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Post-Acute Sequelae of SARS-CoV-2 infection (PASC), commonly known as Long COVID, represents a 
significant and complex health challenge with a wide range of symptoms affecting multiple organ systems. 
This review examines the emerging evidence suggesting a critical role of the gut and gut-brain axis in 
the pathophysiology of Long COVID. It explores how changes in the gut microbiome, disruption of 
gut barrier integrity, and the persistence of SARS-CoV-2 antigens within the gastrointestinal tract may 
contribute to the prolonged and varied symptoms seen in Long COVID, including chronic inflammation 
and neuropsychiatric disturbances. The review also summarizes key insights gained about Long COVID, 
highlighting its multifactorial nature, which involves immune dysregulation, microvascular damage, 
and autonomic nervous system dysfunction, with the gut playing a central role in these processes. While 
progress has been made in understanding these mechanisms, current evidence remains inconclusive. The 
challenges of establishing causality, standardizing research methodologies, and addressing individual 
variations in the microbiome are discussed, emphasizing the need for further longitudinal studies and 
more comprehensive approaches to enhance our understanding of these complex interactions. This review 
underscores the importance of personalized approaches in developing effective diagnostic and therapeutic 
strategies for Long COVID, while also acknowledging the significant gaps in our current understanding. 
Future research should aim to further unravel the complex interplay between the gut and Long COVID, 
ultimately improving outcomes for those affected by this condition.
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INTRODUCTION

Post-Acute Sequelae of SARS-CoV-2 infection 
(PASC), commonly referred to as Long COVID, has 
emerged as one of the most complex and challenging 
health issues following the COVID-19 pandemic [1]. 
Unlike the acute phase of COVID-19, which primarily 
affects the respiratory system, Long COVID is charac-
terized by a wide array of symptoms that can persist for 

weeks, months, or even longer, affecting various organ 
systems [2]. Symptoms of Long COVID include chronic 
fatigue, cognitive impairments often described as “brain 
fog,” shortness of breath, chest pain, gastrointestinal is-
sues, and a host of other manifestations that vary greatly 
among individuals [3]. Notably, these symptoms can oc-
cur regardless of the initial severity of the SARS-CoV-2 
infection, meaning that even those with mild or asymp-
tomatic COVID-19 can experience significant long-term 
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effects [4].
Understanding the pathophysiology of Long COVID 

has proven to be an intricate endeavor. The condition is 
believed to arise from a combination of factors, includ-
ing persistent viral reservoirs, immune dysregulation, 
microvascular damage, and autonomic nervous system 
dysfunction. The heterogeneity of symptoms and their 
variability across different individuals suggest that Long 
COVID is likely a multifactorial syndrome with complex 
interactions among various biological systems [5]. This 
complexity poses significant challenges in developing 
effective diagnostic and therapeutic strategies. Current 
research is increasingly focusing on the potential role 
of the gut and its microbiome in the pathophysiology of 
Long COVID, offering new insights that could lead to 
novel approaches for treatment [6-8].

The gut, often referred to as the “second brain,” plays 
a crucial role in maintaining overall health. It is deeply 
involved in digestion, immune regulation, and commu-
nication with the central nervous system (CNS) via the 
gut-brain axis [9]. The gut microbiome—a diverse com-
munity of microorganisms residing in the gastrointestinal 
tract—is essential for these functions and has been impli-
cated in a wide range of diseases, particularly those with 
an inflammatory or autoimmune component [10]. Given 
this context, researchers are now investigating how alter-
ations in the gut microbiome and gut function might con-
tribute to the pathophysiology of Long COVID [11,12].

The gut-brain axis, a bidirectional communication 
network, is central to this investigation. This system in-
volves neural, hormonal, and immunological pathways 
that facilitate constant interaction between the gut and the 
brain [13]. Disruptions in the gut-brain axis have been 
implicated in various conditions, including irritable bow-
el syndrome (IBS), depression, anxiety, and neurodegen-

erative diseases [14,15]. The role of the gut microbiome 
in modulating brain function and behavior has become a 
critical area of study, particularly in the context of Long 
COVID, where neuropsychiatric symptoms are prevalent 
[12,16].

This review aims to provide a comprehensive explo-
ration of the current understanding of the gut’s involve-
ment in the pathophysiology of Long COVID. It will 
examine the impact of acute COVID-19 on the gut, the 
potential persistence of SARS-CoV-2 antigens within 
the gastrointestinal tract, and the subsequent effects on 
immune function and overall health. Furthermore, the re-
view will delve into the role of serotonin in the gut-brain 
axis and its implications for the neurological and gastro-
intestinal symptoms seen in Long COVID. By synthe-
sizing the available evidence, this review seeks to offer 
insights that could inform future research and therapeutic 
strategies, with a focus on the potential for gut-targeted 
interventions in the management of Long COVID.

OVERVIEW OF GUT PHYSIOLOGY AND 
THE GUT-BRAIN AXIS

The human gut hosts a vast and diverse community 
of microorganisms, collectively known as the gut micro-
biome [17]. This complex ecosystem includes bacteria, 
viruses, fungi, and archaea, with bacteria being the most 
abundant [18]. The gut microbiome plays a critical role 
in maintaining overall health by aiding in digestion, syn-
thesizing essential vitamins, regulating immune function, 
and protecting against pathogens [19]. The composition 
of the gut microbiome is unique to each individual and 
is influenced by various factors, including diet, genetics, 
environment, and lifestyle [20]. The microbiome consists 
besides others of four major bacterial phyla: Firmic-
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utes, Bacteroidetes, Actinobacteria, and Proteobacteria. 
Firmicutes and Bacteroidetes are the most dominant 
in Western societies, and a balance appears crucial for 
maintaining gut health [21]. An imbalance in this micro-
bial community, known as dysbiosis, has been linked to 
numerous health conditions, such as inflammatory bowel 
disease, obesity, diabetes, and neurological disorders 
[22,23]. The gut microbiome is not static; it can change in 
response to various external factors, making it a dynamic 
and responsive component of human physiology [24].

Emerging research has highlighted the role of the gut 
microbiome in regulating the immune system. The gut-as-
sociated lymphoid tissue (GALT), a part of the immune 
system, is located in the gut and interacts closely with 
the microbiome [25]. The gut microbiome influences the 
development and function of immune cells, including T 
cells, B cells, and macrophages, and plays a key role in 
maintaining immune tolerance [26,27]. Disruptions in 
the gut microbiome can lead to immune dysregulation, 
contributing to the development of inflammatory and 
autoimmune diseases [26]. This connection between the 
gut microbiome and immune function appears to be par-
ticularly relevant in the context of Long COVID, where 
chronic inflammation and immune dysregulation are cen-
tral features [11,12].

The gut-brain axis is a bidirectional communication 
network between the gastrointestinal tract and the CNS 
[28]. This complex system involves multiple pathways, 
including neural, hormonal, and immunological signal-
ing, that facilitate constant interaction between the gut 
and the brain [29]. The vagus nerve, a key player in the 
complex neural communication within the gut-brain axis, 
serves as a primary conduit for transmitting signals be-
tween the gut and the brain [30].

A critical aspect of the gut-brain axis is the role of 
the gut microbiome in modulating brain function and 
behavior [31]. The gut microbiome produces a variety of 
metabolites, including short-chain fatty acids (SCFAs) 
and neurotransmitters such as serotonin, which can in-
fluence brain function [32,33]. Notably, approximately 
90% of the body’s serotonin, a neurotransmitter that 
plays a pivotal role in mood regulation, is produced in 
the gut [32]. Serotonin not only affects gut motility and 
secretion but also has a significant impact on the CNS, 
influencing mood, cognition, and overall mental health 
[6,9]. Recent studies, including ours, have identified 
serotonin reduction as a feature of Long COVID [6,34]. 
The gut-brain axis is also deeply involved in immune 
regulation. The GALT plays a crucial role in maintaining 
immune homeostasis and protecting against pathogens. 
The gut microbiome interacts with GALT to modulate 
immune responses, which can have far-reaching effects 
on systemic inflammation and immune function [29,35]. 
Disruptions in the gut-brain axis have been implicated in 

various conditions, including IBS, depression, anxiety, 
and neurodegenerative diseases [36]. Data supports that 
disturbances in this system also contribute to the per-
sistent symptoms observed in Long COVID [6,7,12].

In summary, the gut and the gut-brain axis is im-
plicated in the control of symptoms in the acute phase 
of COVID-19 infection and Long COVID [37]. The al-
terations induced by the virus in these systems may set 
the stage for the development and persistence of Long 
COVID, highlighting the importance of understanding 
these connections in the broader context of COVID-19 
pathophysiology.

IMPACT OF ACUTE COVID-19 ON THE 
GUT AND POTENTIAL IMPLICATIONS FOR 
LONG COVID

SARS-CoV-2, the virus responsible for COVID-19, 
primarily infects the respiratory system, but it can also 
affect the gastrointestinal tract [38]. The virus gains entry 
into human cells by binding to the angiotensin-convert-
ing enzyme 2 (ACE2) receptor, which is abundantly ex-
pressed not only in the lungs but also along the epithelial 
cells of the gastrointestinal tract [38], particularly in the 
small intestine. This broad expression of ACE2 in the gut 
makes it a significant target for SARS-CoV-2, potentially 
leading to direct viral infection and replication within 
the gastrointestinal tract ultimately causing inflamma-
tion [39,40]. Additionally, SARS-CoV-2 RNA has been 
detected in stool samples of infected individuals, further 
confirming the virus’s presence in the gut [41,42].

Gastrointestinal symptoms are common in 
COVID-19 and can occur even in the absence of respi-
ratory symptoms. Studies suggest that up to 20-30% of 
COVID-19 patients experience gastrointestinal symp-
toms, with diarrhea being the most frequently reported 
[43-45]. These symptoms are often associated with worse 
clinical outcomes, as they may indicate a higher viral 
load or more extensive systemic involvement [41,43,44].

The exact mechanisms by which SARS-CoV-2 
induces gastrointestinal symptoms are not fully under-
stood, but they are likely multifactorial [46]. Direct viral 
invasion of the gut epithelium can disrupt the intestinal 
barrier, leading to inflammation and altered gut motili-
ty [38,47]. Inflammation within the gut, combined with 
systemic immune responses, may exacerbate these symp-
toms and contribute to the overall severity of the disease 
[48]. Moreover, the presence of the virus in the gut might 
promote viral shedding in stool, raising concerns about 
fecal-oral transmission, although the extent of this trans-
mission route remains unclear [49].

The impact of acute COVID-19 on the gut has be-
come an area of intense study. SARS-CoV-2, the virus re-
sponsible for COVID-19, enters host cells via the ACE2 
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drome (ARDS), multiorgan failure, and increased mor-
tality [70,71]. In the context of the gut, this inflammatory 
cascade may further damage the gut lining, perpetuating a 
cycle of inflammation and barrier dysfunction [72].

The gut is a major site of immune activity, with a 
substantial portion of the body’s immune cells residing 
in the GALT [73]. During acute COVID-19, the immune 
response in the gut is likely activated not only by the 
presence of the virus but also by the associated dysbiosis 
and barrier dysfunction [74]. This activation can lead to 
the production of pro-inflammatory cytokines, further 
contributing to both local and systemic inflammation 
[75]. In Long COVID, the persistence of gut-derived 
inflammation may contribute to the ongoing systemic in-
flammation that is a hallmark of the condition [65,76,77]. 
Additionally, the gut’s immune activity could influence 
the development of autoimmunity, which is increasingly 
being recognized as a possible contributor to the long-
term sequelae of COVID-19, including Long COVID.

Conditions such as IBS, Small Intestinal Bacterial 
Overgrowth (SIBO), and Mast Cell Activation Syn-
drome (MCAS) have been proposed as contributors to 
the gastrointestinal symptoms observed in Long COVID 
[78,79]. These conditions, often linked to altered gut 
motility and immune responses, may overlap with the 
gastrointestinal manifestations commonly seen in Long 
COVID patients. IBS and SIBO are associated with 
changes in gut motility and bacterial overgrowth, while 
MCAS can contribute through chronic low-grade inflam-
mation and immune dysregulation [79]. The interplay of 
these factors, alongside potential autonomic dysfunction 
affecting gut motility, could contribute to the persistence 
of gut-related symptoms in Long COVID, highlighting 
the multifactorial nature of this condition [78].

In summary, the impact of acute COVID-19 on 
the gut is multifaceted, involving direct viral invasion, 
dysbiosis, barrier dysfunction, and heightened immune 
responses. These changes not only contribute to the 
gastrointestinal symptoms experienced during the acute 
phase but may also have lasting effects that influence 
the development and persistence of symptoms in Long 
COVID, which is poorly understood. Understanding 
intestinal disease mechanisms in Long COVID appears 
crucial for developing targeted therapies.

SARS-CoV-2 ANTIGEN PERSISTENCE

The persistence of SARS-CoV-2 antigens was first 
identified in the gut, marking a significant breakthrough 
in understanding the potential long-term effects of the 
virus [8,66]. This discovery emerged from studies that 
detected viral RNA and protein fragments in the gastro-
intestinal tract of patients well after their recovery from 
the acute phase of COVID-19 [8,66]. Unlike many viral 

receptor, which is abundantly expressed in the gut lining 
[50]. This can lead to direct viral infection of the gastro-
intestinal tract, contributing to a range of gastrointestinal 
symptoms observed during acute COVID-19, such as 
diarrhea, nausea, vomiting, and abdominal pain [43].

Acute COVID-19 and Long COVID have been 
shown to significantly disrupt the gut microbiome, leading 
to dysbiosis and inflammation [39,51-53]. Studies report 
a decrease in beneficial bacterial species such as Faecal-
ibacterium prausnitzii and an increase in pathogenic bac-
teria, including Enterococcus and Rothia [11,12,47,54]. 
This imbalance can impair gut barrier function, resulting 
in increased gut permeability, often referred to as “leaky 
gut,” which allows microbial products and inflamma-
tory mediators to enter the bloodstream [55]. Such gut 
barrier dysfunction can trigger systemic inflammation, 
potentially exacerbating the severity of COVID-19 and 
contributing to its systemic manifestations [55,56]. Addi-
tionally, there have been reports of new-onset pancreatic 
insufficiency and diabetes following COVID-19 [57-59]. 
These conditions may contribute to gastrointestinal 
symptoms, such as malabsorption, and metabolic issues 
in Long COVID, though the mechanisms remain specu-
lative [60,61].

The disruption of the gut-brain axis during acute 
COVID-19 may have widespread long-term consequenc-
es, affecting both neurological and gastrointestinal health 
[6,62]. Changes in the gut microbiome can alter serotonin 
signaling and other key signaling molecules, impacting 
mood and cognitive functions [6,63,64]. This can con-
tribute to a range of neuropsychiatric symptoms observed 
in Long COVID, such as “brain fog,” anxiety, and de-
pression [6,63,64]. Furthermore, this disruption may 
also lay the groundwork for the development of chronic 
gastrointestinal disorders, enhancing the complexity and 
persistence of Long COVID symptoms [62]. Additional-
ly, immune dysregulation induced by acute COVID-19, 
exacerbated by gut-derived inflammation, may persist 
and continuously play a role in the ongoing symptoms of 
Long COVID [8,39,65,66].

The gut barrier is a critical component of the body’s 
defense system [67], preventing the translocation of 
harmful pathogens and toxins from the gut into the blood-
stream. In acute COVID-19, and potentially in the after-
math, the integrity of this barrier can be compromised. 
SARS-CoV-2 infection, coupled with the inflammatory 
responses it triggers, can lead to increased gut permeabil-
ity, a condition often referred to as “leaky gut” [68].

When the gut barrier is breached, microbial products 
such as lipopolysaccharides (LPS) and other endotoxins 
can enter the circulation, leading to systemic inflam-
mation [69]. This systemic inflammatory response is 
a hallmark of severe COVID-19 and is associated with 
complications such as acute respiratory distress syn-
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for addressing long-term viral persistence and its clinical 
implications.

While SARS-CoV-2 antigen persistence has been 
observed in multiple organs [81], the gut presents a 
unique environment that may facilitate this persistence. 
The gastrointestinal tract is constantly exposed to a vari-
ety of external antigens, which the immune system must 
tolerate to maintain homeostasis. This immune tolerance 
might allow SARS-CoV-2 antigens to persist in the gut 
longer than in other tissues where the immune response is 
more robust [94]. Additionally, the gut’s complex micro-
biome and its interactions with the immune system might 
influence the persistence of the virus, either by protecting 
it from immune detection or by creating an environment 
conducive to viral latency [47].

The persistence of viral antigens in the gut can lead 
to chronic immune activation [8,95]. This heightened 
state of alertness can drive ongoing inflammation, which 
is a key feature of Long COVID [96]. The continuous 
presence of viral antigens may stimulate the production 
of pro-inflammatory cytokines and other immune media-
tors, contributing to the systemic inflammation observed 
in some Long COVID patients [97,98]. This ongoing 
immune activation can perpetuate symptoms such as fa-
tigue, muscle pain, and cognitive dysfunction, which are 
commonly reported in Long COVID [95,99-101].

The concept of targeting antigen persistence in the 
gut as a therapeutic approach for treating Long COVID is 
intriguing but remains speculative due to weak supporting 
data. Therapies aimed at modulating the gut environment, 
such as probiotics, prebiotics, or dietary interventions, 
with the goal of reducing antigen retention and dampen-
ing chronic inflammation, cannot be recommended based 
on current evidence [102,103]. Similarly, fecal microbi-
ota transplantation (FMT) to ameliorate Long COVID 
symptoms is highly experimental [104]. A potentially 
more promising strategy is the use of antiviral drugs to 
eliminate residual viral RNA or proteins from the gut, but 
the evidence for their efficacy is limited. Although Nir-
matrelvir-Ritonavir has shown post-acute benefits when 
administered during acute COVID-19 [105], particularly 
against cardiovascular and respiratory complications, a 
recent study found that while generally safe, it did not 
significantly improve specific Long COVID symptoms 
[106]. The ongoing RECOVER-VITAL study (Clinical-
Trials.gov-NCT05595369) is further investigating the 
ability of Nirmatrelvir-Ritonavir to alleviate persistent 
Long COVID symptoms, with results expected by Oc-
tober 2025.

Until then, the effectiveness of such interventions 
remains uncertain. A deeper understanding of antigen 
persistence in the gut could eventually lead to biomarkers 
for identifying patients at risk of Long COVID and guide 
more personalized treatments, but this area of research is 

infections that are fully cleared by the immune system, 
SARS-CoV-2 has demonstrated a tendency to persist in 
the body, with the gastrointestinal tract being one of the 
easiest organs to study [8,80-82]. Our endoscopy study 
published in 2022 was pivotal, being the first to establish 
a direct link between persisting SARS-CoV-2 antigen 
fragments in the gut and Long COVID [8]. Building on 
this foundation, our follow-up study further demonstrat-
ed that clearance of gut mucosal SARS-CoV-2 antigen 
fragments is linked to the resolution of Long COVID 
symptoms [34], suggesting that targeted therapeutic strat-
egies focusing on viral clearance from the gut could be 
supportive in managing Long COVID [34].

Since these findings, multiple studies have cor-
roborated the evidence of SARS-CoV-2 persistence in 
the gut and other tissues associated with Long COVID 
[8,66,81,83]. Research has demonstrated the presence of 
viral RNA and proteins in the stool of COVID-19 patients 
weeks to months after their initial infection, even in the 
absence of gastrointestinal and respiratory symptoms 
[42,84]. Postmortem analyses have also detected viral an-
tigens in the intestinal tissues, the respiratory tract, lymph 
nodes, and other organs of patients who had recovered 
from COVID-19, further supporting the idea that the gut 
may serve as a reservoir for the virus [81]. Additionally, 
SARS-CoV-2 antigen persistence was also reported in 
plasma [80,85]. The identification of viral persistence in 
the gut provided a critical insight into the possible reser-
voirs where the virus might evade the immune system, 
contributing to ongoing symptoms [8].

The persistence of SARS-CoV-2 antigens in the 
gastrointestinal tract may be driven by several underlying 
mechanisms [86]. The virus’s ability to evade immune 
detection by residing within specific, less accessible cell 
types is one possibility [87,88]. The unique immune envi-
ronment of the gut, which tolerates a wide array of foreign 
antigens, may further enable the virus’s survival without 
eliciting a strong immune response. Additionally, the vi-
rus may enter a latent state within certain cells, remaining 
dormant but capable of reactivation [89,90]. While much 
evidence suggests that viral remnants—non-infectious 
fragments [8]—persist after the acute infection, there are 
reports indicating the presence of low levels of active, 
replicating virus [88]. This raises important questions 
about whether these remnants are merely inert or if low-
grade viral replication is occurring. Immune dysfunction, 
whether due to underlying conditions or immunosuppres-
sive medications, may play a significant role in this per-
sistence, potentially allowing the virus to replicate at low 
levels and contribute to prolonged symptoms [88,90,91]. 
In this context, Gut Secretory IgA (SIgA) deficiency, a 
component of mucosal immunity, has also been specu-
lated to contribute to the persistence of viral antigens in 
the gut [92,93]. Understanding these dynamics is crucial 



Zollner et al.: The intestine in Long COVID452

may not have such identifiable triggers [123]. However, 
even with a clear history of COVID-19, distinguishing 
Long COVID can be fraught with difficulties due to 
symptom commonalities with disorders like CFS or 
fibromyalgia, such as fatigue, cognitive disturbances, 
and musculoskeletal pain [124]. Although certain symp-
toms like prolonged loss of taste or smell and specific 
imaging findings may suggest Long COVID, these are 
not universally present in all cases. Furthermore, the 
inherent variability in how individuals experience and 
report symptoms adds another layer of complexity, mak-
ing it challenging to definitively pinpoint Long COVID 
in every situation [109]. A multidisciplinary approach 
involving various specialties is essential, yet even this 
comprehensive strategy may not always yield clear dis-
tinctions, underscoring the need for ongoing research and 
development of more precise diagnostic criteria [125].

Understanding the pathophysiologic mechanisms 
underlying Long COVID is essential for developing ef-
fective treatments. The following sections delve into the 
most relevant and impactful factors that contribute to the 
development and persistence of this condition.

Immune Dysregulation: One of the central hypotheses 
in understanding the pathophysiology of Long COVID is 
immune dysregulation. In many Long COVID patients, 
there is evidence of chronic inflammation and an ongoing 
immune response long after the resolution of the acute 
infection [95,126,127]. This chronic inflammation may 
be driven by several factors, including the persistence of 
viral antigens, autoimmunity, and a dysregulated immune 
response [8,127,128]. Autoimmunity has been proposed 
as a contributing factor to the development of symptoms 
such as joint pain, rashes, and neurological issues [129-
131]. The persistence of immune activation, characterized 
by elevated levels of inflammatory cytokines, could lead 
to tissue damage and chronic symptoms [126,132,133].

Viral Persistence: Another key hypothesis is that 
Long COVID symptoms may be driven by the persistent 
presence of SARS-CoV-2 viral antigens in the body 
[8,80,82,85]. These viral reservoirs could exist in various 
tissues, including the gut, lungs, and lymph nodes, where 
they continue to stimulate the immune system and drive 
inflammation [65,81,96,134]. The gut, in particular, has 
been identified as a potential reservoir for these viral an-
tigens, as discussed in previous sections. The persistence 
of viral components may not only contribute to ongoing 
immune activation but also interfere with the normal 
function of the affected organs, leading to a wide range of 
symptoms [135,136].

Microvascular Damage: Microvascular damage 
is another proposed mechanism contributing to Long 
COVID. SARS-CoV-2 has been shown to cause endothe-
lial damage and inflammation, leading to the formation 
of microthrombi (small blood clots) and impaired blood 

still evolving [11,107].

PATHOPHYSIOLOGY OF LONG COVID

Besides antigen persistence, the pathophysiology of 
Long COVID is a complex and multifactorial process, 
involving a combination of immune dysregulation, vas-
cular and organ damage, chronic inflammation, and neu-
rotransmitter imbalances [5,108]. This intricate interplay 
of factors not only challenges our understanding of Long 
COVID but also highlights the broad spectrum of clinical 
manifestations associated with the condition [109-111]. 
The multifactorial nature of Long COVID underlines the 
difficulty in pinpointing a single causative mechanism, 
suggesting that multiple pathways contribute to the per-
sistent symptoms observed in patients [5,108].

These symptoms, which span across different organ 
systems, highlight the extensive impact of Long COVID 
[112]. Commonly reported symptoms include chronic fa-
tigue, respiratory issues, neurological disturbances such 
as brain fog and headaches, as well as cardiovascular and 
musculoskeletal complaints [112].

The severity and duration of these symptoms vary 
greatly, with some individuals experiencing mild and 
transient issues, while others suffer from debilitating and 
persistent conditions [107,113]. The heterogeneity of 
symptoms also complicates clinical research and the de-
velopment of therapeutic strategies. It suggests that Long 
COVID may not be a single entity but rather a syndrome 
resulting from multiple overlapping pathophysiological 
processes [114]. This variability underscores the impor-
tance of personalized medicine approaches in managing 
Long COVID, where treatment is tailored to the specific 
symptoms and underlying mechanisms affecting each in-
dividual patient [115]. Moreover, the onset of symptoms 
can be delayed, with some individuals only developing 
symptoms weeks or even months after their initial recov-
ery from acute COVID-19 [116,117].

Similar to Long COVID, several other gastrointesti-
nal and systemic disorders—such as IBS, SIBO, MCAS, 
leaky gut syndrome, fibromyalgia, postural orthostatic 
tachycardia syndrome (POTS), and chronic fatigue syn-
drome (CFS)—often lack clear diagnostic markers, mak-
ing accurate diagnosis particularly challenging [118,119]. 
Distinguishing Long COVID from these conditions, 
sometimes imprecisely labeled as functional disorders 
due to the absence of robust diagnostic tools, presents 
a critical challenge in post-COVID management. This 
complexity arises from overlapping symptoms and the 
multifactorial nature of these conditions [120-122]. The 
differential diagnosis primarily relies on a comprehensive 
clinical history, including a confirmed SARS-CoV-2 in-
fection, which crucially links symptoms to a preceding 
viral event, unlike many other functional disorders that 
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creasing brain serotonin levels [154], directly address this 
deficiency, potentially alleviating a broad array of Long 
COVID symptoms. Their anti-inflammatory properties 
further enhance their therapeutic appeal given the role of 
inflammation in the condition [155].

CLINICAL IMPLICATIONS AND 
THERAPEUTIC POTENTIAL

Postviral illnesses, including but not limited to those 
caused by SARS-CoV-2, encompass a significant portion 
of the global health burden, manifesting in prolonged and 
debilitating conditions that can drastically affect individ-
uals’ quality of life [130,156]. These conditions, which 
arise after recovery from various viral infections such as 
influenza, Epstein-Barr virus, and others, include a range 
of persistent symptoms like chronic fatigue, neurocogni-
tive issues, and multisystem complaints [130]. Their im-
pact is extensive, not only on health systems but also on 
economic productivity due to prolonged illness and dis-
ability [157]. The recent pandemic has brought renewed 
attention to postviral syndromes, emphasizing the need 
for healthcare systems to recognize and address these 
conditions as part of a broader approach to post-infection 
health complications [130]. This awareness is crucial for 
developing strategies to manage and mitigate the long-
term effects of viral diseases globally.

Building on the insights into the widespread impact 
of postviral illnesses, recent research into the gut microbi-
ome offers a pivotal opportunity for advancements in the 
field of diagnostics. The distinct alterations in gut micro-
biome profiles observed in Long COVID patients present 
a promising potential for the development of diagnostic 
biomarkers [11,107]. However, the creation of reliable 
biomarkers is not without challenges. It requires exten-
sive validation through large-scale, longitudinal studies, 
and there remains some skepticism about whether these 
biomarkers can be consistently accurate and reproducible 
across ethnicities and geographical locations. Additional-
ly, the standardization of microbiome analysis techniques 
is essential, but currently lacks uniformity, raising further 
concerns about the feasibility and reliability of these po-
tential diagnostic tools.

This uncertainty surrounding the gut microbiome 
also extends to therapeutic approaches. Given the pro-
posed role of the gut in Long COVID pathophysiology, 
gut-targeted therapies have been suggested as a potential 
area of exploration. However, as of now, there is no sub-
stantial evidence supporting the efficacy of probiotics, 
prebiotics, or dietary interventions in the treatment of 
Long COVID [158,159]. Therefore, any intervention in 
this regard remains experimental. In cases with symp-
toms resembling IBS, exclusion or FODMAP diets could 
be theoretically considered, though their effectiveness in 

flow in small vessels [137,138]. This microvascular inju-
ry can result in tissue hypoxia and damage, particularly in 
organs with high metabolic demands, such as the brain, 
heart, and muscles [139,140]. Symptoms such as fatigue, 
cognitive dysfunction, and muscle pain could be linked to 
this impaired blood flow and tissue damage [141].

Autonomic Nervous System Dysfunction: Dysfunc-
tion of the autonomic nervous system (ANS) is increas-
ingly recognized as a significant factor in Long COVID 
[142]. The ANS controls involuntary bodily functions, 
including heart rate, blood pressure, and digestion. 
Dysautonomia, or autonomic dysfunction, can manifest 
as symptoms like tachycardia, dizziness, and gastrointes-
tinal disturbances [143,144]. Many Long COVID patients 
report symptoms consistent with dysautonomia, includ-
ing those resembling POTS [142,145]. The precise mech-
anisms underlying ANS dysfunction in Long COVID are 
still under investigation, but they may be related to direct 
viral effects on autonomic pathways, immune-mediated 
nerve damage, or persistent inflammation [146].

Role of Serotonin: Approximately 90% of the body’s 
serotonin, a crucial neurotransmitter, is produced in the 
gut, primarily by enterochromaffin cells [147]. Serotonin 
plays a vital role in regulating various gastrointestinal 
functions, including gut motility, secretion, and the co-
ordination of reflexes that control digestion [148]. Be-
yond its role in the gut, serotonin is a critical mediator in 
the gut-brain axis, influencing not only gastrointestinal 
function but also brain activity and behavior [32,149]. 
Serotonin produced in the gut can affect mood, cognition, 
and overall mental health by interacting with the CNS 
via neural and humoral pathways [32]. Disruptions in 
serotonin signaling are associated with conditions such 
as depression, anxiety, and cognitive impairments [150]. 
These mental health issues are commonly reported in 
Long COVID patients, suggesting that alterations in gut 
serotonin production and signaling may contribute to the 
neuropsychiatric symptoms observed in this condition 
[6,151,152].

There is emerging evidence that acute COVID-19 
can alter serotonin levels in the body [6,34], potentially 
through mechanisms such as gut inflammation, dysbiosis, 
and changes in the function of enterochromaffin cells [6]. 
The inflammatory response triggered by SARS-CoV-2 
may disrupt the normal production and regulation of se-
rotonin in the gut, leading to downstream effects on both 
gastrointestinal and neurological health [6,63]. Therefore, 
alterations in serotonin signaling could play a significant 
role in the persistence of symptoms in Long COVID. In 
the context of serotonin depletion and the quest for effec-
tive treatments, the role of Selective Serotonin Reuptake 
Inhibitors (SSRIs) in managing post-acute COVID-19 
syndrome has become increasingly prominent [153]. 
SSRIs, by blocking serotonin reuptake and thereby in-
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these therapies are under consideration, further research 
is necessary before their clinical relevance can be con-
firmed.

Therapies for Long COVID require a multifaceted 
approach that addresses the complex and varied symp-
toms of the condition [117]. Key strategies include life-
style modifications, exercise, psychological support to 
manage mental health challenges, and physical rehabili-
tation for those experiencing fatigue and physical decon-
ditioning [165]. In addition to these supportive measures, 
several promising pharmaceutical interventions are being 
explored, including SSRIs [153] and antiviral agents like 
Nirmatrelvir-Ritonavir [106]. Considerations regarding 
the use of these therapies, including their potential ben-
efits and limitations, are discussed in detail elsewhere in 
this review.

More research is needed to fully understand the role 
of pharmaceutical interventions in Long COVID, partic-
ularly in addressing the diverse underlying mechanisms 
of the condition. Clinical trials specifically evaluating 

Long COVID remains unclear, and the restrictive nature 
of these diets may carry risks, such as the potential devel-
opment of disordered eating behaviors [160]. This lack of 
rigorous data necessitates a cautious approach, particular-
ly to avoid encouraging Long COVID patients to invest 
in these interventions without clear therapeutic benefit. 
While placebo effects cannot be entirely dismissed [161], 
the promotion of such treatments should be carefully 
considered in the absence of definitive scientific support.

Similarly, FMT, which aims to restore microbial di-
versity, remains highly experimental, with its application 
in Long COVID yet to be substantiated. A recent study in-
volving 60 patients suggested that FMT may be effective 
and safe for alleviating long-COVID-related insomnia, 
but these findings are preliminary and require validation 
in larger trials [162]. Vagus nerve stimulation, which has 
shown some promise in modulating autonomic nervous 
system function and reducing inflammation in other con-
ditions [163,164] may hold potential, but rigorous studies 
evaluating its impact on Long COVID are lacking. While 

Table 1. Advancing Diagnosis and Treatment
Personalized Microbiome 
Therapies

The recognition that the gut microbiome varies significantly between individuals 
has led to the exploration of personalized microbiome therapies. These 
therapies could involve tailored probiotic or prebiotic interventions, designed 
based on an individual’s specific microbiome profile, to restore microbial 
balance and alleviate Long COVID symptoms. Personalized diets that target 
specific microbial communities might also be developed to support gut health 
and reduce inflammation.

Advanced Omics Technologies Integrating advanced omics technologies, such as metagenomics, 
metabolomics, and transcriptomics, into Long COVID research offers a 
powerful approach to understanding the complex interactions between the gut 
microbiome and the host. Metagenomics can provide detailed insights into the 
composition and functional potential of the gut microbiome, while metabolomics 
can reveal the metabolic products of microbial activity and their effects on host 
physiology. Transcriptomics can help uncover how gut-derived signals influence 
gene expression in different tissues, including the immune system and the 
brain.

Microbiome-Immune 
Interactions

Emerging research is also focusing on the intricate interactions between 
the gut microbiome and the immune system in Long COVID. Understanding 
how specific gut microbes modulate immune responses could lead to novel 
immunomodulatory therapies that target the gut to treat systemic inflammation 
and autoimmunity associated with Long COVID.

Gut-Brain Axis Studies The gut-brain axis is another area of intense interest, particularly in relation 
to the neuropsychiatric symptoms of Long COVID. Research is increasingly 
focusing on how gut microbiome alterations influence brain function and 
behavior through serotonin production, vagal nerve signaling, and inflammatory 
pathways. Studies in this area could lead to new treatments that address both 
gastrointestinal and neurological symptoms of Long COVID.

Longitudinal Cohort Studies To address the existing research gaps, future studies should include large, well-
characterized longitudinal cohorts of COVID-19 patients. These studies would 
ideally track participants from the acute phase of infection through recovery and 
beyond, capturing detailed data on microbiome composition, immune function, 
and clinical outcomes. Such research could identify early indicators of Long 
COVID, reveal potential therapeutic targets, and inform the development of 
prevention strategies.
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strategies that can improve the outcomes for individuals 
affected by Long COVID.

FUTURE DIRECTIONS

Despite the growing body of evidence suggesting a 
critical role for the gut in the pathophysiology of Long 
COVID, significant gaps remain in our understanding. 
One major gap is the lack of comprehensive, longitudi-
nal data that tracks changes in the gut microbiome and 
gut-related biomarkers over the course of COVID-19 and 
its aftermath. While cross-sectional studies have provid-
ed insights into microbiome alterations associated with 
Long COVID, they do not capture the dynamic changes 
that may occur over time or how these changes relate to 
the development and persistence of symptoms.

Another critical gap is the mechanistic understand-
ing of how specific gut microbial alterations contribute 
to the systemic inflammation, immune dysregulation, and 
neuropsychiatric symptoms observed in Long COVID. 
The causal relationships between gut dysbiosis, gut barri-
er dysfunction, and the broader pathophysiology of Long 
COVID are not yet fully elucidated, making it challeng-
ing to develop targeted interventions.

Additionally, there is a need for more research on the 
interactions between the gut microbiome and other body 
systems in Long COVID, particularly the immune system 
and the CNS. Understanding how gut-derived signals, 
such as metabolites and cytokines, influence these sys-
tems could provide deeper insights into the multi-organ 
nature of Long COVID and identify potential therapeutic 
targets.

As our understanding of the gut’s role in Long 
COVID evolves, several emerging areas of research hold 
promise for advancing diagnosis and treatment summa-
rized in Table 1.

In conclusion, while significant strides have been 
made in understanding the gut’s role in Long COVID, 
there is still much to learn. Addressing the current re-
search gaps through innovative approaches and emerging 
areas of study will be crucial for developing effective 
diagnostic tools and treatments for Long COVID. By 
leveraging personalized therapies and advanced omics 
technologies, we can move closer to unraveling the com-
plexities of Long COVID and improving outcomes for 
those affected by this condition.

CONCLUSION

The exploration of the gut’s role in Long COVID has 
unveiled significant insights, yet it has also highlighted 
the complexity and multifactorial nature of this condi-
tion. The gut microbiome, with its intricate connections 
to the immune system and the gut-brain axis, emerges as 

the efficacy of these treatments in Long COVID patients 
could provide valuable insights into their potential as 
therapeutic options. Additionally, research into person-
alized medicine approaches—tailoring treatments based 
on individual patient profiles, including gut microbiome 
composition, serotonin levels and specific symptom-
atology—could enhance therapeutic outcomes for Long 
COVID patients.

LIMITATIONS AND CHALLENGES

While the evidence supporting the gut’s role in 
Long COVID is compelling, several limitations must be 
acknowledged. Much of the current research is obser-
vational, and causality between gut dysbiosis and Long 
COVID symptoms remains to be firmly established. The 
complexity of the gut microbiome and its interactions 
with the immune system and other bodily systems pres-
ents significant challenges in deciphering the exact mech-
anisms by which the gut contributes to Long COVID.

Another limitation is the variability in methodologies 
used across studies, including differences in microbiome 
sampling, sequencing techniques, and data analysis. This 
variability can lead to inconsistencies in findings and 
makes it difficult to draw definitive conclusions. Further-
more, the gut microbiome is highly individualized and 
influenced by a multitude of factors, including diet, med-
ications, and environmental exposures, adding another 
layer of complexity to research in this area.

To overcome these challenges, there is a critical need 
for more longitudinal studies that track changes in the 
gut microbiome over time in individuals recovering from 
COVID-19. Such studies would provide valuable insights 
into the temporal dynamics of the gut microbiome and 
its relationship with Long COVID development and 
progression. Longitudinal data could also help identify 
specific microbial changes that precede the onset of Long 
COVID symptoms, offering potential targets for early 
intervention.

Moreover, future research should focus on integrat-
ing multi-omics approaches, combining microbiome 
analysis with other data types, such as metabolomics, 
proteomics, and transcriptomics, to gain a more compre-
hensive understanding of the gut’s role in Long COVID. 
This integrative approach could uncover novel biomark-
ers and therapeutic targets by revealing the complex in-
teractions between the gut microbiome, host metabolism, 
and immune responses.

While significant progress has been made in un-
derstanding the gut’s role in Long COVID, much work 
remains to translate these findings into clinical practice. 
Addressing the limitations of current research and pur-
suing more robust and integrative studies will be essen-
tial for developing effective diagnostic and therapeutic 
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addressing the current research gaps and embracing inno-
vative approaches, we can move closer to unlocking the 
complexities of Long COVID and providing solutions for 
those dealing with its lingering effects. The integration 
of personalized medicine and advanced technologies will 
be key to achieving this goal, ultimately leading to more 
targeted and effective treatments that reflect the unique 
needs of each patient.

Data Transparency Statement: Data will be made avail-
able after publication.
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