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Abstract:

The COVID-19 pandemic has fundamentally shifted our understanding of
what defines an “enteric virus.” Traditionally associated with pathogens
causing acute gastroenteritis, the term is now expanding as evidence
accumulates that SARS-CoV-2—primarily viewed as a respiratory virus—
readily infects the gastrointestinal tract. The presence of ACE2 receptors in
the gut, frequent fecal shedding of viral RNA, and the success of wastewater
surveillance have highlighted an underappreciated enteric dimension of
COVID-19. Persistent gastrointestinal symptoms and microbiome
alterations in post-acute cases highlight the critical role of the gut in both
acute and chronic viral diseases. This new perspective extends beyond
SARS-CoV-2: many viruses categorized by their primary symptoms, such
as adenoviruses, enteroviruses, and herpesviruses, can display significant
enteric involvement, especially in vulnerable hosts. As a result, traditional
boundaries between respiratory, neurological, and enteric viruses have
become increasingly blurred. This broader view calls for integrated
diagnostics, surveillance strategies that include wastewater monitoring, and
a stronger focus on the gut’s role in viral pathogenesis. Ultimately,
redefining “enteric virus” fosters better pandemic preparedness and more
comprehensive care for viral disease, urging infectious disease research to
move beyond outdated classifications in favor of a system-wide approach.
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Infroduction:

For years, “enteric virus” has almost exclusively brought to mind the
familiar set of pathogens linked to gastroenteritis—rotavirus, norovirus,
adenovirus, and astrovirus—well-known for causing nausea, diarrhea, and
dehydration. This traditional framing has shaped not just our scientific
understanding but also how clinicians diagnose cases and public health
officials manage outbreaks. The arrival of COVID-19, however, has
fundamentally disrupted this once-stable picture.

SARS-CoV-2—Ilong classified as a respiratory virus—has proven that viral
infections do not always respect tidy definitions. Its ability to infect cells in
the gastrointestinal tract, trigger digestive symptoms, and shed viral RNA in
feces has blurred the once-clear line between respiratory and enteric viruses.
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These findings force us to rethink the core assumptions that guide
research into viral behavior and disease. Rather than fitting viruses
neatly into separate categories, we now face a more complex reality
where the boundaries are fluid, and “enteric” involvement can be
just as important as respiratory—or even come to the forefront.
This shift compels us to revisit our approaches to diagnostics,
surveillance, and treatment, making space for a more nuanced and
adaptable view of how viruses interact with the human body.
SARS-CoV-2: The Catalyst for Conceptual Revolution
Evidence of Profound Enteric Tropism

The gastrointestinal tract has emerged as a critical battleground for
SARS-CoV-2 infection, with ACE2 receptors expressed at far
higher levels in the small intestine than in the respiratory tract (1).
This receptor distribution pattern creates a biological foundation
for significant enteric involvement. Studies have consistently
demonstrated that SARS-CoV-2 can directly infect and replicate
within intestinal epithelial cells (2, 3), with viral RNA and
nucleocapsid proteins detected in gastric, duodenal, and rectal
epithelia (2).

The clinical manifestations of this enteric tropism are substantial.
Gastrointestinal symptoms occur in 25% of COVID-19 patients
(4), with diarrhea affecting 8-17% of cases(3). Importantly, these
symptoms can precede respiratory manifestations or occur
independently, challenging the traditional respiratory-centric view
of COVID-19 (3). The virus demonstrates remarkable persistence
in the gastrointestinal tract, with viral RNA detected in feces for up
to 5 weeks after respiratory samples test negative (5).
Revolutionary Implications for Transmission

The enteric dimension of SARS-CoV-2 has profound implications
for transmission dynamics. Fecal-oral transmission, while not the
primary route, represents a plausible and potentially significant
secondary pathway (6). Studies have shown that 46.5% of COVID-
19 patients had positive stool samples for viral RNA (6), and
experimental evidence demonstrates that fecal SARS-CoV-2 can
indeed infect cell cultures and animal models (6).

Perhaps most significantly, wastewater surveillance has emerged
as an invaluable tool for community-level monitoring (7, 8). The
detection of SARS-CoV-2 RNA in wastewater provides early
warning signals for outbreaks, often preceding clinical case
identification by days to weeks (9). This surveillance approach has
proven so effective that it has been implemented in over 55
countries across more than 2,690 monitoring sites (8).

Long-term Gastrointestinal Consequences

The enteric involvement of SARS-CoV-2 extends far beyond acute
infection. Long COVID manifests with persistent gastrointestinal
symptoms in a significant proportion of patients. Common long-
term manifestations include chronic diarrhea, abdominal pain,
irritable bowel syndrome-like symptoms, and profound alterations
in gut microbiota composition. These persistent symptoms suggest
that the virus may establish reservoirs in the gastrointestinal tract
or trigger lasting immune dysregulation (10).

The gut-brain axis emerges as a critical pathway for understanding
COVID-19's neurological sequelae (11). Gut dysbiosis induced by
SARS-CoV-2 infection can lead to increased intestinal
permeability, bacterial translocation, and systemic inflammation
that ultimately affects brain function (11). This connection
illustrates how enteric viral infections can have far-reaching
consequences beyond the gastrointestinal system.

Beyond SARS-CoV-2: Redefining the Enteric Virus Landscape
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The Broader Spectrum of "Non-Classical" Enteric Viruses
SARS-CoV-2 is not an isolated anomaly but rather a prominent
example of how viruses traditionally categorized by their primary
clinical manifestation can have significant enteric involvement.
Adenoviruses, particularly serotypes 40 and 41, are well-
established causes of gastroenteritis(12), but other serotypes may
also contribute to gut pathology in broader infections.
Enteroviruses present a fascinating paradigm of viral tropism
heterogeneity (13). While known for neurological manifestations
like poliomyelitis and hand-foot-mouth disease, these viruses
replicate extensively in the gastrointestinal tract. The comparison
between EV-D68 (respiratory) and EV-D94 (enteric) demonstrates
how closely related viruses can display dramatically different
tissue tropism patterns(13).

Herpesviruses, including cytomegalovirus (CMV) and Epstein-
Barr virus (EBV), cause significant gastrointestinal disease in
immunocompromised individuals (14). CMV colitis is well-
recognized in transplant recipients and AIDS patients, while EBV
can cause severe hemorrhagic colitis (14). These viruses illustrate
how host immune status profoundly influences the manifestation
of enteric viral infections.

Respiratory Viruses with Unexpected Gut Connections

Influenza virus infection demonstrates remarkable systemic effects
on the gastrointestinal tract despite being primarily respiratory
(15). Influenza infection alters gut microbiota composition through
type I interferons, leading to intestinal inflammation and barrier
dysfunction (15). This systemic effect can predispose patients to
secondary bacterial infections and contributes to the
gastrointestinal symptoms often observed in influenza patients.
Respiratory syncytial virus (RSV) infection similarly affects gut
microbiota through induction of appetite suppression (16). The
cellular immune response to lung infection triggers changes in
feeding behavior, which in turn alters the gut microbiome and
metabolome (16). This connection between respiratory viral
infections and gut health represents a fundamental shift in our
understanding of viral pathogenesis.

The Path Forward: Transforming Diagnostic and Surveillance
Approaches

Enhanced Diagnostic Strategies

As our understanding of enteric viruses broadens, it’s become clear
that we need more inclusive diagnostic strategies—ones that
recognize gastrointestinal symptoms even in viruses not
traditionally considered enteric. To get a clearer picture of how
these viruses behave, clinicians and researchers must analyze not
just stool samples, but also respiratory and blood specimens (17).
Modern molecular tools like RT-qPCR and next-generation
sequencing have become essential in this process (18). They offer
the accuracy needed to detect viral RNA across different types of
samples, and they’re especially valuable for tracking how viruses
evolve and identifying new variants (18).

Integrated Surveillance Systems

Wastewater-based epidemiology must be integrated with clinical
surveillance to create comprehensive monitoring systems. The
COVID-19 pandemic has demonstrated the power of combining
environmental and clinical data to provide early warning signals
and track disease trends (19).

Future surveillance systems should adopt a holistic approach that
integrates information from multiple sources. This includes
traditional clinical surveillance, environmental monitoring, and
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novel data streams such as mobile health applications and citizen
science reporting.

Therapeutic Innovations Targeting the Gut-Virus Interface
Microbiome-based therapeutic interventions represent a promising
frontier for antiviral therapy (20). Probiotics, prebiotics, and fecal
microbiota transplantation have shown efficacy in modulating viral
infections by enhancing gut barrier function and immune
regulation (20).

Targeting the gut-brain axis offers novel therapeutic approaches for
managing the neurological consequences of viral infections.
Understanding how gut dysbiosis contributes to neurological
symptoms opens new avenues for intervention using microbiome-
targeted therapies.
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