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Giardiasis, an intestinal infection caused by Giardia lamblia, was recently included in the ‘Neglected
Diseases Initiative’ by the World Health Organization. Symptomatic patients can develop mild diarrhea
up to a severe malabsorption syndrome, and children may show significantly impaired cognitive and
physical development. Currently, nitroimidazoles are the main class of antibiotic used to treat giardiasis.
Despite the efficacy of these drugs, adverse effects and reported resistance have increased, encouraging
studies to identify and develop therapeutic alternatives. In this context, probiotics may represent an
attractive option. Probiotics are defined as live microorganisms that, when administered in suitable
amounts, confer a health benefit to the host. The use of probiotics in the treatment of parasitosis has
been suggested because of its beneficial effects, such as a reduced time of gastrointestinal symptoms and
parasite load in animal models and humans. Probiotics have been studied as an alternative treatment for
giardiasis. In this review, we evaluated probiotic effectiveness in the treatment and prevention of this
disease. Based on the studies examined herein, we conclude that probiotics have a beneficial effect on
the modulation of giardiasis.
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INTRODUCTION

Giardiasis, an intestinal infection caused by the
protozoan Giardia lamblia (synonyms - G. intestinalis and
G. duodenalis), is considered the most common human
intestinal parasitosis in the world. It is frequent in both
developed and developing countries, and is estimated to
inflict 280 million symptomatic human infections annually.
Due to its clinical and epidemiological importance, in
2004, the World Health Organization (WHO) included
giardiasis in the ‘Neglected Diseases Initiative’ (Savioli,
Smith, Thompson, 2006).

In most cases, infection is asymptomatic, and
when symptoms occur, the most common manifestations
are fatigue, anorexia, belching, vomiting, flatulence,
abdominal pain and distension, and steatorrhea. Such
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clinical conditions establish an intestinal malabsorption
syndrome that can lead to significant weight loss and
nutritional deficiencies of the host and, when present in
children, may lead to severe growth and cognitive deficits
(Matos et al., 2008).

Among the forms of treatment for giardiasis and
its symptoms, the use of drugs such as nitroimidazoles,
nitrofurans as well as phytotherapics are commonly
highlighted. However, due to an increase in resistance
to these compounds, there is an urgent call for the
development of novel therapeutic strategies to fight the
pathogen in more healthy and effective way. Therefore,
nutritional interventions and modifications of the intestinal
microenvironment through probiotic administration
may be an important therapeutic alternative (Iannitti,
Palmieri, 2010). In this context, the aim of this revision
is to demonstrate the role of probiotics in treating and
preventing clinical and experimental giardiasis.

Here, we summarize the experimental and clinical
evidence on probiotics, such as Lactobacillus and
Saccharomyces boulardii, by providing a comprehensive
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overview of their efficacy as an alternative therapy for
giardiasis. Studies published between 2000 and 2016 were
chosen through a systematic search using combinations of
the keywords ‘Giardia lamblia’, ‘giardiasis’, ‘probiotics’,
and ‘treatment’ in PubMed and Science Direct electronic
databases. Clinical and experimental articles that used
probiotics as therapeutic agents and were written in the
English language have been included.

Giardia and giardiasis

Giardia exists under two distinct life forms: cyst,
the resistant form, responsible for the transmission of the
parasite between vertebrate hosts, and trophozoite, the
vegetative form, that replicates within the intestinal tract
of the hosts and leads to clinical manifestation. Giardia
differentiation occurs through the processes of excystation,
in which the parasite changes from cyst to trophozoite, and
encystment, when it returns to its resistant form (Lauwaet
etal.,2007).

Giardia is transmitted through the fecal-oral route,
directly - from person to person or indirectly through the
ingestion of food or water contaminated with cysts. Infection
is restricted to the intestinal lumen, where trophozoites
replicate and adhere to the mucosa resulting in enterocytes
apoptosis, increased intestinal permeability and nutrient
malabsorption (Solaymani-Mohammadi, Singer, 2011)
and, consequently, malnutrition, nutritional deficiencies,
and cognitive impairment in children and immunodeficient
adults (Simsek, Yildeiz-Zeynek, Kurcer, 2004).

The pathophysiology of acute diarrhea in giardiasis
implicates increased rates of enterocyte apoptosis,
disruption of the intestinal barrier function, activation
of host lymphocytes, CD8" lymphocyte-mediated
shortening of brush border microvilli with or without
coinciding villous atrophy, crypt hyperplasia, deficiency
of disaccharidases, intestinal malabsorption, anion
hypersecretion, and increased intestinal transit (Miiller,
von Allmen, 2005; Buret ez al., 2015).

Both innate and adaptive immunity mechanisms
are essential for the elimination of the parasite from the
intestine. Innate immunity mechanisms are the first line
of defense, and among them are the mucus, peristalsis,
cytotoxic factors, nitric oxide, microbiota, mast cells, and
dendritic cells (Lopez-Romero et al., 2015). Mast cells
have the potential to interfere directly or indirectly in
the duodenal growth of G. lamblia trophozoites; they are
essential to control G. lamblia infection, especially due
to the IL-6 synthesis. I1-6 modulates B-cell maturation
and the switching to produce IgA, and mediates T-cell
differentiation (Lopez-Romero et al., 2015; Merluzzi et
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al.,2010). Moreover, mast cell degranulation increases
smooth muscle contractility and, in synergy with nitric
oxide, that relaxes smooth muscle and modulates intestinal
motility, induces peristalsis (Li et al., 2007).

Other defense mechanisms arising from local
tissue cells are the cytotoxic effect of Paneth cells and its
secretion of defensins, and an increase on mucin secretion,
which reduces parasite adhesion to intestinal epithelial
cells, allowing for the subsequent removal by peristalsis,
and thereby reducing the intensity of the infection
(Miiller, Allmen, 2005). Most experimental model studies
suggest that the host’s main defense against Giardia is the
production of immunoglobulin A (IgA). The mechanisms
are not well understood, but are likely to involve ‘immune
exclusion’, immobilization, or detachment of trophozoites
from the intestinal epithelium or the mucus layer, rather
than direct killing (Eckmann, 2003).

While intestinal antibodies and, more specifically,
anti-variant surface protein IgA antibodies were proven
to be involved in modulating antigenic variation of the
parasite, the participation of the local antibody response
in control of the parasite infection is still controversial
(Miiller, von Allmen, 2005).

T cell participation is associated with disease
progression, since the depletion of CD4* T cells in animals
resulted in chronic giardiasis, whereas CD8" T cells are
more related to intestinal mucosa tissue damage resulting
from giardiasis than with controlling the infection (Scott,
Yu, Buret, 2004). IgA and CD4" T cells are fundamental
to the process of Giardia clearance. It has been suggested
that CD4* T cells play a double role during the anti-Giardia
immune response. First, they activate and stimulate the
differentiation of B cells to generate Giardia-specific
antibodies. Second, they act through a B-cell-independent
mechanism that is probably mediated by Th17 cells
(Lopez-Romero ef al., 2015).

Giardia and intestinal microbiome association

It is widely known that the intestinal microbiota
plays a relevant role in the maintenance of human health.
This includes impeding colonization by pathogenic agents,
fermenting non-soluble fibers, which produce short chain
fatty acids, and stimulating immune system development
(Sharma, Young, Neu, 2010). The linkages among the
human body, gut microbiota, and parasites result in a
complex ecosystem where alterations in one of these
components determine a counter response in the others
(Berrilli ez al., 2012).

Torres et al. (2000) showed that Giardia was unable
to induce disease in germ-free mice. Furthermore, they
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were the first to demonstrate the stimulatory action of
a combination of microbial components isolated from
the dominant duodenal microbiota of children with
symptomatic giardiasis associated with germ-free mice
experimentally inoculated with axenic Giardia lamblia.
Nevertheless, none of the combinations of bacteria were
able to stimulate the protozoan pathogenicity in germ-free
mice in the same level as the microbiota of conventional
mice did. These findings can be explained by smaller
Peyer’s patches, fewer plasma cells, fewer intraepithelial
lymphocytes (IELs), impaired antimicrobial peptide
and IgA secretion, and reduced CD4" and CD8" T cell
numbers found in germ-free mice compared to those in
conventional mice (Chung et a/., 2012).

It has been suggested that the intestinal microbiota
composition can potentially interfere in the process of G.
lamblia infection. Findings from ongoing research indicate
that the post-infectious effects of giardiasis may be due to
microbiota dysbiosis induced by the parasite during the
acute phase of infection (Buret ez al., 2015).

Keselman et al. (2016) found that the disruption
of the intestinal microbiota through antibiotic treatment
for G. lamblia limited the disaccharidase deficiency,
prevented pathological CD8" T cell activation, and also
did not change the numbers of CD4" T cells in the lamina
propria and the activation of T cell receptor-expressing
intraepithelial lymphocytes (IEL) found in giardiasis. The
authors have concluded that differences in the intestinal
microbiota can contribute to differences in immune
responses and may, therefore, also contribute to differences
in clinical outcomes.

Benefits of probiotics in giardiasis

Giardia is resistant to most currently available
drugs (Busatti, Santos, Gomes, 2009). In this sense,
new treatment alternatives are needed, aiming not only
efficiency, but also a reduction of side effects and treatment
resistance.

Probiotics are considered non-pathogenic
microorganisms (bacteria or yeasts) that, when consumed
in adequate amounts, produce beneficial effects on the
health and well-being of the host (Varavallo, Thomé,
Teshima, 2008). The competition for binding sites and
available food sources in the intestinal lumen limits
pathogen survival in this environment (Reid, Hammond,
2005). The most commonly consumed probiotics
belong to the genus Lactobacillus and Bifidobacterium.
Mechanisms by which probiotics might improve host
health include immune function augmentation through
reinforcing mucosal barrier function, reducing mucosal
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transfer of luminal organisms and metabolites to the host,
increasing mucosal antibody production, strengthening
epithelia integrity and direct antagonism of pathogenic
microorganisms (Conlon, Bird, 2015).

Some bacteria genera, such as Lactobacillus and
Bifidobacterium, have a direct relation with immune
response stimulation because they enhance IgA production
and secretion through an alteration of the cytokine milieu
in the gut mucosa, induce epithelial cell expression
of TGFp and IL-10 as well as IL-6, which potentiate
IgA production, and induce/augment the expression
of polymeric Ig receptors on the basolateral surface of
intestinal epithelial cells (Hardy et al., 2013).

However, in order for the desired benefits to be
gained, probiotics must be present in functional foods for
consumption in adequate amounts. Some studies suggest
that the effective therapeutic dose for health benefits is 5
billion colony forming units a day (5 x 10° CFU/day) for
at least five days (Gupta, Garg, 2009).

Experimental trials with probiotics in giardiasis in
animal models

Studies involving the action of probiotics as an
alternative therapy on enteric parasites, such as G.
lamblia, have been conducted due to their worldwide
epidemiological importance as well as because of the
damage caused upon the host. The first report on the in vivo
effect of Lactobacillus johnsonii Lal against G. lamblia
(Humen et al., 2005) has demonstrated that animals
treated with 10® CFU for seven days before trophozoite
inoculation did not show any morphological damage on
the intestinal epithelium, and had a reduced proportion of
active trophozoite and infection length.

Experimental studies have demonstrated that
Giardia infection reduced both the severity and duration
when probiotics (Lactobacillus rhamnosus, Lactobacillus
casei) were administered prior or simultaneous to the
parasite. Daily administration of 10° CFU of Lactobacillus
casei in gerbils for 30 days reduces the proportion of
active number of trophozoites in the gut and leads to
the resolution of a Giardia infection within 14 days, and
protected against parasitic-induced mucosal damage,
suggesting that probiotics offer a safe and effective
mode to prevent and treat Giardia infection (Shukla,
Devi, Sehgal, 2008). Normal microvillus morphology
and enhanced number of goblet cells were also found in
probiotic-fed Giardia-infected mice compared to severe
microvillus atrophy, edematous, vacuolated epithelial
cells, and ileitis in Giardia-infected mice (Shukla, Sidhu,
Verma, 2012).
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Goyal, Tiwari, Shukla (2011) compared the
effectiveness of 4 bacterial strains (Lactobacillus
rhamnosus GG (LGG), L. acidophilus, L. plantarum and
L. casei) in the modulation of murine giardiasis. Animals
received a daily, single strain 10° CFU dose via orogastric
gavage. LGG has been proven more effective in reducing
the G. lamblia cycle duration, for its increased rates of cyst
excretion and reduced the number of active trophozoite in
the intestine, leading to disease suppression approximately
13 days after experimental inoculation.

Recent studies have suggested that probiotics
have an anti-Giardia effect and modulate the mucosal
immune response. Goyal, Shukla (2013) showed that
oral administration of the probiotic LGG (1 x 10°
lactobacilli/0.1 mL) to Giardia-infected mice with 1 x 10°
trophozoites/0.1 mL, restores the normal gut microbiota
and modulates the mucosal immune response, since a
significant increase in the levels of cytokines IL-6 and
IL-10, specific secretory IgA antibody, [gA* cells, and
CD4" T lymphocytes were observed in contrast with the
reduced levels of pro-inflammatory cytokine INF and
decreased percentage of cytotoxic CD8" T lymphocytes
in the lamina propria. Goyal, Rishi, Shulka (2013) also
showed the antioxidative properties of LGG in Giardia
mediated tissue injury. Probiotics fed, Giardia-infected
mice, showed a significant increase in the levels of
antioxidants (reduced glutathione and superoxide
dismutase) and intestinal disaccharidases (sucrase and
lactase) and decreased levels of oxidants in the small
intestine in comparison with Giardia-infected mice.
Histopathological findings also revealed an almost normal
cellular morphology of the small intestine in probiotic-fed
Giardia-infected mice compared with non-probiotic-fed
Giardia-infected mice. Fused enterocytes, villous atrophy,
and increased infiltration of lymphocytes were observed in
Giardia-infected mice, thereby suggesting that the effects
of probiotic LGG are biologically plausible and could be
used as an alternative microbial interference therapy.

It has been demonstrated the ability of Enterococcus

faecium SF68 in the improvement of specific anti-Giardia

immune response in mice (Benyacoub et al., 2005) This
improvement was characterized by a progressive increase
in intestinal IgA and serum IgG levels, and consequent
decline of the enteric parasitic and antigenic overload. In
addition, a higher proportion of CD4* T cells in Peyer’s
patches and spleen could be observed, suggesting that
this probiotic might be useful in the treatment of Giardia
infection.

Shukla, Kaur, Sharma (2013) also demonstrated
the therapeutic effect of probiotic Lactobacillus casei,
alone and in conjunction with antiprotozoal drugs like
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albendazole, tinidazole, metronidazole, and nitazoxanide,
on the outcome of giardiasis in murine model. The co-
administration of the probiotic and albendazole reduced
both the excretion of Giardia cysts in feces and trophozoite
counts in the intestinal fluid, and restored villi and crypts to
normal morphology. The authors suggested that probiotics
and antiprotozoal drugs in combination can be a more
effective therapy for improved treatment and enhanced
recovery from gastrointestinal diseases.

Other authors evaluated the ability of kefir-
fermented milk, composed mainly of bacteria and yeasts in
a complex symbiotic association, to protect mice from G.
lamblia infection. They found that feeding mice with kefir
reduces infection and promotes the activation of different
mechanisms of humoral and cellular immunity that are
downregulated by parasitic infection, thus contributing
to protection (Franco et al., 2013).

Amer, Mossallan, Mahrous (2014) evaluated the
therapeutic efficacy of bacteriocins derived from newly
isolated Egyptian strains of probiotics Lactobacilli
[L. acidophilus (P106) and L. plantarum (P164)] against
G. lamblia, both in vitro and in vivo. In vitro results
showed that 50 pg of L. acidophilus bacteriocin reduced
the adherence and the number of trophozoites by 58.3 +
4.04%. Oral inoculation of 50 pg/mouse L. acidophilus
bacteriocin for 5 successive days reduced the intestinal
parasite density, and ameliorated intestinal pathology of
infected mice. The authors concluded that L. acidophilus
(P106) derived bacteriocin should be a great promise
as a potential therapeutic safe alternative to existing
commercial drugs.

Clinical trials with probiotics in gastrointestinal
diseases

The current literature offers few studies about the
use of probiotics as an alternative therapy for giardiasis.
However, it is possible to find a greater amount of
studies that highlight the benefits of ingesting such
microorganisms for the treatment of some enteric diseases
with similar symptoms to the ones caused by G. lamblia
infection, particularly diarrhea.

The use of a probiotic cannot ignore the knowledge
of the genus and species of the strain. In pediatric
patients, their role for treating acute viral gastroenteritis
and preventing antibiotic-associated diarrhea in healthy
children has been demonstrated (Cardile ef al., 2016).
The risk of infection associated with the use of probiotics
is relatively low; however, there are selected groups of
patients in who they should be used with caution (Olveira,
Gonzalez-Molero, 2016).
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Mansour-Ghanaei et al. (2003) studied patients with
acute diarrhea caused by amebiasis, which were treated
with antibiotics associated with a 250 mg of S. boulardii
orally, thrice a day, for 10 days. This joint administration
significantly reduced the symptoms’ duration and the
number of excreted cysts after four weeks. This was
associated with the yeast’s great potential to restore
beneficial effects from the normal intestinal microbiota,
although the precise mechanism of action has not been
elucidated.

Regarding the beneficial action of S. boulardii
associated with antibiotic therapy, Besirbellioglu ef al.
(2006) have shown yeast’s efficiency as an adjunctive
therapy on adult patients infected with G. lamblia and
treated with metronidazole 750 mg, 3 times daily, along
with probiotic dosage of 250 mg, administered twice daily,
for 10 days. Authors has hypothesized that this yeast exerts
a trophic effect in the small intestine, increases levels of
enteric disaccharidases, stimulates intestinal immune
system, and changes intestinal enzyme activation.

Working with children who had persistent diarrhea,
Gaon et al., (2003) showed that the administration of S.
boulardii as well as combined administration of different
L. casei strains with L. acidophillus (Cerela strain)
significantly reduced length and frequency of diarrhea and
gastrointestinal symptoms such as vomiting, abdominal
distention, and colic at any time during the treatment
period. Both treatments administered 10'° to 10> CFU/g of
probiotic ina 175g of diet, twice a day, for a 5-day period.

Patel, DuPont (2015) showed that prebiotics,
probiotics, and symbiotics are appealing as preventive
and therapeutic agents for human medical disorders.
Their efficacy depends on the etiology of the disease and
the probiotic strain. Restoring the balance of intestinal
flora by introducing probiotics for disease prevention and
treatment could be beneficial to human health.

CONCLUSIONS

Probiotics have a positive action in the treatment of
enteric parasite infections, and this benefit may be due to
several factors, such as change of intestinal microbiota
composition, modulation of immune response, and
reduction of host-pathogen interactions. However, the
exact mechanism by which probiotics modulate Giardia
infection requires thorough investigation. We also strongly
support more research on the best probiotic or probiotic
association to use in giardiasis.
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