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The gastrointestinal (Gl) microbiome, crucial for host health through its roles in
digestion, immunity, and pathogen protection, is significantly disrupted by
tropical infections. This disruption, termed dysbiosis, manifests as a loss of
beneficial microbes, an increase in harmful bacteria, and altered microbial
composition. This review synthesizes recent evidence (2019-2025) on how
these infections impact the gut microbiome, influence host recovery, and
contribute to long-term health outcomes. A structured literature search was
conducted across PubMed, Scopus, and Web of Science, focusing on human Gl
microbiome dynamics, dysbiosis patterns, and recovery mechanisms in the
context of tropical infectious diseases. Findings indicate that common tropical
infections, such as cholera, giardiasis, and ascariasis, consistently lead to
dysbiosis, characterized by decreased microbial diversity, an increase in
opportunistic pathogens like Proteobacteria, and impaired gut barrier function.
While natural host processes contribute to recovery, this is significantly
influenced by host immunological status, infection severity, and environmental
factors. Therapeutic interventions, including probiotics and fecal microbiota
transplantation (FMT), show promise in aiding microbiome restoration.
Understanding these intricate interactions is crucial for developing effective
strategies to manage and treat the associated long-term consequences,
including post-infectious GI disorders and malnutrition, particularly in
vulnerable populations.
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1 Introduction

Gastrointestinal (GI) microbiome serves as the vital community
of different microorganisms found inside the human digestive tract,
which helps maintain several core bodily functions, including
digestion and nutrient breakdown and immune system
development, while simultaneously preventing harmful organisms
and maintaining intestinal wall strength. A healthy gut functions
best when its microbial diversity maintains beneficial commensal
microorganisms in high numbers. Disruption of this balance is
called dysbiosis which leads to multiple health issues that include
metabolic conditions and inflammatory disorders as well as
infectious and neurological problems (1, 2).

Tropical infections represent diseases that exist solely in tropical
and subtropical climate zones. These diseases cover bacteria,
viruses, protozoa, helminths and other pathogens which can
spread through water contamination along with poor sanitation
and insufficient hygiene practices. Such infections tend to affect
primarily people in countries with limited access to healthcare and
poor infrastructure (3). The prevalence of parasitic infections
including giardiasis, amebiasis, ascariasis and trichuriasis
continues to be high in these regions, leading to both severe
morbidity and mortality numbers (4).

Gut microbiome functions as a crucial component in
controlling how hosts react to pathogenic infection through their
immune system. The microbiome controls both infections
vulnerability and treatment success and disease progression while
experiencing significant transformation from infections. This two-
way relationship between infections and the gut microbiome helps
explain disease causation as well as intervention development
specifically for gastrointestinal diseases found frequently in
tropical areas (5, 6).

Gut microbial ecosystem’s reaction to tropical infections
remains an area of active and evolving investigation. These
infections result in direct mucosal damage while simultaneously
disrupting microbial environments and modifying local immune
reactions. A combination of pathogen-driven inflammation and
immunological activation, and medication use that includes
antibiotics and antiparasitic drugs result in major changes to
microbial diversity and composition (5). Scientists have yet to
uncover the particular microbiological signatures that correspond
to different tropical infections, combined with the responsiveness of
host systems to establish gut homeostasis. The conventional
exposure patterns within tropical endemic zones lead to
progressive deterioration of the microbiome. Long-lasting
dysbiosis results in persistent inflammation that impairs nutrient
digestion and can lead to chronic post-infectious diseases. Children
face particular concern because their developing microbiomes are
more sensitive to disruptions, which may impact their growth
alongside immune maturation and neurodevelopmental health (7).

The purpose of this narrative review is to bring together
literature concerning the impacts of tropical infections on the
gastrointestinal microbiome, the perturbation and re-
establishment of homeostasis, if any, by the host, and the
potential long-term implications of these disturbances on health.
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It analyzes the patterns of dysbiosis for the most important groups
of tropical infections, assess the other factors affecting the recovery
and the wider clinical and public health impacts. This review will
help in guiding further research and appropriate management
strategies with regard to tropical diseases, especially in
economically disadvantaged tropical countries, by bringing
together different findings into one holistic framework.

2 Methods

A structured literature search of three prominent research
databases - PubMed, Scopus, and Web of Science - allowed for
the development of an evidence-based synthesis of gastrointestinal
microbiota changes due to tropical infections. The chosen databases
provided comprehensive access to biomedical research along with
microbiological and global health studies. Two individual authors
conducted the peer-reviewed journal article search from April 14 to
April 25, 2025 while focusing on articles published between January
1, 2019 and April 2025. The authors chose this six-year period to
capture recent research documenting microbiome sequencing
advancements and host-microbe understanding progress.

The search used combination strategies together with free-text
keywords which included gut microbiome, gastrointestinal
microbiota, intestinal dysbiosis, microbial diversity, in
conjunction with tropical infections, diarrheal diseases, protozoan
infections, helminth infections, and neglected tropical diseases. The
research included recovery and restoration terms together with
long-term effects alongside specific disease names (cholera,
giardiasis, ascariasis) along with other relevant terminology.
Boolean operators together with syntax from each database
helped narrow down search results.

Only English-language articles were included. Editorials and
commentaries and preprints as well as non-peer-reviewed materials
were excluded to guarantee high evidence standards. Two
independent reviewers examined titles and abstract reviews before
moving toward complete evaluation of articles that satisfied the
criteria. Manual searches were conducted on reference lists from
important studies and reviews in order to identify relevant articles
that had not been discovered by electronic database queries.

Inclusion of studies followed these specific criteria:

*  Research that is published in peer-reviewed journals
appeared between 2019 and 2025.

* Studies which examined human gastrointestinal
microbiome dynamics within the framework of tropical
infectious diseases.

*  Studies that included data describing microbiome composition
alongside diversity levels and functional parameters as well as
dysbiosis patterns and restorative mechanisms.

e Studies that investigated host responses throughout
infection phases including acute infection periods and the
post-infectious state.

* Research that focused on human populations who live
primarily in tropical or resource-limited areas.
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Exclusion criteria included:

* Articles published prior to 2019.

* The review excluded all materials without peer-review
including preprints and dissertations along with
conference abstracts.

» Studies that only examined in vitro or animal models which
lacked human-relevant findings.

» The research did not investigate gastrointestinal microbiome
or tropical infections or study unrelated aspects.

* Articles not available in English.

Although formal quality appraisal tools (e.g., Cochrane RoB,
AMSTAR, CASP) were not applied, two independent reviewers
informally assessed methodological clarity, relevance, and data
reporting during full-text screening to ensure the inclusion of
scientifically credible studies.

The authors used this specific selection approach to base their
analysis on contemporary research which is peer-reviewed and
relevant to the field.

3 The healthy gastrointestinal
microbiome: a primer

A human body needs a balanced gut microbiome that
demonstrates resilience for proper health status (8). A thorough
understanding of normal gut bacterial communities helps to
determine how tropical infections affect human wellness because
these diseases often disrupt this delicate microbial network.

3.1 Composition and diversity

The gut microbiome consists of trillions of microorganisms,
where bacteria make up the greatest volume fraction (9). Out of all
gut microbiota bacterial phyla, the most common ones include
Firmicutes, Bacteroidetes, Actinobacteria, and Proteobacteria, and
Firmicutes along with Bacteroidetes make up around 90% of the
population (8, 9). The different phyla include many genera that
perform specialized functions essential to human well-being. Some
of these genera of bacteria, which stabilize our gut ecosystem,
consist of Bacteroides together with Prevotella, Corynebacterium
and Bifidobacterium, Lactobacillus and Fecalibacterium (8).

An expanded diversity level correlates with better resistance and
stability conditions within the microbial system. A low microbial
diversity, however, leads to multiple health conditions, such as
inflammatory bowel disease (IBD) and metabolic disorders. The
human microbiome undergoes a persistent evolutionary process that
affects the host system. The baseline diversity of the microbiome reacts
significantly to multiple factors, including age, dietary choices,
geographic location, drug usage, lifestyle habits, hormonal changes,
genetic background, and ongoing medical conditions (10-12).
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3.2 Key functions of the gut microbiome

The gut microbiome carries out numerous vital physiological
functions that are basic for human health maintenance.

3.2.1 Immune system development and
modulation

The gut microbiota is essential for immune system development
and regulation, training it to identify beneficial microbes while
preserving its ability to detect pathogens. Butyrate and other
SCFAs, for instance, facilitate the maturation of regulatory T cells
that work to sustain immune tolerance while suppressing excessive
inflammatory responses. It has been suggested that changes in
cytokine biosynthesis as well as other immunological effectors are
modulated through the influence of the gut microbiota (8, 10, 11, 13).

3.2.2 Barrier function against pathogens

Normal microbiome function protects the body from damage
through its competition with pathogens for essential nutrients and
wall-attachment surfaces within the digestive system. The
production of antimicrobial peptides by helpful bacteria also
protects the body from damaging microorganisms. Additionally,
the gut microbiome strengthens the intestinal epithelium through
excretion of mucus alongside tight junction forming proteins that
fill cellular spaces, thus creating a barrier that pathogenic agents
must overcome to cross through (8, 14).

3.2.3 Production of SCFAs and their roles

The gut bacteria transform soluble fibers into short chain fatty
acids (SCFAs), which include butyrate and propionate, and acetate.
Various metabolic products of gut bacteria, including SCFA, act as
cellular energy while simultaneously controlling inflammation and
defending the gut lining and modifying entire body metabolic
processes. For example, it has been demonstrated that butyrate
promotes anti-inflammatory reactions while strengthening gut
barriers and influencing immune functions, making it especially
significant for gut wellness (8, 12, 13). In addition, gut microbes
participate in fundamental metabolic processes, such as producing
B vitamins and Vitamin K, which are vital for many bodily
operations (8, 12, 13).

3.3 Homeostasis and stability

Microbial stability is defined by two key elements: resistance to
changes and the capability of protection against pathogens.
Furthermore, achievement of homeostasis depends on three
complementary factors: microbial competition, antimicrobial
metabolism and evolutionary control from the immune system.
Maintaining a resilient microbiome is achieved by following an
organized approach, which includes consumption of prebiotics and
probiotics, routine exercise, and restriction of antibiotic use to
emergency medical situations (9, 11, 15, 16).
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4 Dysbiosis of the gastrointestinal
microbiome in tropical infections

Infections due to bacteria, protozoa, and helminths create
profound effects on the gut microbiome while leading to
dysbiosis, which means an imbalance in the gut microbial
composition. The dysbiotic state features three main components,
which include the loss of beneficial microbes, an increase in
pathogenic bacteria, and an alteration in the composition of
microbes. These modifications lead to destructive impacts
throughout the digestive system, the immune system, and on the
health of infected people (17).

4.1 Mechanisms of microbiome disruption

4.1.1 Direct effects of pathogens

Both the environment in the gut and the makeup of the
microbiome can shift when an infection occurs. Bacterial, viral, or
parasitic agents may be responsible for these infections. When
pathogens reach the intestines, they can impact the microbiome
in various ways. They may deplete certain microbial compounds,
produce bioactive substances, and trigger an inflammatory
response, all of which contribute to modifications within the
microbial ecosystem (12, 18).

4.1.2 Host immune responses

Inflammation and antimicrobial peptide release as an immune
response to infection also influence microbial populations. Long-
term inflammation typically fosters a decline in beneficial
microorganisms while favoring pathogenic microorganisms to
grow. For example, the trophozoites of E. histolyticaproliferate in
intestinal lumen and phagocytose normal gut flora like
Lactobacillus ruminus (19, 20).

Bacterial
Infections

Protozoal
Infections

Helminthic
Infections

Direct Effects
of Pa,thogens
i

Healthy Infections e

o

Host Immune
Response

Anti-Infective
Treatments

FIGURE 1
Gut microbiome disruption in tropical infections.
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4.1.3 Effects of anti-infective treatments

The control of an infection depends heavily on the utilization of
anti-infective agents, including antibiotics. Antibiotics create
detrimental side effects because they destroy all existing microbes
without distinction, so they produce both lower microbial diversity
and more resistant microbial strains (17).

4.1.4 Environmental factors

Insufficient hygiene and unhygienic surroundings are believed
to contribute to the development of environmental enteropathy,
which mostly affects children and leads to growth faltering (21). A
study from Nicaragua found that the presence of animal feces on
household floors influenced gut bacteria, especially in children,
causing a change in the population of helpful and harmful bacteria.
Clostridium perfringens, S. infantarius, and Campylobacter jejuni
have been identified as potentially harmful microbes. At the same
time, beneficial organisms such as Anaerostipes s that produce anti-
inflammatory butyrate have also been found to be influenced by
animal fecal contamination in the household environment (22).
Additionally, diarrhea in children can work together with stunting
to alter the intestinal microflora. As diarrhea upsets the gut’s
microbial balance, stunting related to recurrent diarrhea further
slows the restoration of gut bacteria, which leads to less resistance to
new infection and a repeated cycle as shown in Figure 1 (23).

4.2 Specific examples of dysbiosis in key
tropical infections

4.2.1 Bacterial diarrheal diseases

Conditions such as cholera, shigellosis, and enterotoxigenic E.
coli infections usually entail marked changes to the gut microbiome.
Further, these infections reduce the abundance of favorable
microbes such as Lactobacillus and Bifidobacterium while
increasing pathogenic members like Enterobacteriaceae. Dysbiosis

Environmental
Factors

Loss of beneficial

microbes Dysbiosis

Increase in pathegenic
L microbes

04

L Alteration in the

composition of micrebes
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is characterized by decreased microbial diversity, which further
impairs the gut’s protective response against infections. Often,
metabolic pathways that help produce butyrate are lost, thus
impairing gut health (23-26).

4.2.2 Protozoan infections

Protozoan infections modify the host-microbiota interactions,
immune system, and bacterial constituents of the gut ecosystem.
Giardia intestinalis, Entamoeba histolytica, and Blastocystis are
examples of protozoa that metabolically engage with bacteria to
shape the microbiota composition. The bacterial composition
change brought about by Toxoplasma gondii also alters the gut
microbiota. The interplay between intestinal parasites and the gut
microbiome shapes immune responses and the disease course (27).

4.2.3 Helminth infections

Helminth parasites, especially the soil-transmitted ones, Ascaris
lumbricoides and Strongyloidesstercoralis, Ancylostoma duodenale,
Necator americanus, Trichuris trichiura, andEnterobius vermicularis
tend to cause chronic intestinal infections and alter the gut microbe
composition. For example, Trichuris-infected individuals showed a
marked shift from Bacteroidetes to Firmicutes and Clostridia (28, 29).
Helminth infections have been linked to greater abundance of
Lactobacillaceae species, which evoke host regulatory responses that
could mediate the retention of helminths, hinting at a synergistic
association of these bacteria with parasites. Furthermore, the
helminths change the profile of intestinal nutrients and niches by
disrupting glucose transport across the epithelium and changing
mucus viscosity, which could be advantageous for the populating and
glucose metabolizing bacteria like Mucispirillum and Clostridia. All
these factors illustrate the intricate microbial changes brought about by
helminths and their deeper consequences on the ecology of the gut
microbiome (30).

4.2.4 Neglected tropical diseases with
gastrointestinal involvement

Findings on neglected tropical diseases indicate that strongyloidiasis
can affect the gut microbiome, thus explaining ongoing chronic
symptoms, yet the evidence remains limited and sparse. Results from
studies on strongyloidiasis patients infected with Strongyloidesstercoralis
demonstrate that chronic infection causes microbial changes in which
the Ruminococcus torques group bacteria become dominant, which
destructively break down mucin and disrupt the protective barriers in
the gut. It was also found that chronic infection leads to modified
metabolic processes while removing beneficial SCFAs, which include
acetate, from the microbiome. The observed modifications in microbial
populations could help explain the gastrointestinal symptoms that
commonly occur in chronic cases (31-35).

4.3 Common patterns of dysbiosis across
tropical infections

The development of dysbiosis in different tropical infections
exhibits several shared characteristics:

Frontiers in Tropical Diseases

10.3389/fitd.2025.1620822

4.3.1 Decreased diversity

Having sparse microbial diversity represents the most enduring
and advancing element of dysbiosis that occurs with tropical
infections. Microbiota equilibrium suffers when diversity is
absent, which makes the microbiota more exposed to infection
and inflammation (36).

4.3.2 Elevated proteobacteria

The dysbiotic condition frequently reveals an increase of
Proteobacteria, which links to both inflammation and infection.
Many tropical infections yield this gut microbial change because
their pathogenic agents, including Salmonella and Escherichia coli,
thrive best when the gut is inflamed (37-39).

4.3.3 Altered barrier function and SCFA
production

During dysbiosis in tropical infection environments, intestinal
integrity weakens, and permeability rises, through which harmful
microbes can enter the bloodstream. In addition, the production of
SCFAs remains typically low in the gut, which generates an
intestinal setting that does not effectively restrict pathogenic
microbes (31, 32).

These identified patterns enable healthcare professionals to
develop targeted therapeutic interventions that improve gut
microbiome stability as well as patient clinical results for patients
with tropical infections a comparison is shown in Table 1.

5 Host recovery mechanisms and
microbiome restoration

5.1 Natural resolution of dysbiosis

After the gut flora is disrupted, restoration occurs in an orderly
fashion. The early bacteria that colonize the GI tract are the ones that
can replicate at a higher rate, tolerate an inflammatory environment,
and have metabolic versatility like the Enterobacteriaceae (40). The
pioneer species modify the environment and allow the emergence of
intermediate colonizers. After the inflammation completely resolves,
late colonizers appear, and the microbiome resembles the
pre-infection environment (41).

The gut microbiome is a dynamic ecosystem with natural coping
mechanisms to restore itself (42). There are bacteria in the gut
microbiome that have functional redundancy. This allows the
continuation of nutrient absorption and production of short-chain
fatty acids, i.e., gut stability despite the disappearance of some bacteria
species (43). The other mechanism through which the gut microbiome
restores itself is through the survival of a reservoir of beneficial microbes.
The adaptive mechanisms these bacteria use to survive disruptive events
include biofilm production, spore formation, and colonization of a
specific niche in the intestine, including the mucosa, crypts, or even host
cells (44). These microbes persist in lower numbers in specific areas of
the GI tract and proliferate after the infection is resolved. Since the GI
tract is not uniformly affected during infection, bacteria from less
affected areas could also migrate to re-establish the gut microbiome (45).
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The host immune system exerts selective pressure, aids in
infection resolution, and promotes commensal bacteria growth.
The immune system not only initiates the necessary inflammatory
response to clear the offending pathogen but also plays an active
role in the recolonization process by interacting with commensal
bacteria (46). Innate immune cells exert selective pressure by

of inflammation
mucin breakdown

influences barrier

producing pattern recognition receptors, secretory IgA, and
antimicrobial peptides like defensins and cathelicidines. This

Barrier function
Impaired, 1 permeability
Immune-microbiota interaction
May support immune control
Barrier disruption due to

prevents the overgrowth of opportunistic pathogens and aids
commensal bacteria growth (47, 48). Early epithelial cell repair is

also essential to reverse dysbiosis. Epithelial cells prevent bacterial
translocation through their tight cell junctions and the production
of mucus. They also aid in the detection of pathogen-associated

| Acetate,
altered metabolism

molecular patterns and release chemokines and cytokines that alter

Loss of butyrate-
producing pathways

SCFA impact

immune response and microbial proliferation (49).

Metabolic alterations
Potential preservation

5.2 Factors influencing microbiome
recovery

Interaction and succession between different species of the gut
microbiome is complex, and its recovery is affected by
several factors.

1 Enterobacteriaceae
metabolic interactions

5.2.1 Host-related factors

These are the factors that affect microbiome recovery include

| Lactobacillus, Bifidobacterium;
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age, genetics, the presence of comorbidities, and immune status.

1 Ruminococcus torques (mucin degradation)

Elderly patients and infants may have incomplete recovery because
the first group has a declining microbiome diversity, and the latter
has an immature microbiome (50). Host genetics determines the
composition of the gut microbiome, immune response to

diversity
Decreased
Altered
Variable
Decreased

Microbial

pathogens, and recovery. Animal studies have shown that host
genetics is responsible for the variation in the composition of the
gut microbiome between individuals. Genes like NOD2 and FUT2
are conserved across different species and are heritable (51). The
presence of comorbidities like inflammatory bowel disease also
affects the ability of the GI tract to reverse dysbiosis. As discussed
in the previous section, an intact immune system is also necessary
for fast and complete recovery (52).

Examples

5.2.2 Infection-related factors
In addition to host factors, infection-related factors like the type

Toxoplasma gondii

Trichuris, Ascaris, Hookworm
Strongyloides stercoralis

of pathogen, severity of infection, site of infection, and duration of

Cholera, Shigellosis, Enterotoxigenic E. coli

infection also affect the recovery process (52, 53). Some bacteria cause
toxin-mediated or direct epithelial damage, while some parasites

Giardia intestinalis, Entamoeba histolytica, Blastocystis,

dwell in the gut lumen for a long time, competing with commensal

bacteria for nutrients, which alters the microbiome, and some viruses,
like the Norovirus, can directly kill commensal bacteria. Animal
studies have also shown that helminth infections promote the
development of Treg cells, this alters the balance between these
cells and Thl cells, which results in reduced immune response to
and increased proliferation of invading bacteria. Some viruses, like
the Norovirus, can directly kill commensal bacteria (53). Bacteria like

Protozoan Infections
(GI involvement)

Infection category
Helminth Infections

Bacterial Diarrheal Diseases
Neglected Tropical Diseases

vibrio-cholera which induce a massive secretion of water accelerates
the removal of beneficial bacteria (24).

TABLE 1 Comparison of common dysbiotic features across different categories of tropical infections.

Frontiers in Tropical Diseases 06 frontiersin.org


https://doi.org/10.3389/fitd.2025.1620822
https://www.frontiersin.org/journals/tropical-diseases
https://www.frontiersin.org

Ayalew et al.

5.2.3 Lifestyle and environmental factors

Recovery is also affected by dietary habits, antibiotic use,
probiotic supplementation, etc. A diet rich in vegetables, fruits,
and fermented foods allows the re-establishment of the gut flora,
while processed and sugary foods could hinder it (54). Antibiotic
use can result in loss of beneficial bacteria and reduced short fatty
acid synthesis, which alters mucus production and intestinal
permeability (55). Environmental exposure and re-exposure alter
immune response to pathogens, and the metabolism and activity of
existing flora. It also accelerates microbiome recovery and
diversification. Exposure to plant microbiomes in green spaces, to
microbiomes in agricultural soil and livestock in farms, or contact
with pets allows the exchange and colonization of the human gut
with new microbiomes (56).

5.3 Potential therapeutic interventions for
microbiome restoration

Some of the methods that can be applied for restoring balance to
the gut microbiome include probiotics, prebiotics, or synbiotic
administration, and in advanced cases, fecal microbiota
transplants. Probiotics can be defined as immunomodulatory and
anti-neoplastic microorganisms with the capability of restoring gut
microbiota. The probiotics that are well studied with a confirmed
benefit for microbiome recovery are currently in use include
Lactobacilli, Bifidobacteria, Bacillus s, etc. Probiotics like
Lactobacilli produce inducible polyphosphate, which enhances the
integrity of the intestinal epithelium and reduces its permeability.
They also produce glyceraldehyde-3-phosphate, which they use to
adhere to the intestinal epithelia and prevent GI colonization by
pathogenic bacteria. They also produce peptides that directly target
the cell membranes of pathogenic bacteria (57, 58).

Prebiotics to note are fructo- and galacto-oligosaccharides as
well as inulin. They are considered indigestible and promote better
gut flora. They can be used to synthesize short-chain fatty acids,
which have anti-inflammatory effects and are essential for epithelial
cohesion. They also selectively regulate the growth of commensal
saprophytic bacteria (59). The co-administration of a prebiotic and
a probiotic, also called synbiotics, increases the chance of probiotic
survival and colonization efficiency and amplifies all the positive
effects these two agents exert (59, 60).

Fecal microbiota transplantation (FMT) is indicated in severe
cases and usually for patients with inflammatory bowel disease,
recurrent Clostridium Difficile infection, and antibiotic-associated
dysbiosis. It results in direct reconstitution of the gut flora,
production of fermentation products that are necessary for gut
epithelia integrity, normal colonocyte function, and immune
modulation. It also reduces the risk of colonization by pathogenic
bacteria. In tropical settings, the higher prevalence of
immunocompromised and malnourished patients and the
increased risk of transmitting antibiotic-resistant bacteria make it
less safe. Also, since there is a higher burden of parasitic, viral, and
bacterial GI infections in this area, stool screening should be
expanded. In addition to this, the cultural acceptance of the
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procedure, the shortage of trained health professionals who can
do the procedure, and the cost of stool screening and processing
make FMT less feasible in resource-strained regions (61).

Several dietary compositions can be used to enhance the
restoration of the gut microbiome. They include the Mediterranean,
low FODMAP, and vegan diets. The Mediterranean diet is low in
processed foods and is mainly composed of fruits, vegetables, legumes,
and olive oil. Since it is rich in fibers, which serve as prebiotic and anti-
inflammatory polyphenols, this dietary pattern is suitable to promote
microbiome recovery and diversity. Vegan diets contain a high level of
anti-inflammatory phytochemicals. They also supply a good amount of
fiber to the gut flora. The low FODMAP diet avoids the short-chain
carbohydrates like oligosaccharides that are fermented to gas in the
large intestine and cause bloating. Shown in Figure 2 (62).

6 Long-term clinical consequences of
microbiome dysbiosis following
tropical infections

6.1 Post-infectious gastrointestinal disorders

6.1.1 Post-infectious irritable bowel syndrome

The mechanisms of post-infectious IBS development include
altered gut mobility, visceral hypersensitivity, low-grade
inflammation, and microbiota dysbiosis. Enteric pathogens like
Giardia Lamblia disrupt epithelial integrity, bacteria like
Salmonella typhimurium induce IL-18 and IFN-v release and alter
gut microbiota (63). Pathogens like Campylobacter Jejuni and
Shigella Flexneri induce NF-xB release, inflammation, and CD68
cell reduction. Studies have also revealed mast cell accumulation
and altered serotonin signaling after GI infection (64). The
persistent low-grade GI inflammation associated with altered GI
signaling and visceral hypersensitivity could result in IBS. In a study
done on patients after shigella infection, female sex, older age,
having abdominal cramps, and more than 4 days of diarrhea were
associated with a higher risk of developing post-infectious IBS (65).

6.1.2 Post-infectious functional dyspepsia

Post-infectious dyspepsia occurs in 12.7% of patients after acute
gastroenteritis (66). Persistent low-grade inflammation, the altered
gut microbiome, altered gut-brain axis, altered gut motility, and
visceral hypersensitivity all contribute to post-infectious functional
dyspepsia. Patients with IBS are at higher risk of developing post-
infectious dyspepsia compared to those without. Altered gastric
sensory motor function and immune system alteration are thought
to be responsible for this overla (67) Prolonged abdominal pain and
vomiting during gastroenteritis are predictive of post-infectious
functional dyspepsia (68).

6.1.3 Chronic abdominal pain and altered bowel
habits

Microbiome dysbiosis associated with chronic low-grade
inflammation, altered gut motility and permeability, mast cell
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accumulation and activation in the mucosa contributes to the
development of chronic abdominal pain after a gastrointestinal
infection (68, 69). post-infectious bowel habit changes result from
dysbiosis induced overgrowth of some bacteria. This results in
excessive fermentation and production of gas, reduced short-
chain fatty acid production, and disrupted bile acid metabolism.
Altered gut permeability and motility also play a role (70).

6.2 Malnutrition and growth stunting

Persistent gut microbiome alteration results in impaired
availability, production, and absorption of nutrients. The reduced
synthesis of short-chain fatty acids, which are the main sources of
energy for colonocytes, results in impaired nutrient absorption by
these cells. Dysbiotic bacteria consumes nutrients and also releases
peptides that interfere with the absorption of nutrients, which
reduces the amount of available nutrients for absorption.
Alteration of gut pH and impaired bile acid metabolism result in
decreased absorption of fats and minerals. Microbiome dysbiosis
could also result in a decrease in the vitamin-producing bacterial
population (70, 71). The chronic inflammation associated with
microbiome dysbiosis interferes with the signaling of growth
factors like insulin derived growth factor and human growth
hormone. These factors result in chronic malabsorption,
malnutrition, and impaired growth during childhood. It could
also lead to obesity later in life (72).
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6.3 Increased susceptibility to secondary
infections

Short-chain fatty acids like propionates and butyrates reduce
the production of inflammatory cytokines by inhibiting histone
deacetylase and activating G-protein coupled receptors that
enhance the production of anti-inflammatory cytokines like IL-10
and TGF-P. This makes them essential for gut mucosal immunity
and integrity. The microbiome also produces antimicrobial peptides
that prevent the overgrowth of opportunistic bacteria (73).
Commensal bacteria-derived p40 protein activates epidermal
growth factor signaling and its downstream components,
resulting in the proliferation of intestinal epithelial cells and the
production of tight junctions. Short-chain fatty acids upregulate the
expression of claudin and actin-binding proteins. They also induce
the production of mucus secretion, which contains antibacterial
substances like cathelicidines, ubiquitin, defensins, etc., by goblet
cells, which helps maintain the integrity of the gut barrier. Lack of
these beneficial effects alters the response and integrity of the gut
epithelium to offending microbes (73, 74).

6.4 Potential extraintestinal manifestations

The gut microbiome is crucial in maintaining the balance
between proinflammatory and anti-inflammatory actions of the
intestinal epithelia. Microbiome dysbiosis would lead to the loss of
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anti-inflammatory effects of beneficial gut flora and its
metabolites. Increased gut permeability to bacterial products like
lipopolysaccharides cause pattern recognition receptor activation
and subsequent inflammation. Some bacterial products can mimic
self-antigens and trigger autoimmune responses (75). Short-chain
fatty acids play a role in glucose metabolism by increasing the
release of glucagon-like peptide 1 (GLP-1). Lack of this effect,
combined with chronic inflammation, results in the dysfunction of
the insulin signaling pathway. This increases the likelihood of
insulin resistance and type II diabetes. Altered gut permeability
and persistent immune stimulation also contribute to the
development of autoimmune diseases like inflammatory bowel
disease and systemic lupus erythematosus (76).

The gut microbiome also plays an important role in the
regulation of the gut-brain axis. Metabolites like short-chain fatty
acids induce the production of neurotrophic factors and
downregulate the production of neuroinflammatory mediators
and play a crucial role in brain recovery after traumatic brain
injury and stroke (77). Short fatty acids also play a role in cognition
by limiting the amount of kynurenic acid that reaches the
hippocampus by reducing its production from tryptophan in the
gut. The gut microbiome also plays a role in the production of
neurotransmitters like dopamine, glutamate, gamma-aminobutyric
acid, norepinephrine, and serotonin, and it also regulates
tryptophan metabolism (78, 79). Microbiome dysbiosis has been
associated with neurodevelopmental disorders like autistic
spectrum disorder, neurodegenerative diseases like Alzheimer’s
disease, mood disorders, and eating disorders (80).

6.5 Impact on vaccine efficacy

Oral vaccination effectiveness is impacted by microbiome
dysbiosis in a number of ways. Oral vaccination effectiveness is
dependent on well-functioning antigen-presenting cells. A change
in the gut microbiome may decrease these cells, change how co-
stimulatory signals are expressed, and affect the phenotype of
differentiating antigen-presenting cells. Additionally, vaccine
antigens may be broken down by opportunistic microbes.
Furthermore, the establishment of secondary germinal centers
and the immunological response to vaccine antigens could be
hampered by altered gut permeability and a deficiency of
microbial metabolites (81, 82).

7 Challenges and future directions

7.1 Challenges in studying the microbiome
in tropical settings

Understanding the gut microbiome in tropical environments
offers significant advantages and disadvantages that will dictate how
planned study designs are conducted as well as how data produced
from this research is interpreted. Studying microbiomes in tropical
settings has its own challenges. One major factor, compromising
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sample integrity and data reliability, would be logistics, specifically
sample collections, transportation, and processing with limited
resources. Polyparasitism and other co-infections are also
prevalent in these regions, making data interpretation more
complicated. This makes difficult to pinpoint the microbiome
response to a specific environmental component or a single
infection (83).

Environmental conditions including sanitation or specific diet
practices of the local area may vary the character of the microbiome.
Such pronounced inherent variability complicates efforts to
establish a clear healthy microbial baseline applicable across these
diverse populations. A significant portion of current knowledge
stems from cross-sectional studies, inherently limiting the capacity
to determine causal relationships. Research efforts are frequently
hampered by insufficient sample sizes, often draw participants
solely from hospital settings, and exhibit a lack of uniform
methods for sampling, sequencing, data analysis, and defining
outcomes, thereby obstructing meaningful comparisons across
different studies. A critical gap exists in the form of longitudinal
research capable of tracking microbial community shifts
throughout infection and subsequent recovery. Additionally, the
influence of socio-environmental factors is commonly neglected in
research designs, and information gathered from rural community
settings remains notably scarce (83).

7.2 Future research priorities

Overcoming these obstacles demands a clear, strategic
orientation for upcoming research initiatives. Executing large-
scale longitudinal cohort studies, designed with rigorous controls
and encompassing varied tropical locales, stands out as a chief
priority. Studies of this nature are indispensable for thoroughly
mapping the dynamics of the microbiome prior to, during, and
following infectious episodes, linking observed microbial changes to
patterns of clinical progression, recovery pathways, and the
eventual onset of long-term health consequences. Simultaneously,
dedicated research efforts must aim to pinpoint distinct microbial
indicators, whether specific taxa, functional capabilities, or
metabolic products, that could function as dependable biomarkers
for diagnosing conditions, predicting prognoses, or guiding
therapeutic choices for prevalent tropical diseases; insights like
the potentially protective microbial profiles noted in malaria
studies offer a foundation (84). To progress beyond merely
describing microbial communities, it’s imperative to explore the
functional impacts of dysbiosis through integrated multi-omics
strategies. Effectively combining metagenomic data with meta-
transcriptomic, metabolomic, and host immunological analyses is
vital for untangling the complex mechanistic connections involving
the microbiome, host immune functions, and the ways diseases
develop, exemplified by investigating how gut-derived metabolites
influence systemic immune activity (85).

Another area that will need to be balanced as an example
through trial phase methods and evaluation is the initiation of
microbiome focused intervention. There would be value in
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designing clinical trials to assess the effectiveness of probiotics,
prebiotics, synbiotics or postbiotics to reduce rates of pathogen
infections, lessen disease burden, or enable recovery to help further
clinical and community life - as well as a possible way to phase or
strengthen other treatment practices, for example in cholera and
oral rehydration therapy (86), or in cases of amoebiasis and the
effect of antibiotics while emphasizing the importance of stability of
the microbial communities (87).

One major research paradigm continues to be how microbiota
resident of the gut will influence vaccine efficacy through enhancing
the immune response in future work in contexts in which
vaccination has previously not been successful in leading to an
immune response. Future work and follow-ups, ultimately, depend
on and continue to be rooted in context, cultural sensitivity and
ethics. This requires collaborative efforts drawing together diverse
specialists and community representatives, ensuring research plans
align with regional realities like dietary norms and traditional health
practices. Such an approach enhances the practical relevance and
potential longevity of both research insights and health
interventions. Advancing the field will also depend on developing
standardized methodologies and encouraging shared access to
microbiome data, particularly covering less-represented tropical
areas, which is necessary for conducting more powerful meta-
analyses and enabling broader scientific comparisons (82).

8 Discussion

This review integrates evidence of GI microbiome being an
important part of the pathogen-host interactions in tropical
infections. Dysbiosis is heavily involved in the pathogenesis of
infections like amoebiasis, dengue, malaria, and cholera, rather
than being a consequence of disease (83). This influence on the
disease outcomes is supported by clinical as well as experimental data.
For instance, research shows that initial GI microbial composition
has an effect on malaria susceptibility. A study in Mali showed
children with particular gut microbiota profile got less episodes of
febrile malaria implying that these microbial patterns offer protection
(84). Research using experimental models confirmed that cerebral
malaria disrupts intestinal structure and alters microbial
communities which suggest involvement of the gut-brain-immune
axis (88). Waide and Schmidt (87) demonstrated that metabolites
produced by the gut can affect both systemic immune reactions and
the elimination of parasites. The gut microbiome’s integrity serves as
an evident factor that impacts cholera disease progression. Vibrio
cholerae successfully colonizes environments with dysbiotic
microbiota which is commonly found in areas with endemic
disease and populations experiencing undernutrition and previous
infections. Animal studies using microbiota transplant models
demonstrate that rebalancing gut microorganisms reduces cholera
toxin-induced disease and stops pathogen adhesion mainly through
changes in bile acid metabolism and nutrient competition (86).

Patients with severe dengue exhibit both enhanced gut
permeability and microbial elements translocating into their
bloodstream. Suwannakarn et al. A study by Suwannakarn et al.
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(89) found that severe dengue patients had increased endotoxin and
microbial DNA levels in their blood and these levels related to
stronger inflammatory reactions and negative health outcomes. The
GI barrier and microbiome play significant roles in the
immunopathogenesis of dengue. The severity of amoebiasis
infections can increase when patients experience dysbiosis resulting
from antibiotic treatment or an inadequate diet. Research using
animals demonstrates that Entamoeba histolytica infection worsens
colitis in hosts with depleted microbiota because of reduced
neutrophil recruitment and defective mucosal immunity (87). Soil-
transmitted helminth infections in India led to reduced Lactobacillus
levels alongside modified short-chain fatty acid profiles which
potentially impaired immune function and nutrient absorption
(90). Helminths play a dual role in which they both influence the
gut microbiota while being influenced by it. The current literature has
both strengths and limitations which need consideration. Next-
generation sequencing platforms including 16S rRNA gene
sequencing and whole-genome metagenomics have become
essential for modern research by enabling precise taxonomic and
functional microbiome analysis particularly in tropical environments.
The adoption of advanced sequencing platforms has enabled
researchers to discover microbial patterns linked to infection
severity as well as recovery and treatment results (87).

Nonetheless, the field faces several limitations. Cross-sectional
study designs dominate the field and create obstacles for drawing
causal conclusions. Research studies commonly use limited sample
sizes that focus only on hospital-based cohorts and lack consistent
protocols for sampling and sequencing as well as unified definitions for
outcomes. The scientific literature lacks longitudinal studies which
follow the microbiome from initial infection to full recovery to evaluate
both resilience and ongoing dysbiosis. Establishing a standard healthy
microbiome for tropical populations proves difficult because individual
differences in microbiome composition arise from dietary habits,
sanitation conditions, co-infections, and exposure to antimicrobials.
Research designs frequently overlook socio-environmental factors that
shape microbiome composition and data from rural communities is
particularly limited. Microbiome dysbiosis manifests in both tropical
infections and non-tropical diseases such as influenza and COVID-19.
Alterations in microbiome occur beyond tropical diseases and
scientists have found similar changes in non-tropical infections
including influenza, COVID-19 and Clostridioides difficile infection.
Microbiome dysbiosis shows decreased protective Firmicutes alongside
increased proinflammatory Enterobacteriaceae taxa. The
pathophysiology of COVID-19 includes gut barrier disruption and
systemic endotoxemia which resembles the condition seen in serious
dengue cases (87, 89).

Tropical infections typically create complex interactions of
stressors alongside malnutrition and chronic parasitic loads which
lead to environmental enteropathy that results in more intricate or
permanent dysbiosis. The influence of cultural and dietary factors
such as fiber consumption and herbal medicine use on microbiome
recovery trajectories complicates direct comparisons between
tropical and non-tropical populations. The study of microbiome
involvement in tropical diseases presents extensive practical
applications for healthcare professionals and public health
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TABLE 2 Patterns of dysbiosis in four major tropical infections.

Infection Key changes Recovery Clinical impact
Malaria | Bifidobacterium, 1 Proteobacteria 3-6 months Increased gut permeability, systemic inflammation
Cholera | SCFA producers (F. prausnitzii, Roseburia) ~2-4 weeks Malabsorption, poor mucosal healing
Dengue 1 Enterobacteriaceae, 1 intestinal permeability ~3 months Systemic viremia exacerbation
Amoebiasis 1 Prevotella, 1 E. histolytica synergy Unknown Enhanced invasion, epithelial breakdown

policies. Medical professionals can use microbiome profiles as  dynamics. Its effect ranges from susceptibility to recovery and

indicators to predict disease outcomes and monitor treatment  possibly to long-term consequences. Recognizing this major role

effectiveness. The discovery of protective microbiota related to  allows new avenues for diagnostics, prevention, and treatment. We

malaria will lead to specific probiotic development approaches.  need more rigorous research on how to use the GI microbiome to

Disease control plans can definitely benefit from public health  help treat tropical infections. This research should bring together

strategies primarily focusing on microbiome restoration and  different kinds of experts, focus on the needs of each region, and fit

preservation. Similarly, in areas where cholera is quite prevalent, into global health plans. If we can understand and use the

several gut-stabilizing methods can serve as additional support to  microbiome better, it could be a game-changer for helping people

oral rehydration therapy. Nutritional and probiotic interventions  who are most affected by these diseases.

guided by microbiome data show great potential for malnourished

children suffering from frequent diarrhea and delayed recovery

periods. The application of post-antibiotic microbiota recovery Author contributions

methods can lead to improved results in amoebiasis management

while deworming programs that consider microbiome preservation BA: Writing - original draft, Writing - review & editing,

minimize adverse effects during helminth treatment. Better gut ~ Conceptualization, Project administration. MU: Project

health can increase vaccine effectiveness which becomes especially ~ administration, Writing - original draft, Writing - review &

important in areas where vaccination rates are low (88). editing. MS: Project administration, Writing - original draft,
Upcoming studies must focus on longitudinal research that ~ Writing - review & editing, Visualization. AA: Methodology,

follows infection progression through recovery stages and evaluates =~ Writing — original draft, Writing - review & editing, Investigation.

lasting results across various tropical environments. Critical — KB: Investigation, Methodology, Writing — original draft, Writing -

assessment through interventional trials of probiotics, synbiotics,  review & editing. TS: Investigation, Visualization, Writing — original

and postbiotics effect on infection outcomes remains an urgent  draft, Writing - review & editing. YZ: Writing - original draft,

research priority. Microbiome datasets that are standardized and ~ Writing - review & editing, Investigation, Methodology. EG:

openly accessible from tropical regions which are currently  Investigation, Writing - original draft, Writing - review & editing.

underrepresented would enable researchers to conduct comparative ~ ZA: Investigation, Writing — original draft, Writing - review &

studies across different research projects and perform meta-analyses.  editing. AS: Writing — original draft, Writing — review & editing,
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with metabolome and host immune information are crucial for

discovering mechanistic connections. Future research efforts need

to address specific contexts and demonstrate cultural sensitivity. Funding

More collaboration is required among clinicians, microbiologists,

local communities and healthcare workers for successful research. The author(s) declare that no financial support was received for
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