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Abstract
Giardia duodenalis is a common cause of infection in children and travelers. The most frequent symptom is diarrhea in these 
patients. G. duodenalis trophozoites use a highly specialized adhesive disc to attach the host intestinal epithelium to induce 
intestinal damages. Pathological features of the small intestine following giardiasis include villous atrophy; infiltration of 
granulocytes, lymphocytes, and plasma cells into the lamina propria; and nodular lymphoid hyperplasia. The disturbed 
intestinal microbiota has been observed in patients with giardiasis. Therefore, a growing body of evidence has emphasized 
restoring the gut microbiome by probiotics in giardiasis. This study aimed to review the literature to find the pathologic 
features of giardiasis and its relationship with imbalanced microbiota. Then, benefits of probiotics in giardiasis and their 
potential molecular mechanisms were discussed. It has been illustrated that using probiotics (e.g., Lactobacillus and Sac-
charomyces) can reduce the time of gastrointestinal symptoms and repair the damages, particularly in giardiasis. Probiotics’ 
capability in restoring the composition of commensal microbiota may lead to therapeutic outcomes. According to preclinical 
and clinical studies, probiotics can protect against parasite-induced mucosal damages via increasing the antioxidant capacity, 
suppressing oxidative products, and regulating the systemic and mucosal immune responses. In addition, they can reduce the 
proportion of G. duodenalis load by directly targeting the parasite. They can destroy the cellular architecture of parasites and 
suppress the proliferation and growth of trophozoites via the production of some factors with anti-giardial features. Further 
researches are required to find suitable probiotics for the prevention and treatment of giardiasis.
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Introduction

Giardia duodenalis (synonymous with G. intestinalis and G. 
lamblia) is an enteric flagellated protozoan and a common 
leading cause of infection known as giardiasis in children 
and travelers (Dargahi et al. 2017). It infects up to ~ 28.2 mil-
lion worldwide, with 500,000 new cases every year (Ryan 
et al. 2019). Giardia infections lead to a wide range of mani-
festations, from asymptomatic infection to chronic diarrhea 
with long-term consequences (Robertson et al. 2010). G. 
duodenalis has been listed as WHO’s Neglected Diseases 
Initiative (Savioli et al. 2006). Eight different morphologi-
cally similar but genetically distinct species (A–H) have 

been identified. Assemblages A and B with zoonotic poten-
tial can infect humans and a wide range of animals (Cacciò 
et al. 2018).

G. duodenalis has long been considered for its ability to 
lead to acute or chronic diarrhea and other complications, 
e.g., epigastric pain, nausea, vomiting, and anorexia, weight 
loss, malabsorption, steatorrhea, growth retardation, and 
development of extra-intestinal and post-infectious compli-
cations (Halliez and Buret 2013; Ratanapo et al. 2008; Wensaas 
et al. 2012). The common symptoms can be observed typi-
cally 2 weeks after infection, which are usually mild (Buret 
2008). Malabsorptive diarrheal disease is the main result of 
pathologic features induced by G. duodenalis trophozoites 
(Cotton et al. 2011). The altered composition of intestinal 
microbiota observed in patients with immunological disor-
ders (e.g., common variable immunodeficiency) increase the 
susceptibility to Giardia infection (Deng et al. 2001). Giar-
diasis can be controlled by inactivation of cysts (found in the 
environment and swallowed from mouth) and trophozoites 
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(released from cysts) that are able to attach the intestinal 
epithelium and invade the host (Adam 2001; Escobedo and 
Cimerman 2007). G. duodenalis uses the ventral disc to bind 
to the host intestinal epithelium and apply its effects via 
mechanical and inflammatory factors (Hanevik et al. 2007).

Up to now, no specific vaccines have been introduced 
against Giardia infection. Using hygiene and sanitation can 
help to control the infection (Olson et al. 2000). There are 
some specific medications for treatment of giardiasis, such 
as 5-nitro derivatives of imidazole (tinidazole and metroni-
dazole), furan, and thiazole, (Watkins and Eckmann 2014). 
However, they are accompanied by several unpleasant side 
effects (e.g., metallic taste) and can increase the level of 
treatment failure and drug resistance in many poor patients 
(Upcroft 1998). These results have encouraged researchers 
to examine the effects of alternative therapeutic approaches, 
such as probiotics (Shukla et al. 2008), plant extracts (Ponce-
Macotela et al. 1994), active components of plants (Said 
et al. 2012), and bee products (Freitas et al. 2006) that are 
safe, inexpensive, and an effective choice to protect and treat 
the intestinal parasitosis (Upcroft and Upcroft 2001).

It was shown that infection with G. duodenalis might 
induce alterations in species diversity and composition of 
commensal microbiota with an essential role in gut homeo-
stasis (Fekete et al. 2021). Disturbed microbiota in giardiasis 
contributes to dysregulated lipid metabolism, and decreased 
adipose tissue and body weight, leading to growth impair-
ment (Riba et al. 2020). Also, interactions between the 
microbiome and immune system are an important factor in 
giardiasis (Al-Megrin et al. 2021). The therapeutic strat-
egies to restore the normal gut microbiota via probiotics 
administration may prevent or treat giardiasis via several 
molecular mechanisms (Ventura et al. 2018). Findings of 
clinical studies indicated beneficial effects of probiotics on 
gastrointestinal (GI) diseases (e.g., diarrheas, GI disorders, 
elimination of Helicobacter, irritable bowel syndrome, and 
inflammatory bowel disease) (Markowiak and Śliżewska 
2017). Probiotics offer a number of potential health ben-
efits for GI diseases by surrogating normal gut microbiota, 
leading to increasing the secretion of antimicrobial agents, 
neutralizing toxins, repairing mucus layer, interfering with 
attachment of microorganism, regulating immune responses, 
or a combination of these mechanisms (Goyal et al. 2011; 
Schroeder 2019).

In the present study, we aimed to review pathological 
features of giardiasis with focusing on the gut microbiota 
impairment. Recently, preclinical and clinical studies have 
shown that probiotics can be prescribed for the preven-
tion and treatment of Giardia infection. Several probiotic 
microbes have been illustrated to have anti-giardiasis prop-
erties. Therefore, beneficial effects of probiotics against 
giardiasis were reviewed by emphasizing the underlying 
molecular mechanisms.

The pathogenesis of Giardia duodenalis

Direct contact of G. duodenalis with the villi in the small 
intestine and subsequent tissue damages induces symptoms 
in patients (Ankarklev et al. 2010). The pathogenesis of 
Giardia can be understood by an ecological perspective on 
giardiasis (Frank and Pace 2008). For initiation of giardiasis 
in humans, ten environmentally resistant cysts are enough. 
During the GI transition of cysts, they are changed as rep-
licative and motile forms, so-called trophozoïtes (Cotton 
et al. 2011). These forms of parasite proliferate in the gut 
lumen, firmly attach to the epithelium with a highly special-
ized adhesive disc, and mainly induce symptoms including 
abdominal pain, diarrhea, nausea, vomiting, and weight loss. 
At the same time, half of the infections are asymptomatic 
(Lamireau and Enaud 2017). Raising the number of tropho-
zoites to 106/cm in the intestine can increase its permeabil-
ity. The higher amount of parasitic material may promote 
pro-inflammatory responses of intestine via translation to 
subepithelial regions (Cotton et al. 2015). Moreover, the 
ability of G. duodenalis isolates in invasion of host tissues 
was recently investigated in an animal model of the gerbil. In 
this study, G. duodenalis belonged to assemblage A, genetic 
group A, harvested in the log phase from duodenal fluid of 
a case with intraepithelial Giardia infection (see Martínez-
Gordillo et al. 2014), and subsequently introduced into the 
gerbil (Reynoso-Robles et al. 2015). Attachment of these 
pathogens to the lumen of the intestine is responsible for 
a wide range of histopathological features via mechanical 
and inflammatory mechanisms (Farthing 1997). Early defini-
tions of intestinal malabsorption was related to the Giardia 
trophozoites competing for host nutrients, or they act as a 
mechanical barrier and inhibit absorption (Katelaris and 
Farthing 1992).

Oxidative stress also plays a significant role in the patho-
genesis of G. duodenalis (Dargahi et al. 2017). As a defense 
mechanism, invading the host tissues by pathogens leads to 
the generation of free radicals, e.g., reactive oxygen species 
(ROS). Increasing ROS results in lipid peroxidation and oxi-
dative stress (Argüello-García et al. 2015). The serum level 
of malondialdehyde (MDA, a final product of lipid peroxida-
tion as a result of oxidative stress) might be considered as 
a main biomarker of the acute phase of giardiasis (Kadhim 
and Al-Naemy 2020). Nitrosative stress and associated reac-
tive species in the human intestine induce cytotoxicity in G. 
duodenalis (Lloyd et al. 2003).

The GI mucosal barrier plays a vital role in the absorption 
of nutrient, regulation of the immune system, and limiting 
the transportation of harmful exogenous and endogenous 
antigens and microorganisms (Helander and Fändriks 2014; 
Salvo Romero et al. 2015). This barrier is composed of two 
main components, including a produced mucus layer with 
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highly glycosylated mucin proteins overlying the second 
component, the intestinal epithelium (Vancamelbeke and 
Vermeire 2017). The severe structural damage of mucosa 
is related to a variety of GI diseases (Meddings 2008). Fur-
thermore, GI barrier dysfunction has been recorded seen 
during the infections induced by GI pathogens (Berkes et al. 
2003; Chin et al. 2002). Giardiasis also is related to GI bar-
rier dysfunction (Buret 2007). GI barrier dysfunction, along 
with increased intestinal permeability, during giardiasis is 
induced by several mechanisms, such as activated myo-
sin‐light‐chain kinase and enhanced rates of apoptosis in 
intestinal enterocytes (Troeger et al. 2007). Giardia infection 
children and adults is accompanied by a broad range of path-
ological alterations in the small intestine, e.g., intraepithelial 
lymphocytosis, villous atrophy, infiltration of granulocytes, 
lymphocytes, and plasma cells into the lamina propria, and 
nodular lymphoid hyperplasia (Koot et al. 2009). Following 
Giardia infection, the immune cells of Peyer’s patches (PP), 
especially their resident macrophages, play a vital role in 
the initial phases of effective immune responses (Carlson 
et al. 1986).

Increased intestinal permeability and epithelial barrier 
dysfunction after giardiasis are associated with disrupted 
cellular tight junctional ZO-1 and F‐actin. It seems that this 
event can be regulated in part through the caspase‐3 and 
myosin‐light‐chain kinase actions (Chin et al. 2002; Scott 
et al. 2002). The epithelial barrier dysfunction allows lumi-
nal antigens to stimulate host immune‐dependent signaling 
pathways (Fink and Singer 2017). Infiltration of different 
types of immune cells (including macrophages, T cells, and 
neutrophils) and secretion of antibodies (e.g., IgA, IgG, and 
IgM) are essential for the resolution of Giardia infection 
(Hawrelak 2003). In addition, the secretion of α-defensins 
by Paneth cells in the gut act as anti-giardial agent (Klotz 
and Aebischer 2015). Histopathological findings confirmed 
that there were a significant inflammation in mucosal tissues 
of the small intestine in infected individuals and G. muris-
infected animal models (Campbell et al. 2004; Craven et al. 
2012; Scott et al. 2004). Accordingly, an increased number 
of intra-epithelial lymphocytes and mast cell hyperplasia 
have been observed in the post-infection period (Hardin 
et al. 1997).

Furthermore, increased levels of pro-inflammatory 
cytokines and chemokines have been reported. The upregu-
lation of interlukin-17A (IL-17A) was observed during 
Giardia infections in both cattle and mice (Dann et  al. 
2015; Dreesen et al. 2014; Grit et al. 2014). It has been 
revealed that restimulation of CD4+ T cells isolated from 
human patients infected with Giardia can enhance the regu-
lation of IL-177. Subsequently, IL-17A induces the secre-
tion of complement factors and antimicrobial peptides and 
also regulates the production of specific IgA in the intestine 
(Dann et al. 2015; Paerewijck et al. 2017). In the neonatal 

mice model of giardiasis, the initiation of protective immune 
response in the intestine has been featured by the upregu-
lation of IL-17A and mannose-binding lectin-2 (MBL-2), 
and the production of parasite-specific IgA (Paerewijck et al. 
2019). Thereby, the attachment of these components to the 
Giardia trophozoites is essential to clear the infection from 
the intestine.

It has been confirmed that mutant mice models lacking 
mature B cells, IgA production, the functional polymeric 
immunoglobulin receptor A (pIgR), or IL‐17A failed to 
modulate the infection induced by G. duodenalis or the 
murine species G. muris. These findings highlighted the 
prominence of humoral immunity and Th17 cells for the reg-
ulation of giardiasis (Dann et al. 2015; Dreesen et al. 2014; 
Singer 2016). It has been recently reported that differential 
activity of Th17 cells, production of IgA, and regulatory 
responses of T cells attributed to variations in susceptibil-
ity of inbred mouse lines toward infection with G. muris 
(Yordanova et al. 2019). Over the past decade, it has been 
reported that both IgA production and Th17 cell activity 
are regulated by eosinophils during the parasite infection 
(Shah et al. 2020; Strandmark et al. 2016). The healthy 
small intestine contains a high proportion of eosinophils, 
which stimulate the development of PP and secretion of 
intestinal mucus, induce the homeostatic IgA class switch-
ing (Jung et al. 2015), and also limit the function of intes-
tinal Th17 cells (Sugawara et al. 2016). The evidence from 
in vitro studies proved that the chemokine profile induced 
by G. duodenalis is unlike the host responses commonly 
found within other GI pathogens, whereby parasites sig-
nificantly enhanced the gene expression of CCL20, CCL2, 
and CXCL1-3 (Roxström-Lindquist et al. 2005). Besides, 
tumor necrosis factor-alpha (TNF-α) and IL-6 contribute to 
protection against G. duodenalis infection and determine 
the parasite burden (Zhou et al. 2007). The host immune 
response against parasitic infections is directly affected by 
cytokines. Increased levels of IL-2, 6, 17, and 23 in patients 
with Giardia infection are the results of immune response 
and local intestinal inflammation (Mitra et al. 2012). Deter-
mining the relationship between cytokines (including TNF-α 
and ILs (IL-2, IL-4, IL-10)) and giardiasis in 42 patients 
infected by G. duodenalis confirmed the important role of 
IL-4 as an inflammatory regulator. However, TNF-α was 
not detected in these patients (Baqai et al. 2000). In another 
study on patients with giardiasis, it was demonstrated that 
the levels of blood serum IL-5 and Ig E (2 times), IL-6 (2.5 
times), and interferon-gamma (IFN-γ) (4 times) were higher 
than healthy controls (Matowicka-Karna et al. 2009). In an 
animal study, it was shown that the exposure of lamina pro-
pria of mouse small intestine to G. duodenalis trophozoites 
increased the levels of IL-1β, IL-17A, IL-17F, and IFN-γ, 
whereas levels of IL-13, IL-5, and IL22 were not changed 
or decreased (Lee et al. 2019).
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Gut homeostasis and healthy function are related to the 
role of term intestinal microbiota, as it is frequently changed 
during GI diseases. In the intestine microenvironment, 
trophozoites compete with the commensal microbiome 
for ecological and nutrient niches (Singer and Nash 2000). 
During the Giardia infections, compositional and functional 
alterations in the intestinal microbiota have been verified, 
including disturbance of the microbial biofilm structure, 
and virulence difference in commensal species diversity 
and abundance (Beatty et al. 2013). The intestinal micro-
biome interacts with Giardia via both direct and indirect 
mechanisms. These interactions can control host immune 
responses, mucus barrier function, metabolism, and pain 
signaling, even after parasite clearance. In contrast, the 
microbiota direction exhausts the Giardia pathogenesis via 
colonization resistance, uncontrolled immune responses, and 
villus atrophy (Fekete et al. 2021).

Taken together, a better understanding of the mechanisms 
underlying giardiasis may help to develop novel, effective 
therapeutic strategies. In addition, preclinical and clinical 
studies have emphasized the critical role of the microbi-
ota and the possible implications of probiotics in Giardia 
infection.

Giardia, gut microbiome, and probiotics

It is well known that the gut microbiota has a significant 
role in human health through fermenting non-soluble fib-
ers, impeding colonization by pathogenic components, and 
stimulating immune responses (Ding et al. 2019; Sharma 
et al. 2010). The association between gut microbiota and 
body health leads to a complex ecosystem, where changes 
in one side can lead to a reaction in the other (Berrilli et al. 
2012). It was suggested that the composition of gut micro-
biota could affect the process of G. duodenalis infection. 
The post-infectious outcomes of Giardia infection might 
be due to microbiota dysbiosis (alterations of composition 
and enhanced pathogenic bacteria) induced by the parasite 
following the acute phase of disease (Buret et al. 2015). In 
another study, it was demonstrated that infection with G. 
duodenalis disrupted the gut microbiota and bile homeosta-
sis in a mice model, leading to metabolic dysregulation and 
growth impairment (Riba et al. 2020). As offered by pre-
vious researches, specific compositions of the microbiome 
may impact resistance and susceptibility to the colonization 
of G. duodenalis (67).

In the GI tract of a healthy human, the intestinal mucosa 
has close contact with multispecies biofilms encompassing 
the microbiota. These communities may influence intesti-
nal homoeostasis and disease (Kleessen and Blaut 2005; 
von Rosenvinge et al. 2013). It has been demonstrated that 

bacterial biofilm covering the gut mucin phylogenetically 
and metabolically differ from those growing in a plank-
tonic phase (Macfarlane et al. 2005). Findings from a study 
indicated that G. duodenalis infection disrupted intestinal 
microbiota and promoted bacterial invasion. These altera-
tions resulted in the disruption of tight junction in intestinal 
epithelial cells, apoptosis, and facilitating bacterial trans-
location through the epithelial barrier (Beatty et al. 2017). 
It was demonstrated that the distribution of gut microbiota 
composition via antibiotics (without affecting the parasite) 
limited the efficiency of disaccharidases, inhibited the acti-
vation of CD8+ T cell, and also did not alter the proportion 
of lamina propria CD4+ T cells and T cell receptor–express-
ing lymphocytes observed in the mouse model of giardiasis. 
These findings indicated that commensal bacteria might con-
tribute to activation of CD8 + T lymphocyte during the acute 
phase of infection (Keselman et al. 2016). These findings 
confirm the importance of intestinal microbiota composition 
and the possible use of probiotic therapy for the prevention 
and treatment of G. duodenalis infections. Treatment resist-
ance in Giardia has been recorded for most currently avail-
able drugs (Busatti et al. 2009). In this regard, new treatment 
alternatives with higher efficiency and fewer side effects are 
needed.

There is a growing body of evidence documenting 
that using probiotics in nutrition promotes human 
health. Probiotics have been defined as non-pathogenic 
viable microbes (yeasts or bacteria) that exert beneficial 
impacts on the host wellbeing, when consumed in 
adequate amounts (Fuller 1989). The known consumed 
probiotic strains belong to the genus  Lactobacillus 
(characterized by the production of lactic acid), 
Bifidobacterium, Enterococcus, and  Saccharomyces 
(yeast) (Fekete et  al. 2021). Probiotic microbes can 
improve the host health via directly targeting pathogens, 
regulating gastric acids and bile acid toxicity, modulating 
systemic and mucosal immune responses, covering the 
intestinal mucosa, strengthening mucosal barrier function, 
reinforcing epithelial integrity, and suppressing the 
transportation of microorganisms and their metabolites 
into the subepithelial regions (Conlon and Bird 2015; 
Markowiak and Śliżewska 2017). Stimulation of mucosal 
immune response through increasing the IgA production 
was seen after treatment with probiotics containing 
Lactobacillus (L.) and Bifidobacterium. These bacteria can 
alter the cytokine milieu in the intestinal mucosa through 
upregulation of IL-6, IL-10, and TGFβ in epithelial 
cells, leading to potentiate IgA production (Hardy et al. 
2013). We reviewed findings of preclinical and clinical 
investigations to understand the beneficial effects of 
probiotics against giardiasis and their potential molecular 
mechanisms.
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Probiotics in preclinical studies for the treatment 
of giardiasis

Several scientific researches on the probiotics administra-
tion for the prevention and treatment of intestinal parasites 
(e.g., G. duodenalis) have been conducted. It was demon-
strated that treatment of infected gerbils with L. johnsonii 
La1 (108 CFU) for 1 week before trophozoite inoculation 
did not affect the morphological impairment observed in 
intestinal epithelium, but reduced quantity of active tropho-
zoite and infection length (Humen et al. 2005). In a sim-
ilar study, daily treatment of gerbils with L. casei and L. 
rhamnosus (109 CFU for 30 days) prior to Giardia infec-
tion and also when simultaneously infected with Giardia 
reduced both duration and severity of infection, decreased 
the amount of active intestinal trophozoites, protected 
against mucosal damage, and resulted in the resolution of 
Giardia  infection (Shukla et al. 2008). In another study, 
administration of L. casei restored the membrane integrity of 
microvillus, improved the quantity of goblet cells, promoted 
edematous and vacuolated epithelial cells, and reduced ile-
itis in the mouse model of giardiasis (Shukla et al. 2012). 
The efficiency of four bacterial strains (109 CFU daily for 
13 days via orogastric gavage), including L. rhamnosus GG 
(LGG), L. plantarum, L. acidophilus, and L. casei, was 
evaluated in the modulation of G. murine infection. Among 
these strains, LGG extorted more advantages in reduction 
of G. duodenalis cycle duration and active intestinal tropho-
zoites, leading to effective suppression of infective disease 
(Goyal et al. 2011). In in vitro and in vivo studies, thera-
peutic effects of bacteriocins from newly isolated Egyptian 
strains of Lactobacilli  (including L. acidophilus  [P106] 
and L. plantarum [P164]) against G. duodenalis were evalu-
ated. In vitro findings presented that L. acidophilus bacte-
riocin (50 µg) decreased the attachment and the quantity 
of trophozoites (by ~ 58.5%). Oral administration of L. aci-
dophilus bacteriocin (50 µg/day for five successive days) 
decreased the gut density of parasite and ameliorated intes-
tinal pathology of infected mice. Therefore, L. acidophi-
lus (P106) showed great promise as a potential anti-giardial 
therapeutic (Amer et al. 2014). It was revealed that oral gav-
age with S. boulardii 15 days before infection and 22 days 
after could significantly reduce the proportion of parasite 
load (reduction of 70%), enhance the height of the intestinal 
villi and depth of crypt, improve the production of mucus, 
and increase the number of goblet cells and intraepithelial 
lymphocytes (Ribeiro et al. 2018). In another study, probi-
otic bacteria, including L. acidophilus, Bifidobacterium bifi-
dum, and L. helveticus, showed preventive effects adminis-
tered before infection in the mouse model. In addition, these 
therapeutics significantly reduced infection intensity (87.5% 
after 20 days) and intestinal changes (Al-Megrin et  al. 
2021). The beneficial effect of B. longum 51A and Weissella 

paramesenteroides was evaluated in another research. Find-
ings indicated that oral administration of bacteria 10 days 
before induction of giardiasis could protect the intestine 
against infection (Fonseca et al. 2019). It was also demon-
strated that there is a therapeutic effect of probiotic L. casei 
in combination with albendazole on the outcome of Giardia 
infection in a murine model. This combination restored 
crypts and villi to normal morphology, and diminished the 
trophozoite proportion in the intestinal fluid and excretion of 
cysts in feces (Shukla et al. 2013). Moreover, intraperitoneal 
injection of heat-inactivated (killed) probiotics and probiotic 
protein of LGG exerted anti-giardial effects. Their adminis-
tration declined the severity and duration of disease mainly 
by restoration of the intestinal microbiome and the mucosal 
epithelium to the normal status, along with modulation of 
mucosal immune responses, in the mice model of infection. 
The probiotic protein was more effective than killed probi-
otic, suggesting that this component is a potential preven-
tive vaccine candidate for Giardia infection (Shukla et al. 
2020). In a mice model of G. duodenalis infection, effects of 
kefir-fermented milk (composed of bacteria and yeasts in a 
complex symbiotic association) were evaluated and showed 
that feeding mice with kefir declined giardiasis severity and 
stimulated the humoral and cellular immunity against infec-
tion (Franco et al. 2013). According to the literature, pro-
biotics can modulate the toxic effects of G. duodenalis via 
several molecular mechanisms. It was shown that probiotic 
protects against parasite-induced mucosal damage through 
suppressing the parasite growth, increasing the antioxidant 
capacity, reducing oxidants, stimulating systemic humoral 
and cellular immunity, and modulating the inflammatory sta-
tus of the intestinal mucosa (Franco et al. 2013; Goyal et al. 
2013; Travers et al. 2016). Here, we reviewed the results of 
clinical investigation to highlight potential effects of probiot-
ics in the patients with giardiasis.

Probiotics in clinical studies for the treatment 
of giardiasis

Probiotics have been used in the prevention and treatment of 
several GI inflammatory conditions, such as inflammatory 
bowel disease (pouchitis and ulcerative colitis), constipa-
tion, irritable bowel, and liver infectious disease (Olveira 
and González-Molero 2016). According to the literature, few 
clinical studies have suggested the consumption of probiot-
ics or their related products as an alternative therapy for 
Giardia infection. Most studies have focused on the benefits 
of such microorganisms for the prevention and treatment of 
symptoms such as diarrhea observed in GI diseases.

Regarding the health benefits of S. boulardii, the effects 
of oral S. boulardii (250 mg/ three times a day/for 10 days) 
on acute diarrhea were investigated in patients following 
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amebiasis. This approach could significantly improve the 
duration of symptoms and reduce the amount of excreted 
cysts after 4 weeks. The yeast could restore the normal gut 
microbiota, while the exact molecular mechanism has not 
been clarified (Mansour-Ghanaei et al. 2003). In a small 
clinical trial, beneficial effects of S. boulardii in ameliora-
tion of symptoms and reduction of parasite proportion were 
proven in children with symptomatic Blastocystis hominis 
infection (Dinleyici et al. 2011). In a double-blind, placebo-
controlled study, S. boulardii capsules (250 mg b.i.d. orally) 
in combination with metronidazole (750 mg/3 times a day 
for 10 days) showed effective anti-giardial impacts as an 
adjunctive therapy in adult patients. This combination could 
increase levels of enteric disaccharidases, stimulate immune 
responses, activate intestinal enzymes, and induce a trophic 
effect on the intestine (Besirbellioglu et al. 2006). Numerous 
studies have indicated that probiotics have health-restoring 
benefits with lower risk of infection. However, some groups 
of people, including cases under neonatal stages and/or those 
with medical conditions (e.g., the leaky gut, malignancies, 
diabetes mellitus, and post-organ transplant convalescence) 
should use these products with caution (Kothari et al. 2019). 
Nevertheless, further clinical researches are necessary to 
investigate the beneficial effects of probiotics in human. To 
understand how probiotics can prevent or treat giardiasis, we 
described the potential molecular mechanism of probiotics.

Potential mechanisms of probiotics in the treatment 
of giardiasis

Despite the beneficial effects of probiotics, their underly-
ing mechanisms in prevention and treatment of giardiasis 
are still unclear. Potential antioxidant properties of pro-
biotics have proven in several in vitro and in vivo studies. 
Consumption of these alternatives may decrease oxida-
tive damage, improve the free radical scavenging rate, 
and modify the activity of antioxidant enzymes in human 
cells (Mishra et al. 2015). Antioxidant features of probi-
otics were investigated in several studies. It was shown 
that feeding Giardia-infected mice with LGG increased 
enzymatic antioxidant levels (superoxide dismutase and 
glutathione) and intestinal disaccharidases (lactase and 
sucrase), and reduced levels of oxidants. According to 
histopathological findings, normal cellular morphology of 
the small intestine and reduced infiltration of lymphocytes 
were seen in the probiotic receiving group compared with 
infected mice (Goyal et al. 2013).

Immunomodulatory features of probiotics have been 
demonstrated. It was illustrated that probiotics are able to 
modulate the systemic and mucosal immune response in the 
fight against giardiasis. Oral administration of the probiotic 
LGG (109/0.1 mL) to Giardia-infected mice (106/0.1 mL) 
could restore the normal gut microbiota and modulate the 

mucosal immune response via regulating anti-inflammatory 
(e.g., IL-6 and IL-10) and pro-inflammatory (e.g., IFN-γ) 
cytokines, increasing the secretion of IgA antibody, enhanc-
ing the number of IgA+ cells and CD4+ T cells, and reducing 
the number of cytotoxic CD8+ T cells in the lamina propria 
(Goyal and Shukla 2013). It was demonstrated that Ente-
rococcus faecium SF68 had specific anti-giardial immune 
responses with a progressive elevation in levels of intestinal 
IgA and serum IgG, as well as a decline in antigenic over-
load and the enteric parasitic in the mice model. In addi-
tion, a higher percentage of CD4+ T cells in the spleen and 
PP were recorded (Benyacoub et al. 2005). In contrast, it 
was reported that short-term administration of probiotic 
E. faecium SF68 (5 × 108 CFU) could not be effective on 
cyst shedding, fecal levels of IgA, fecal antigen shedding, 
or circulating leukocyte phagocytic function in dogs with 
giardiasis (Simpson et al. 2009).

Probiotics may alleviate giardiasis via directly targeting 
parasites. L. acidophilus (P106) could directly alter the 
cellular architecture of the trophozoites via disorganiza-
tion of the cytoplasmic components, cell membrane, and 
adhesive disc (Amer et al. 2014). In an in vitro study, 
it was reported that Lactobacillus johnsonii La1 could 
secrete some low molecular mass factors that suppress the 
proliferation of G. duodenalis trophozoites in G1 phase of 
cell cycle without detecting necrosis nor apoptosis (Pérez 
et al. 2001). In addition, the activity of bile-salt hydrolase 
(BSH) results in deconjugated bile salts which is one of 
most important mechanisms involving in the suppression 
of trophozoite growth. It was reported that L. johnsonii 
La1 prevented in vitro growth of G. duodenalis through 
deconjugated bile salts produced by extracellular BSH-
like activities (Travers et al. 2016). In another study, BSH 
like activities of L. johnsonii La1 and L. gasseri CNCM 
I-4884 were evaluated. Their results confirmed that these 
two strains might contribute to the anti-Giardia features 
via expression of BSH47 and BSH56 genes (Allain et al. 
2018). These findings suggest that probiotics alone or 
in combination with antiprotozoal drugs are safe and 
effective approaches in the prevention and treatment 
of Giardia infection via direct effects on parasite, along 
with antioxidant and immunomodulatory properties. All 
discussed mechanism are summarized in Fig. 1.

Conclusion

In summary, G. duodenalis targets the gut via several 
mechanical and chemical mechanisms and induces sev-
eral symptoms. It seems that the composition of the gut 
microbiota is important for defense against the micro-
organisms, e.g., G. duodenalis. The disturbed micro-
biota during the giardiasis may exhaust the symptoms 
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of diseases. Therefore, restoring the normal microbiota 
and morphology of intestinal mucosa and directly target-
ing the parasite can attenuate the severity of disease. It 
has been reported that probiotics are safe and effective 
agents in the treatment of Giardia infection. Probiotics 
with different available forms show antioxidant, anti-
inflammatory, immunomodulatory, and extracellular 
BSH-like activities in treatment of giardiasis. They are 
able to re-establish the intestinal microbiota, repair the 
mucosal barrier of intestine, promote the number of epi-
thelial and goblet cells, and restore the microstructure 
of the intestine. These alternative therapeutic strategies 
can destroy the cellular architecture of parasites and 
modulate the immune response. Despite the beneficial 
effects of probiotics, further researches are required to 
find the suitable probiotics in prevention and treatment 
of giardiasis.
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