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Abstract 

Post-COVID-19 gastrointestinal (GI) disease management remains a clinical challenge as the medical literature continues to 
evolve and expand. Reports of excess GI disease burden across the population, as well as prescribed use of pharmaceuticals for 
symptom relief, have proven “long-haul” GI disease is prevalent across the population. This article will help to summarize the 
current medical literature as it pertains to post-COVID-19 GI clinical presentations, dysbiosis, functional disorders and evidence 
of lasting liver and biliary injury implications. Increased awareness of the GI implications for this paradigm hopefully will lead to a 
better understanding of the pathophysiology, as well as natural history and potential therapeutic approaches.
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Introduction
Early medical research into coronavirus disease 2019 

(COVID-19) focused predominantly on the acute presentation, 
management, and treatment of what was initially viewed to be 
only a respiratory illness. However, progressive case analysis 
demonstrated that the COVID-19 clinical presentation frequently 
included gastrointestinal (GI) manifestations, diarrhoea being 
the most common, by affecting up to 33.7% of COVID-19 positive 
patients [1,2]. Also known as SARS-CoV-2, this variant was found 
to have a similar prevalence of GI symptoms as SARS-CoV-1 and 
MERS-CoV [3]. Additionally, this disease was associated with 
frequent reports of nausea, vomiting, and abdominal pain often 
preceding the respiratory sequela or in some cases, evident as the 
only symptom. [1,2,4]. Typically, these GI symptoms last between 
1-14 days after acute onset [5]. Longitudinal follow-up of patients 
has demonstrated a notable subset with a wide-range of persistent 
COVID-19 symptoms, maintained for extended time after the 
initial acute presentation. Collectively, this has been defined in the 
literature as post-acute sequelae of COVID-19 or long-haul covid 
(or long-covid) [6]. 

Evidence of long-covid has emerged recently in the medical 
literature. Initial studies such as a cohort of 1733 patients, looking 
at 6 month follow-up from diagnosis found that the most common 
persisting symptoms included fatigue or muscle-weakness, loss of 
sense of smell or taste, sleep disruption, and anxiety or depression  

 
[7]. A study of 177 patients had approximately 30% of their 
cohort reporting similar persistent symptoms up to 9 months 
after diagnosis and were found to be evident even in patients with 
relatively mild initial symptoms [8]. The clinical course also varied 
across groups over time from recurrent and relapsing to constant 
in duration. Perhaps the most recent and robust evidence of the 
long-covid sequela has been from the FAIR Health study, that that 
includes long-term follow-up for almost 2 million COVID-19 positive 
patients [9]. Their study helps to affirm that COVID-19 has long 
lasting manifestations with 23.2 % of their cohort having at least 
one post-COVID condition 30 days or more after initial diagnosis 
[9]. And these conditions were not just found in more severe cases 
of the disease, but also with those that were asymptomatic from 
disease [9]. 

With extended follow-up of these “long haul” COVID-19 infected 
patients, there is increasing awareness of persistent GI involvement. 
The national healthcare databases of the US Department of 
Veterans Affairs analyzing the 6-month data beyond the first 30 
days of COVID-19 diagnosis showed significant evidence of excess 
GI-disease burden per 1000 patients compared to non-COVID 
patients with an increase in diagnosed esophageal disorders, 
gastrointestinal disorders, and abdominal pain [10]. Furthermore, 
there was noted to be an increased use of laxatives, antiemetic 
agents, histamine antagonists, antacids, and antidiarrheal agents 
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across this patient population [10]. A study of 17,492 COVID-19 
patients found up to 18.5% were affected by GI COVID-19 and 
noted malnutrition was a persistent GI sequela at 3 and 6 month 
follow-up [11]. These patients had a median weight loss of about 
15 lbs. persisting at 6-month follow-up despite resolution of their 
COVID-19 infection [11]. Although many of these studies require 
further analysis for pathophysiological mechanisms, it is clear that 
many of the GI complaints and disorders that healthcare providers 
have recently encountered or will see in the office through this 
COVID-19 era may be related to COVID-19 manifesting disease 
and must be considered in this context. This paper will discuss the 
current understanding of long-covid related GI-disease.

Underlying mechanisms for “long haul” GI COVID
The GI mucosa consists of mucin producing goblet cells as well 

as a protective barrier of intestinal epithelial cells to protect from 
exogenous harm and to prevent infection [12,13]. The breakdown 
of this natural barrier and persisting inflammation are hallmarks 
of SARS-CoV-2 GI manifesting disease. These are thought to 
be implicated in systemic disease manifestations, multi-organ 
involvement and possibly play a large role in “long-haul” COVID [2]. 
Angiotensin converting enzyme 2 (ACE2) receptors are evident in 
many locations in the body including the renal tubules, lungs, brain, 
heart, luminal GI tract, and the liver [14]. Notably, the majority of the 
body’s ACE-2 receptors are found in the brush border of intestinal 
epithelial cells[2]. SARS-CoV-2 infects epithelial cells through 
binding of its spike glycoprotein (S protein) to the ACE2 receptor 
[2,12,13]. The binding causes fusion of the cellular membranes 
and a downstream effect that allows for internalization of the virus 
into the host cell. This subsequently leads to viral replication, viral 
shedding, and release of inflammatory cytokines [2].

Importantly for the gut, this binding has wide-ranging 
effects. The intestinal ACE2 receptor has a unique role in the 
stabilization of neutral amino acid transporters (e.g., B0AT1) 
which are responsible for uptake of amino acids (e.g., glutamine 
and tryptophan), the downstream metabolic products of which are 
important in maintaining immunity and healthy gut microbiota 
[14,15]. It has been shown in murine models that ACE2 receptor 
deficiency resulted in high susceptibility to intestinal inflammation 
through epithelial damage [16]. Thus, when either deficient in ACE2 
or when bound by something such as COVID-19 glycoproteins, 
this down-regulation effect has been shown to be associated with 
increased gut leakage and an increase in inflammatory markers 
such as IL-6 and fecal calprotectin [14–16].

The relationship between the systemic effects of COVID-19 
and GI disease is complex and likely multifactorial. For example, 
the well reported respiratory effects of COVID-19 and the robust 
inflammatory reaction is associated with increased IL-2, IL-7, 
interferon gamma, tumour necrosis factor alpha, granulocyte colony 
stimulating factor. These wide-ranging systemic effects include 
infiltration of these inflammatory cells in the intestinal tract [12-
17]. Similarly, a study of SARS-CoV-2 infected non-human primate 
models showed either intranasal or intragastric virus inoculation 

resulted in pathologic changes in both respiratory and digestive 
tissues [18]. Thus, they concluded that inflammatory cytokines 
can play a role in development of both disease pathologies without 
direct inoculation of each respective tissue. To the contrary, however 
, is a recent article that analyzed human intestinal biopsy tissue 
samples from COVID-19 positive patients and found the absence 
of a pro-inflammatory response in the GI tract despite detection 
of SARS-COV-2 in the samples [19]. This paralleled their results of 
reduced mortality in COVID-19 patients that had presented with 
GI symptoms [18]. Clearly, further studies are needed to better 
understand the pathophysiologic mechanisms, but it seems GI 
tract integrity and immune response play a large role in COVID-19 
outcomes, severity, and likely long-term GI health.

 “Long-haul” COVID, the Microbiome, and Dysbiosis
The gut microbiome has been shown to be a key regulator of 

bidirectional signaling between the enteric nervous system (ENS) 
and central nervous system (CNS), suggesting that gut function 
is controlled through a microbiota-gut-brain (MGB) axis [20]. 
It has been shown that gut bacteria produce metabolites, such 
as serotonin, tryptophan, and short chain fatty acids, that can 
influence gut-brain signaling through the MGB axis. Accordingly, 
disruptions in the microbiota composition have been shown to 
impact neurodevelopment, mood, and GI motility [2,20]. Dysbiosis, 
defined as significant shifts in the diversity of commensal 
microbiota compared to that of healthy individuals, is a common 
finding in patients with acute diagnosis of COVID-19 [21–23] . A 
study of saliva samples from 392 COVID-19 patients found that 
infected patients had less butyric acid-producing bacteria and 
more lipopolysaccharide-producing bacteria within the oral cavity 
compared to that of healthy controls [23]. Several fecal studies 
found similar microbial imbalances within the gut [2,24-25]. It has 
been suggested that gut bacteria develop metabolites to modulate 
the inflammatory response and potentially influence the severity of 
COVID-19 infections [20]. Gu et al. found that patients infected with 
SARS-COV-2 have enriched microbial communities of Streptococcus, 
Rothia, Veillonella, and Actinomyces, all of which correlated with 
elevated levels of the inflammatory markers C-reactive protein 
(CRP) and D-dimer [20-24].

The related long-term effects of COVID-19 and gut dysbiosis is 
not yet well defined. Yeoh et al. found a correlation between gut 
microbiota composition and levels of cytokines and inflammatory 
markers [26]. Relative to healthy controls, COVID-19 patients had 
depleted commensal and opportunistic bacteria known to be anti-
inflammatory and pro-inflammatory, respectively [26]. They noted 
this change through serial stool samples collected from patients up 
to 30 days post-diagnosis and found that gut composition remained 
significantly altered when compared with non-COVID-19 patients. 
Notably, this gut microbiota composition of 27 patients remained 
significantly distinct, regardless of whether they had received 
antibiotics (although, those that did receive antibiotics were more 
dissimilar). Species found to be significantly altered compared to 
healthy controls include an increase in Bifidobacterium dentium 
and Lactobacillus ruminis and a decrease in E. rectale, R. bromii, F. 
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prausnitzii, and Bifidobacterium longum [26]. A small longitudinal 
study analyzing fecal microbiota samples taken at the time of 
diagnosis, at 2 weeks after hospital discharge, and at 6 months 
post-discharge found that microbiota diversity was still limited 6 
months after recovery [27]. Interestingly, the patients were found 
to have lower gut microbiota richness at 6 months as well as higher 
levels of CRP indicating a relationship between the inflammatory 
response and the gut dysbiosis observed in COVID-19 [27]. Further 
studies with a larger sample size are needed to better clarify these 
associations. 

Although research indicates an association between dysbiosis 
and the severity of COVID-19 infections, the pathogenic mecha-
nism(s) by which SARS-COV-2 causes microbiota imbalance re-
mains largely unknown [2,4]. As noted previously it is likely that 
virus effects a dysbiosis by downregulating ACE2 to promote in-
flammation and inhibit gut immunity. ACE2 controls expression of 
B0AT1, an apical neutral amino acid transporter whose substrates 
are responsible for down-regulating pro-inflammatory cytokines, 
maintaining tight junctions between cells, and promoting release of 
anti-microbial peptides. Therefore, low ACE2 expression ultimately 
compromises gut immunity, allowing for opportunistic microbiota 
to multiply, invade, and activate cytokine storms [2,4].

“Long-haul” COVID and Functional GI Disorders
Functional GI disorders (FGID) are conditions consisting of 

chronic or recurrent abdominal pain, such as dysmotility or visceral 
hypersensitivity, that develop through dysregulation of the MGB 
axis. Irritable bowel syndrome (IBS) and chronic dyspepsia are 
considered FGID [27,28]. Studies have found that more than 10% 
of individuals with infectious enteritis develop post infectious-IBS 
(PI-IBS) [2,29]. Although COVID-19 has been found to cause bowel 
inflammation, there is currently a paucity of studies regarding the 
incidence of post-acute FGID in COVID-19 patients [30]. Research 
has shown incidences of acute ileus (53%), diarrhea (28.8%), and 
constipation (39.4%) in infected patients who are critically ill [31]. 
Based on prior modeling data, COVID-19’s median length of 12 days 
increases the risk of PI-IBS development by 10-fold [2,32]. Taken 
together, a wave of FGID cases as a by product of the COVID-19 
pandemic should be anticipated [2,30].

SARS-COV-2 addresses many factors that contribute to 
individual susceptibility to post-infectious FGID, including gut 
inflammation, intestinal microbiota composition, and mood. FGID 
most commonly occurs after a bout of generalized gut inflammation, 
a condition associated with SARS-COV-2 infection [2,30-31,33]. A 
recent study looking at 347 adults (164 COVID-19 positive and 183 
controls) identified persistent GI symptoms and chronic fatigue 
through a web-based questionnaire about 5 months after infection. 
They found that after resolution of infection, severity of abdominal 
pain, discomfort, diarrhoea, and incontinence were greater in 
COVID-19 recovered patients compared with controls (31.7 vs 
13.7%, p<0.001). They postulated the MGB axis playing a large role 
in these patients [32]. 

While eliciting an inflammatory response, SARS-COV-2 
potentially inhibits gut immunity and compromises epithelial 
integrity to allow for dysbiosis [2,4,30]. COVID-19 patients with 
altered microbiota composition are linked to elevated inflammatory 
markers, such as CRP and D-dimer, suggesting that dysbiosis 
may promote subclinical inflammation long after the course of 
COVID-19 [2,4,30]. Interestingly, a systematic review has recently 
shown that dysbiosis within the small bowel is associated with 
functional dyspepsia, which is a type of FGID [33]. 

COVID-19 and other coronaviruses can cross the blood-brain 
barrier to affect the brain and mood, thus increasing the risk of FGID. 
[2,34-35]. Approximately 30% of COVID-19 patients experience 
neurological symptoms such as dysgeusia, disorientation, nausea, 
and neuralgia. Mechanisms through which this occurs are currently 
poorly understood [35]. Esposito et al. proposed that SARS-
COV-2 could potentially infect the ENS and ascend vagal afferent 
fibers to reach the CNS [36]. This proposal was substantiated 
by a histological study of post-mortem COVID-19 patients that 
discovered expression of ACE2 and TMPRSS2 by small and large 
bowel enteric neurons and choroid plexus epithelial cells [2,35]. 
Other proposed pathways to CNS invasion involve the circulatory 
and lymphatic system [34]. Regardless of the route of neurologic 
invasion, SARS-COV-2 poses a threat to the gut-brain axis and has 
been shown to alter mood [2,37]. In a clinical study of patients 1 
month after recovering from COVID-19, 31%, 28%, and 42% of 
patients scored within ranges diagnostic for depression, anxiety, 
and PTSD respectively [37]. Because inflammatory dysregulation 
contributes to the pathogenesis of many mood disorders, these 
findings suggest that COVID-19 may have psychopathological 
consequences [37,38]. There is a strong link between IBS and 
mood, given that IBS patients are three times more likely to have 
depression or anxiety when compared to healthy patients [20,39]. 
However, two-thirds of comorbid patients were diagnosed with 
IBS prior to experiencing mood symptoms, suggesting that both 
systems influence each other bidirectionally [20]. Although Ha 
et al. reported that serotonin levels are elevated in COVID-19 
patients with diarrhoea, it is unclear whether elevated levels can 
be attributed to the effect of SARS-COV-2 on the CNS, gut, or both 
[4,37]. To further complicate the pathophysiological connection 
between SARS-COV-2 and FGID, gut microbes are also known to 
produce serotonin that can potentially influence gut motility [20]. 
Therefore, much remains unclear as to the causality specifics 
between COVID-19 dysregulation of the MGB axis and resultant 
FGID.

“Long-haul” COVID, the Liver, and Biliary System
Liver injury is a common manifestation in patients with 

COVID-19, with up to 72% of patients with acute infection demon-
strating liver impairment through transaminitis. Approximately 6% 
of patients develop severe liver injury, defined as alanine amino-
transferase (ALT) >5x the upper limit of normal [40]. Severe acute 
liver injury has been associated with poorer disease outcomes, in-
cluding increased intensive care unit admissions, mechanical venti-
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lation, and mortality [40]. In addition to elevated aminotransferas-
es, markers of liver function affected in severe liver injury include 
decreased albumin, elevated INR. Bilirubin typically is non-elevated 
to modestly elevated, overall suggestive of a hepatocellular pattern 
of injury [40].  Long-term effects of COVID-19 on the liver are still 
being elucidated. One study looking into liver tissue of 60 patients 
that died of COVID-19 found that with vascular injury from the dis-
ease and subsequent necrosis, there was an activation of intrahe-
patic stem cells and showed signs of aberrant regeneration [41]. 
Another study of 5 patients that recovered from infection showed 
residual viral antigens detected in both intestinal and hepatic tis-
sues up to 180 days after testing negative for SARS-CoV-2 [41]. 

In addition to factors such as direct ACE2-mediated viral en-
try into cholangiocytes with cytokine-mediated damage, the use 
of medications during acute infection may confound the pattern 
of disease-related liver injury through drug-induced liver inju-
ry (DILI) [43,44]. Most commonly, acetaminophen/paracetamol 
is used to manage fever and body aches. COVID-19 therapies uti-
lized, including hydroxychloroquine, antivirals (lopinavir, ritona-
vir, remdesivir), and JAK inhibitors (baricitinib), can all contribute 
to hepatocellular injury, and combination of multiple hepatotoxic 
medications with ongoing disease can potentiate this effect [44]. 
Population studies further out from COVID-19 diagnosis can help 
determine the long-term effects of liver injury and clinical implica-
tions at risk due to COVID-19 disease. 

Alternatively, about 12% of patients with acute COVID-19 devel-
op cholestatic injury, with bilirubin > 3x upper limit of normal [45]. 
Some patients with cholestatic injury have persistence of jaundice 
and cholestasis following recovery from acute infection, suggestive 
of cellular damage to the biliary ductal cells in the pattern of sec-
ondary sclerosing cholangitis in critically ill patients (SSC-CIP) [46]. 
SSC-CIP following COVID-19 has been referred to as post-COVID-19 
cholangiopathy and has been associated with rapid progression to 
cirrhosis [47]. Various causes have been proposed for pathogenesis 
of this disease pattern, including DILI, hypoxic injury, direct viral ef-
fects, and damage from systemic inflammation (i.e. cytokine storm) 
[48]. Limited treatment options exist for SSC-CIP, with the excep-
tion of liver transplantation. One center has demonstrated success-
ful orthotopic liver transplantation in a patient with post-COVID-19 
cholangiopathy [49].

Therapeutic options for “long-haul” GI-COVID-19
Although there are currently no approved therapeutics pre-

venting post-COVID-19 GI diseases or symptoms, there have been 
proposed options similar to those targeting the lungs, as the virus’ 
binding and internalization mechanisms are similar in both organ 
systems [2]. Promising drugs that are currently in clinical trials 
include recombinant human ACE2, Ang 1-7 agonists, monoclonal 
antibodies targeting the ACE2 receptor, and a TMPRSS2 inhibitor 
known as camostat mesylate [4,14]. As stated previously, the un-
derlying mechanism of GI COVID-19 involves the ACE2 receptor 
which is important for viral invasion. Thus, utilizing pharmaceuti-

cals to bind to these receptors may help alleviate the direct invasion 
and the systemic down-stream effects that the infection can cause 
the body. 

Currently, treatment of post-COVID-19 GI disease most 
aligns with rest, nutritional support, and case-by-base symptom 
management. As stated prior, there has been an increased use of 
laxatives, antiemetic agents, histamine antagonists, antacids, or anti-
diarrheal agents seen recently, but care should be taken to ensure 
that the medications are not potentially prolonging infectiousness 
by modulating gastric pH or affecting the microbiome adversely 
[10]. Widespread treatment protocols using of these drugs have not 
been shown to have great efficacy. For example, a male COVID-19 
patient with persistent diarrhoea successfully recovered while on 
a regimen of lopinavir-ritonavir, IFN-α2b, and acetylcysteine [50]. 
However, a clinical trial of 199 patients found lopinavir-ritonavir to 
have no therapeutic benefits for COVID-19 [51]. 

Given the role of the microbiome in the pathogenesis of post-
covid dysbiosis, potential treatment options may include targeted 
probiotic treatment. The utility of these lies in the production of 
antiviral metabolites as well as the support of adaptive immunity 
[2,52]. The Chinese University of Hong Kong recently reported 
use of an oral microbiome formula which is targeted specifically 
for COVID-19. Although the formula is patent pending, and thus 
the contents is not public knowledge, the researchers working 
on it have mentioned that it contains several strains that were 
found missing from COVID-19 positive patients. Some of these 
strains may be Fecalibacterium prausnitzii, Lachnospiraceae 
bacterium, Eubacterium rectale, Ruminococcus obeum, and Dorea 
formicigeneran [53]. In an unpublished study, hospitalized patients 
with COVID19 showed resolution of symptoms and reduced 
proinflammatory markers in patients who received the reported 
formula [52]. Furthermore, the Chinese National Health Commission 
has recently recommended probiotics to maintain intestinal micro-
ecological balance and prevent secondary bacterial infections [54]. 
Despite this, the rationale behind probiotic use is based on indirect 
evidence as animal studies failed to show changes in ACE 2 receptor 
expression after inoculation with lactobacilli and bifidobacterial 
[55]. More robust pre-clinical and clinical studies are needed to 
better define the role of probiotics and COVID-19.

Conclusion
There is evolving data from extended longitudinal follow-

up of patients affected by COVID-19, that there is a significant 
cohort with persistent GI symptoms (including abdominal pain, 
discomfort, diarrhoea, and incontinence) even after resolution of 
respiratory symptoms and outside the infectious window of acute 
disease. The spectrum of long-haul COVID-19 has not been well 
characterized in the medical literature, particularly as it pertains to 
gastrointestinal pathophysiology. It appears that COVID-19 enters 
a variety of different GI tissues including the liver, biliary tree, and 
epithelial cells lining the GI tract. The resulting dysbiosis of the GI 
tract leads to disruption to the MGB axis and can affect the acute 
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illness, severity, and ability to recover from disease. It may also lead 
to wide-ranging clinical presentations of functional GI disorders, 
with symptoms persisting many months, hence a new recognition 
of “long haul” GI COVID. It is imperative for clinicians to be aware 
of post-COVID-19 GI manifestations in patients who have a history 
of either confirmed COVID-19 or a suspected clinical history. 
Recognizably, COVID- 19 may not have initial typical symptoms 
but it is unclear if these cases may still result in more “long haul” 
consequent effects. It is also unclear as to the duration of these 
“long haul” symptoms and pathophysiologic changes. Clearly some 
of the effects such as loss of gustatory or olfactory function can have 
major effects on quality of life. Future research is clearly needed, 
but at present, there is even more rationale for disease prevention 
by vaccination! 
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