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The intestinal environment can be considered 
as an ecosystem where biological and chemical 
interactions occur at various organizational levels 
between host, parasites, and microbial communities. 
It has been suggested that the interdependence 
relationship between the host microbiota, host 
immune system and intestinal parasites shape the 
clinical outcome of enteric infections(1).

Helminth infection modifies intestinal microflora: 
The changes in the composition of the gut microbiota 
that associate helminths infection may be due to 
the secretion of anti-microbial components by the 
parasite, the disruption of the epithelial barrier by 
the parasite that alters the intestinal environment 
or the stimulation of specific immune responses(2). 
Indeed, alterations in composition of bacterial 
communities were found in stool samples of school 
children with nematodes infection living in rural 
Ecuador(3). This study found decreased abundance 
of Clostridia, with reduction in overall bacterial 
diversity in stool samples of children co‐infected 
with T. trichiura and A. lumbricoides. In a comparative 
study between fecal stool samples from helminth‐
infected or non-infected individuals living in rural 
Malaysia, Lee et al.,(4) reported a significant increase 
in bacterial diversity among individuals infected with 
any helminth species, and an increased abundance 
of Paraprevotellaceae family in those individuals 
infected only with T. trichiura.

Modification in microflora alters the Th17/T 
regulatory cell balance: Changes in the symbiotic 
microbiota play a role in the balance between 
inflammatory Th17 cells and regulatory Foxp3+ 
cells functioning in the intestine. The segmented 
filamentous bacteria were shown to be responsible 
for powerful Th17 responses and secretion of IL-

17 and IL-22, which enhances the resistance to 
the intestinal pathogen C. rodentium(5). Conversely, 
Clostridium species are responsible for the induction 
of IL-10 plus Foxp3+ regulatory cells in the colon(6). 
Bancroft et al.,(1) have shown that broad spectrum 
antibiotic treatment of mice infected with T. muris 
can significantly downregulate the levels of IL-
17 produced and alter the broader host immune 
response to T. muris. 

Alterations in the TH17/Foxp3 balance maintains 
parasite survival: Helminths desire survival 
for extended periods to maximize egg output, 
thereby facilitating transmission. They trigger 
immune responses that include potent regulatory 
components, by the generation of induced T regs 
(iTregs), capable of controlling pathology induced 
by parasite invasion of the mucosa. D’Elia et al.,(7) 
suggested that Foxp3+ Tregs could protect the host 
from intestinal pathology associated with T. muris 
infection.

The effect of microbiota on the outcome of many 
parasitic infections: Reynold et al.,(2) suggested that 
the composition of microbiota may alter the priming 
of the murine immune system to alter susceptibility to 
helminth infection. It was found that while germ free 
mice are more susceptible to infections with bacterial 
or viral agents, persistence of the gastrointestinal 
helminth parasite Heligmosomoides polygyrus is 
markedly reduced in these animals compared with 
conventionally raised mice(8). Those researchers 
found that H. polygyrus raises Lactobacillus 
taiwanensis abundance in the duodenum of 
C57BL/6 mice, which are highly susceptible to H. 
polygyrus infection, but not in BALB/c mice, which 
are relatively resistant. Moreover, experimental 
administration of L. taiwanensis to BALB/c mice 
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The human gut is populated by a huge number of microbiota that is acquired first at birth and soon stabilizes in 
the early years of life. Microflora and gut helminths have co-evolved over many millions of years until recently 
when the geographical prevalence of parasitic diseases in human has become restricted to the developing world. 
Immune homeostasis relies on a balance in the composition of intestinal microflora; long lived parasites have also 
been shown to regulate immune function, and their absence in western lifestyles is suggested to be a factor for the 
increasing frequency of allergy and autoimmunity. The diversity of the microbiota is thought to reflect the health 
of the intestine and contributes to healthy metabolic and immune functioning.
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elevates regulatory T cell frequencies and results 
in greater helminth establishment. As regards the 
effects of the microbiota on host immune response 
to protozoal infections, when T. gondii reaches the 
gut of an individual with a functional microbiota, 
an immune response is initiated at the level of the 
intestinal mucosa by activation of toll-like receptors 
(TLR11/12) in dendritic cells. This recognition 
activates the transcription factor interferon (INF) 
regulatory factor 8, leading to the production of 
interleukin 12 (IL-12) which promotes a cellular-
based immunity with production of INF-γ and 
differentiation of Th1 T lymphocytes. TLR-knockout 
mice (TLR11-/-) are not completely impaired to 
respond to T. gondii as long as gut commensal 
bacteria are present because the production of 
diminished amounts of IL-12 is compensated by 
indirect stimulation provided by the gut microbial 
commensals via TLR2, TLR4, and TLR9. Therefore, 
TLR11-/- mice survive the acute phase of infection. 
When TLR11-/- mice are treated with antibiotics to 
eliminate gut commensal bacteria, this remaining 
protective IL-12 response is lost(9). In addition, it was 
found that gut microbiota elicits a protective immune 
response against malaria transmission(10). In a mouse 
study, Yelmiz et al.,(10) demonstrated that anti-α-gal 
antibodies, induced by the presence of Escherichia 
coli O86:B7 in the gut, are cytotoxic to α-gal-expressing 
Plasmodium sporozoites, and thus protect mice from 
mosquito-transmitted Plasmodium infection. In the 
same context, an association was observed between 
anti-α gal IgM levels and protection from P. falciparum 
infection in Malian children and adults living in an 
area of intense malaria transmission(11). 

The contributions of microbiota to helminth-
induced modulation of autoimmune diseases: 
Multiple recent investigations have highlighted 
the promise of helminth-based therapies for the 
treatment of inflammatory bowel disease (IBD) and 
coeliac disease. Several studies reported amelioration 
of clinical symptoms of Crohn's disease and ulcerative 
colitis in patients subjected to oral administration of 
T. suis ova(12). Some of the immunoregulatory capacity 
of worms may be directly or indirectly related to 
alterations in intestinal microbial communities. 
Experimental infections with H. polygyrus bakeri in a 
mouse model of IBD revealed a significant expansion 
of the bacterial family Lactobacillaceae in the ileum 
of infected mice, which correlated with improved 
disease outcome(13). Moreover, it was found that 
microbiota may have a role in the therapeutic potential 
of helminths in the treatment of allergic diseases. 
Zaiss et al.,(14) reported that chronic infection with the 
murine helminth H. polygyrus bakeri reduced airway 
inflammation in a house dust mite induced model of 
allergy by alteration of the intestinal habitat, allowing 
increased short chain fatty acid production. Also, 
the transfer of the H. polygyrus-modified microbiota 

alone was sufficient to mediate protection against 
allergic asthma in uninfected recipient mice.
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