antibacterial as well as anti-viral drugs.
However, further study is recommended for detecting the
exact mechanism of levamisole in human immunity.
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Levamisole used for adjuvant therapy in vaccination
programs

Neonatal humans and animals are very vulnerable to
microbial pathogens, and their immunity mostly depends
on the effectiveness of passive immunity [63]. The survival
rate during this period depends on the neonatal adaptation
to extrauterine life. Passive immunity is mainly transferred
by colostrum in mammalian species. Colostrum consump-
tion by neonates and IgG transfer to them are indicated as
the first immunity defense system for neonates.
Immunoglobulin concentrations in colostrum are sug-
gested to be related to the mortality and morbidity of calves
with pneumonia [64]. At the early stage of life, passive
immunity effectively reduces disease status by promot-
ing immunoglobulin levels in the first weeks of life [65].
Immaturity of the immune system in neonates is an indica-
tion for levamisole use to protect the gastrointestinal tract,
especially against various strains of E. coli. The combina-
tion of adjuvant with various bacterial vaccines improved
the protective potential of vaccination, especially in the
early stages of life [61]. Levamisole has been used as an
oral adjuvant for stimulation of the mucosal immune sys-
tem [41]. Intensive studies have been conducted recently
to evaluate protocols of levamisole administration for
nonspecific immunoprophylaxis in neonatal vaccination
[41,63]. The protective effect of levamisole was observed
in weaned pigs that are infected with the F4ac+ entero-
toxigenic E. coli strain, as indicated by the observation of
intestinal villous M cells and the assessment of IgA levels.
The combination of levamisole and vitamin E has been
utilized as an immune system stimulator in calves. Its ben-
eficial effect has been observed in promoting the humoral
immunity of calves and enhancing their immunity against
neonatal infections in the field [31]. The effects of a com-
bination of trace elements and vitamins with levamisole
on the immunity of 135-day-old chicks were examined in
coccidial vaccination, which resulted in better weight gain
in chickens, higher antibody titers, and lower mortality
[52,66]. Furthermore, the protective effect of this combi-
nation has been suggested against aflatoxicosis in broiler
chickens [67]. Moreover, levamisole was administered to
29-day-old chicks for 3 days, and its protective effect was
detected by a delayed-type hypersensitivity reaction test.
Levamisole not only increased cellular immune response
but also improved flock performance parameters when
co-administered with the infectious bursal disease vac-
cine [43]. Irmak et al. [44] evaluated the effect of con-
comitant oral administration of levamisole with routine
medications on treating chronic brucellosis in humans.
The results showed that all patients in the levamisole
group showed improvement, and there was a significant
difference in the 6-month treatment process between the
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treatment and control groups. The assessment of blood
parameters showed that levamisole increased the immune
cell status and immunity response in chronic brucellosis
[44]. In addition, co-administration of levamisole with the
Brucella vaccine has been suggested for the enhancement
of humoral and cell-mediated immunity [45]. According
to the mentioned studies, levamisole as an adjuvant has
had a significant effect on the performance of vaccines in
humans and farm animals. Examining the effect of levami-
sole on viral vaccines is the same as on bacterial vaccines,
and the use of levamisole can be recommended as an adju-
vant based on recent studies.

The effect of levamisole administration on endometriosis

Endometriosis, a medical condition represented by the
growth of tissues resembling the lining of the womb in
locations outside the uterus, has been recognized for
numerous decades and is not considered a condition that
resolves on its own. However, aberrant active and passive
immune responses seem to be essential for ectopic endo-
metrial proliferation. Unfortunately, the endometriosis
pathophysiology is not very clear, and it is believed that
endometrial cells evade apoptosis and the immunosurveil-
lance system in the peritoneal cavity [65]. Recent studies
have revealed that several factors contribute to endome-
triosis, including reduced T cell reactivity and natural
killer cytotoxicity, activation of B cells, elevated antibody
production, increased number and activation of peritoneal
macrophages, and alterations in inflammatory mediators

[46]. Levamisole was used in experimental endometrio-
sis, either alone or in combination with other agents, as
a treatment approach. The experimental and randomized
human-based studies revealed a reduction in endometri-
osis following levamisole treatment. Reports suggest the
potential efficacy of levamisole in preventing and treating
endometriosis, with indications that it may be as efficient
as leuprolide in causing retrogression of endometriotic
implant volume [68,69]. Further studies are recommended
for clarifying the main levamisole mechanism of action in
endometriosis. Also, the combination of levamisole with
other immunoprotective agents could be investigated
for reducing the endometriosis rate in farm animals and
human papulations.

Anticancer potential of levamisole

Many studies have examined the anti-cancer and adjuvant
effects of levamisole in the treatment of various cancers
(Fig. 2) [66,67,70]. Recent research has investigated the
immunomodulatory effects of levamisole in combination
with chemotherapy on the expression of specific antican-
cer markers. It has shown a potential reduction in breast
tumor development through the induction of tumor necro-
sis factor-related apoptosis-inducing ligand (TRAIL) [71].
Levamisole was used in combination with taurine for the
prevention of Ehrlich ascites in carcinoma-bearing infected
mice. This combination reduced tumor cell development
and potentiated the efficacy of anticancer chemotherapy
by reducing their immunosuppressive adverse effects

:

' Anticancer mechanism of levamisole '
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l

Figure 2. The main anticancer mechanism suggested for levamisole and its derivatives.
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[67]. In an in vitro evaluation of levamisole on multiple
myeloma, the rate of growth of the cell lines decreased in
a dose-dependent pattern. Expression of CD138 on the
cancer cell membrane and interleukin-6 secretion from
the cell for apoptosis inhibition suggested that levamisole
could be used as a supplementary treatment for multi-
ple myeloma [72]. Levamisole also induced apoptosis by
inducing tumor necrosis TRAIL in five human lung cancer
cell lines (HCC827, H1975, H157, H460, and A549), which
showed the antitumor potential of levamisole. Moreover, in
vivo assessment highlighted the blocking effect of levami-
sole on the cell cycle in the GO/G1 phase of lung cancer cell
lines [70]. Furthermore, levamisole has been utilized as an
adjuvant to a chemotherapy regimen in colon cancer treat-
ment and has improved the healing process and reduced
tumor proliferation [73]. Levamisole has also been utilized
as an immunomodulator for canine malignant mammary
neoplasms [71]. Co-administration of levamisole with
5-fluorouracil is also suggested for various cancer thera-
pies, such as colon cancer; however, long-term administra-
tion of levamisole with a high dosage caused various side
effects, including vomiting, which prevented levamisole
usage in all patients [74]. The effectiveness of levamisole
and Tarantula cubensis, a homeopathic drug derived from
spider venom, as anti-tumor treatments for teat papilloma-
tosis in cows was compared. Histopathological and antiox-
idant evaluations demonstrated the anticancer properties
of levamisole. The levamisole treatment group showed
significant growth inhibition. However, it was reported
that the Tarantula cubensis extract exhibited even higher
effectiveness in treating teat papillomatosis compared to
levamisole [75].

Angiogenesis is recognized as a complex process involv-
ing numerous angiogenic factors. Notably, tumors heavily
rely on angiogenesis, and inhibiting this process is consid-
ered a potent strategy for cancer treatment [76]. Several
studies have been conducted for the assessment of mul-
tiple aspects of the anti-angiogenic properties of levami-
sole [77-79]. Friis et al. [80] showed that levamisole can
inhibit the angiogenesis of tumors in vitro and in vivo by
inhibiting vascular endothelial growth factor. Moreover,
it was suggested that levamisole mimics the function of
nonsteroidal anti-inflammatory drugs and inhibits endo-
thelial cell proliferation, migration, and tube formation
[80]. Wang et al. [81] evaluated the effect of levamisole on
an ovarian cancer cell line. They observed that levamisole
exhibited a substantial effect on decreasing the rate of pro-
liferation and growth of ovarian cancer cells in a dose-de-
pendent manner [81]. Concomitant use of levamisole with
common anticancer drugs such as chlorambucil, leucovo-
rin, and fluorouracil has been shown to be strongly syn-
ergistic, and as a result, researchers have recommended
the concomitant use of levamisole with anticancer agents
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[82,83]. Collectively, levamisole’s anticancer potential has
been detected in various studies in combination with other
chemotherapy and anticancer drugs. Based on the men-
tioned studies, levamisole alone didn’t have a high protec-
tive effect as an anticancer drug, and the synergistic effect
of levamisole is more important in anticancer treatment.
However, the anti-angiogenic capability of levamisole
could be considered the main tumor inhibitory factor, as
mentioned in in vitro and in vivo research indicating multi-
ple aspects of the anti-angiogenic properties of levamisole
[77-79].

Antiviral effects of levamisole supplementation

A number of studies have evaluated the efficacy of levami-
sole as an immunostimulant against viruses [84,85]. They
applied levamisole in two main ways: as an adjuvant with
vaccines and as a supplementary therapy [84].

Traditionally, vaccines are often formulated with oil
used as an adjuvant. Nowadays, new ingredients, espe-
cially immunostimulatory compounds, have been used as
adjuvants to prevent infectious diseases and improve the
benefits of vaccination programs [86]. Many studies have
shown that using levamisole with the hepatitis vaccine can
increase the immunogenicity of the vaccine and decrease
its adverse effects [87,88]. Furthermore, in poultry pro-
duction, the effects of levamisole as an adjuvant on the effi-
cacy of infectious bursal disease, Newcastle, and Al (H5N1)
vaccines have been studied [43,89,90].

Interestingly, a number of studies have indicated the
beneficial effect of levamisole on foot and mouth disease
(FMD) in animals [91,92]. The immunostimulatory effect
of levamisole was demonstrated in buffaloes vaccinated
with FMD serotypes O, A, and SAT2 [91]. Co-administration
of levamisole with the FMD vaccine enhanced humoral and
cell-mediated immunity in vaccinated sheep at 8 and 14
weeks after levamisole use [92]. In another study, levami-
sole significantly increased antibody titers in serum; how-
ever, the colostral antibody was not significantly different
in the control and experiment groups [93].

Recently, the effects of levamisole on the treatment,
control, and management of COVID-19 have been exam-
ined. COVID-19, a global disease with high morbidity and
mortality, occurs with severe acute respiratory symp-
toms. It affects multiple organs, particularly the lungs,
and manifests with pulmonary symptoms, including acute
lung injury and acute respiratory distress syndrome. In
addition, COVID-19 infects other systems, including the
cardiac and nervous systems, as well as causing pancre-
atic malfunction and kidney failure [94,95]. The systemic
manifestation of COVID-19 is linked to the extensive dis-
persion of angiotensin-converting enzyme 2 receptors
throughout the body [96]. Most studies indicated that the
main effect of levamisole was on the respiratory system,
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as seen by its in vitro use on lung cancer cell lines [70].
Moreover, inhibition of papain-like protease activity in the
coronavirus cell cycle as well as activation of glucocorti-
coid receptors for the protection of the kidney are sug-
gested as the mechanisms by which levamisole protects
against COVID-19 [97]. Importantly, the beneficial effects
of levamisole were reported for the reduction of viral diar-
rhea in patients infected with COVID-19 [98]. Levamisole
has been orally administered to outpatients with COVID-
19. Levamisole increased the general health condition and
decreased the rate of developing fever, chills, and myalgia.
However, during therapy, there was a nonsignificant alter-
ation in dyspnea, cough, diarrhea, nausea, vomiting, sore
throat, hyposmia, dysgeusia, and anorexia compared to the
control group [99]. Interestingly, levamisole derivatives
could be used as the main drug for COVID-19 treatment
because they contain the molecule N°6 structure in levam-
isole, which could be further developed to stop the COVID-
19 pandemic [100]. Altogether, it can be concluded that
levamisole and its derivatives can be used in the future as
antiviral drugs. Utilizing levamisole has been suggested as
a complementary therapy in the management of viral dis-
eases, but levamisole should be taken cautiously to avoid
its side effects in susceptible patients. Some studies have
reported skin reactions in patients who were allergic to
levamisole. Skin reactions also occurred in cases of levam-
isole poisoning [101].

Conclusion

It seems that levamisole is widely used as an anthelmin-
thic, anti-cancer, anti-viral, and immune system-inducing
agent in humans and animal species. In the articles exam-
ined, various mechanisms have been proposed for levam-
isole immunoprotective effects, but hormonal alteration
and stress hormone reduction were indicated as the main
mechanisms in various animal species. More investigation
is required to explore the variety of levamisole functions
and its potential applications in the prevention and treat-
ment of diseases in humans and a wide range of animal
species.
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