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Abstract  

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is a well-established 

respiratory tract pathogen. Recent studies in adults and children have shown an increasing 

number of patients reporting gastrointestinal manifestations of SARS-CoV-2 infection such as 

diarrhoea, nausea, vomiting and abdominal pain. SARS-CoV-2 RNA can be detected in 

faeces for an extended period, even after respiratory samples have tested negative and patients 

are asymptomatic. However, faecal-oral transmission has not yet been proven. In this article, 

the latest evidence on gastrointestinal, hepato-biliary, and pancreatic manifestations in 

children with coronavirus disease-19 and multisystem inflammatory syndrome will be 

analysed.  

  

                  



Introduction 

Since the outbreak of the coronavirus disease-19 (COVID-19) pandemic, adults and children 

have shown different patterns of disease involvement. Severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) infection is less severe in children, ranging from an 

asymptomatic or mild disease course to some rare, life-threatening conditions.[1,2] Fever and 

respiratory symptoms are the main clinical manifestations in children. Gastrointestinal (GI) 

involvement has been described to different extents including diarrhoea, nausea, vomiting and 

abdominal pain. GI involvement seems extremely relevant in the novel multisystem 

inflammatory syndrome in children (MIS-C) that follows SARS-CoV-2 infection.[3–5] 

SARS-CoV-2 RNA can also be detected in faeces by real-time polymerase chain reaction 

(RT-PCR), but the role of the GI shedding in disease transmission is not clear yet.[6] 

Moreover, it is not unusual among hospitalised children to detect abnormal liver function 

tests, and rare cases of severe abdominal organ damage have been described.  

Herein, we provide a narrative review of the clinical features of gastrointestinal, hepatic and 

pancreatic involvement of SARS-CoV-2 infection in children. Furthermore, some unanswered 

issues, such as the GI involvement in severe disease phenotypes, the role of faecal shedding in 

SARS-CoV-2 transmission and the significance of laboratory abnormalities are explored.   

 

Methods  

We did a comprehensive narrative literature review using PubMed, EMBASE, and LILACS 

to identify key studies on gastrointestinal, hepatic, or pancreatic involvement in children with 

confirmed diagnosis of COVID-19 in the following areas: epidemiology, transmission, natural 

history, diagnosis, and treatment. A formal, quantitative systematic review was not considered 

appropriate for this initial comprehensive review. We searched for English language 

                  



publications with the use of broad search terms: (“COVID-19” OR “SARS-CoV-2” OR 

“coronavirus”) AND (“gastrointestinal symptoms” OR “gut” OR “diarrhoea” OR “vomiting” 

OR “abdominal”), “liver”, or “pancreas” AND (“child” OR “children”) from January 2020 to 

July 2021. The age limit “birth–18 years” was applied. We included randomised controlled 

trials, observational studies, retrospective studies, meta-analyses, review articles, editorials, 

and case reports. Animal studies and in-vitro studies were excluded. We included additional 

studies after evaluating the reference list of the included papers. The final list of eligible 

studies was based on those of direct relevance to the key topics of this review focusing on: (a) 

GI manifestations children with COVID-19; (b) hepatic manifestations in children with 

COVID-19; (c) pancreatic manifestations in children with COVID-19; (d) clinical 

characteristics of children with MIS-C; (e) viral shedding via the GI tract in children and 

adults; (f) pathogenesis of SARS-CoV-2 infection; (g) COVID-19 in children with GI, liver, 

and pancreatic chronic disease; (h) impact of COVID-19 pandemic on paediatric 

gastroenterology practice. In absence of strong evidence from paediatric studies, also studies 

including adult patients were included. Titles and abstracts were screened to identify 

potentially eligible articles. We finally included in the references full-text articles. 

 

Pathogenesis 

SARS-CoV-2 infects the cell through the S protein, which binds to membrane receptors and 

mediates the fusion between the virus and the membrane. Among these receptors, a crucial 

role is held by the cellular angiotensin converting enzyme 2 (ACE2), which has a higher 

affinity for SARS-CoV-2 than for other coronaviruses. The transmembrane serine protease 2 

(TMPRSS2) is an additional key protein for SARS-CoV-2 infection and the co-expression of 

ACE2 and TMPRSS2 is considered critical for viral entry (figure 1). ACE2 and TMPRSS2 

                  



receptors are co-expressed in the gut, from the oesophagus through the colon, especially in 

epithelial cells from the small intestine, making it highly susceptible to SARS-CoV-2 

infection.[7]  

The putative mechanisms of SARS-CoV-2 induced gut damage are multiple (figure 1). A 

direct injury to the infected enterocytes could be secondary to ACE2-mediated mucosal 

inflammation. Moreover, new virions are assembled and then released to the GI tract after 

viral entry, which constitutes the basis for viral RNA shedding in faeces.[8] Systemic 

inflammation with cytokine storm induced by SARS-CoV-2 infection can additionally 

contribute to enteral damage. A pilot study on 15 COVID-19 adults showed persistent 

alterations in the faecal microbiome, compared with controls. The alterations were associated 

with faecal levels of SARS-CoV-2 and COVID-19 severity.[9] A potential impact of 

microbiome dysbiosis was also reported in the absence of GI symptoms.[10] The GI flora is 

known to affect the respiratory tract through the common mucosal immune system, and 

respiratory tract dysbiosis can also impact the digestive tract, via what is referred to as the 

“gut-lung axis”.[11,12] 

To date, no endoscopic and pathologic studies of the digestive tract have been conducted in 

children with COVID-19. Few endoscopic studies have been done in adults with GI 

symptoms, showing no mucosal harm in the GI tract. Only an occasional lymphocyte 

infiltration was found in the oesophageal tract, and an infiltration of plasma cells and 

lymphocytes with interstitial oedema of the lamina propria in stomach, duodenum, and rectum 

biopsies.[8] However, the detection of SARS-CoV-2 in endoscopic specimens has been 

associated with more severe GI symptoms in adults.[13] ACE2 is expressed in more than 50% 

of cholangiocytes and in a small proportion of hepatocytes.[14] A potential direct damage of 

SARS-CoV-2 on the liver can be inferred from active viral replication,[15] considering also 

that viral RNA and replicative intermediates were detected in liver tissues.[16] Additional 

                  



pathomechanisms include immune‐mediated liver damage due to systemic inflammation, 

hypoxia secondary to lung dysfunction, coagulopathy [17] and drug-induced toxicity (figure 

1). Data on pathological alterations in the liver of COVID-19 patients are scarce and only 

from adults. Autopsies of deceased adults revealed microvascular and thromboembolic 

damage, microvescicular steatosis and features of aberrant regeneration.  

In the pancreas, ACE2 is expressed in both exocrine glands and islets,[18] and therefore a 

direct virus-mediated injury can be hypothesised. Systemic inflammation and drug-induced 

toxicity could contribute to pancreatic damage in severe cases. Pathology data on pancreatic 

injury are limited.  

 

Gastro-intestinal tract 

Since the publication of the first case series, GI involvement of SARS-CoV-2 infection has 

been described in both adults [19] and children.[1] A summary of the main features of GI 

involvement in adults is reported in figure 2A. In a metanalysis of studies, including 4243 

adults from 60 studies, gastrointestinal symptoms were detected in 17.6% of patients[20] and 

a similar rate was reported by an early systematic review in children.[21] Data from larger 

paediatric cohorts recently confirmed such findings.[1,2, 22–31] Diarrhoea is reported in two 

to 33% of patients, whereas nausea and/or vomiting is reported at a rate ranging from five to 

35% (table 1). The presence of abdominal pain - though not always reported - ranges from six 

to 35% (table 1). In the paediatric COVID-19 U.S. Case Registry [32] - based on more than 

6000 cases - vomiting, nausea, diarrhoea and abdominal pain are reported in 12, nine, 11 and 

10% of patients, respectively. In two recent metanalysis of paediatric cases involving 55 

(4369 patients)[33] and 19 (3907 patients)[34] studies, the pooled prevalence of diarrhoea 

                  



was 19 and 10%, that of nausea or vomiting was 19 and seven percent, and that of abdominal 

pain were 20 and four percent, respectively. 

Despite increasing evidence of GI involvement, our understanding of the specific features of 

such symptoms remains weak. Only few studies describe the onset and duration of diarrhoea 

in children, and stool composition is seldom reported in detail. Moreover, a confounding role 

of antibiotics was possible when diarrhoea developed during the disease, mostly at the 

beginning of the pandemic. At that time, whether to screen for SARS-CoV-2 children with 

isolated GI symptoms was a clinical dilemma. In adults, it was reported that diarrhoea could 

precede the onset of fever or respiratory symptoms.[35]. Early reports in children suggested 

that diarrhoea usually begins 1-8 days after the disease onset although some patients 

presented with watery diarrhoea as the first symptom.[36] These findings have been 

confirmed in a Spanish cohort, where 25 out of 101 patients presented GI symptoms in 

absence of respiratory symptoms, and GI symptoms were the first disease manifestation in 

14% of cases.[37] 

Vomiting poses a diagnostic challenge as well. The frequency of vomiting episodes has never 

been described, and it is therefore difficult to define a priori how many episodes are needed 

to rise the clinical suspicion of SARS-CoV-2 infection.  

There is little information on other GI symptoms in children. As stated above, data on 

abdominal pain are reported only in a minority of studies and the characteristics of the pain 

are rarely documented. Another symptom described in adults is the loss of appetite, which 

seems to be a very frequent GI manifestation.[38] However, in paediatric cohorts, it is not 

easy to distinguish whether a loss of appetite can be causally correlated to a specific illness, 

considering the impact on appetite of any disease in children, especially those presenting with 

fever. Therefore, in our opinion, anorexia should not be considered a GI symptom of COVID-

                  



19 in children. Acute appendicitis, phlegmonous ileocolitis, intussusception, pneumatosis 

intestinalis, protein losing enteropathy, and diffuse mesenteric lymphadenopathy have been 

reported as anecdotic manifestations of SARS-CoV-2 infection in children.[39]  

The correlation of GI symptoms with the age of the patients is not clear. In a very large series 

of 651 children in the UK from Swann et al fever and rhinorrhoea were less common whereas 

nausea, vomiting, and abdominal pain were reported more frequently in older children.[2] 

Conversely, in a study on 244 children, the clinical phenotype of SARS-CoV-2 infection was 

compared between children with and without GI involvement, showing that those with GI 

symptoms presented more frequently with fever and were younger than those without GI 

involvement.[40] Of note, it has been described in a series of 66 neonates that vomiting or 

feeding difficulties were – after fever - the most common signs at presentation.[41]  

A low lymphocyte count at hospital admission has been associated with initial GI 

involvement and with a higher rate of viral shedding.[42] Similarly, a study comparing 

COVID-19 patients with and without diarrhoea, showed that not only a reduced lymphocyte 

count, but also a decrease of gamma-glutamyl transferase (GGT), prealbumin and CD4-T 

cells might be useful in the diagnosis of GI involvement within SARS-COV-2 infection.[43]  

Giacomet et al first reported that the GI involvement was associated with a more severe 

phenotype. Interestingly, an association with cardiac impairment was also found.[23] A 

possible explanation lies in systemic inflammation, which in severe COVID-19 drives 

damage of both systems. These results conflicted with a previous study reporting an 

extremely low incidence (2%) of GI symptoms in a cohort of 48 children admitted to the 

intensive care unit (ICU).[44] Multiple evidence recently emerged on the association of GI 

manifestation and disease severity. In a Spanish cohort, children with GI symptoms had 

higher risk of ICU admission after adjustment for multiple confounding factors.[37] 

                  



Similarly, in another case series of 74 Spanish children admitted to ICU, more than a half 

presented with GI involvement.[45] This finding has been recently confirmed by Feldstein et 

al. on 577 children and young adults with severe acute COVID-19. Of them, 332 (57.5%) had 

GI symptoms on presentation.[46] These results are also consistent with findings published in 

adults.[38,47] Recently, many of the large case series on paediatric COVID-19 confirmed that 

GI symptoms are significantly associated with a severe course and/or ICU 

admission.[2,25,31] Only in one of these large series the association of GI symptoms with 

severe COVID-19 was not confirmed, even though the incidence of GI symptoms in children 

in the ICU (31%) exceeded that of children not admitted to the ICU (21%).[24] More 

specifically, in a recent metanalysis on 55 studies (4369 patients) the presence of diarrhoea 

was associated with a more severe disease course (OR 3.97), whereas abdominal pain and 

nausea/vomiting were not associated with disease severity.[33] 

Overall, it is advisable to consider GI symptoms not only as an indicator of possible SARS-

CoV-2 infection, but also as a clinical warning of a severer disease course. 

 

Multisystem inflammatory syndrome in children  

MIS-C, which is temporally associated with SARS-CoV-2 infection, is characterized by 

systemic inflammation, fever and multi-organ dysfunction, including the respiratory tract, the 

heart, the GI, and the central nervous system.[5] GI symptoms, including abdominal pain, 

diarrhoea and vomiting are the most frequent presenting features of MIS-C after fever, 

ranging from 80 to 100% of published cases.[3,4,37,46,48–52] Severe COVID-19 and MIS-C 

are not always easily distinguishable. Although GI symptoms are far more frequent in MIS-C 

than in severe COVID-19, when GI involvement is not accompanied by cardiovascular, 

                  



respiratory, or mucocutaneous involvement, severe COVID-19 should be suspected rather 

than MIS-C.[46]  

Patients sometimes present with GI symptoms and fever before the onset of an overt 

multisystem inflammatory syndrome, thus mimicking viral gastroenteritis or even 

inflammatory bowel disease.[53] In early reports, MIS-C also mimicked appendicitis and/or 

peritonitis, requiring in some cases surgical exploration.[54] Mesenteric adenitis and ascites 

have also been described, implying an overt inflammatory reaction of the gut. The 

pathomechanisms are unclear but are supposed to be driven by a systemic response rather 

than a direct viral damage, as SARS-CoV-2 RNA is typically not found in nasal and rectal 

swabs of children with MIS-C. The lower gut is more commonly involved, but MIS-C can 

affect any tract of the GI system. The inflammation, which can sometimes lead to wall 

thickening, responds in most cases to systemic treatments, not requiring surgical intervention 

except in rare cases of acute obstruction.[55] 

 

Faecal Shedding 

As described above, SARS-CoV-2 virions are assembled in enterocytes and eliminated in 

faeces. At the beginning of the pandemic, a possible role of faecal shedding in SARS-CoV-2 

transmission was hypothesised based on the description of persistently positive rectal swabs 

in children.[6] Since early reports, it has emerged that SARS-CoV-2 shedding is detectable in 

faeces longer than in the respiratory tract.[56–58] In a series on 74 children, faecal specimens 

turned negative five to 23 days after negative conversion in respiratory tract swabs in eight 

out of 10 tested children.[59] Han et al demonstrated that in 11 patients the RNA load in 

faeces remained high for more than three weeks, whereas that in respiratory tract swab 

specimens declined.[60] In another series of 9 children, the median duration of SARS-CoV-2 

                  



shedding in the nasopharyngeal swabs and the stools was 13 and 43 days, respectively.[61] In 

some smaller series the duration of faecal specimen positivity after nasal swab turning 

negative was even longer, ranging from 8 to 25 days.[62–64] A prolonged duration in 

children, compared to adults was also reported (up to four and one week after discharge, 

respectively).[65] In the study form Hua et al, faecal specimens were positive in 91.4% 

(32/35) children, with a prolonged shedding up to 70 days in some cases. Interestingly, a 

positivity in faecal SARS-CoV-2 detection was not considered a contraindication to 

discharge, but no infection was observed in contacts of children with faecal shedding.[66] 

Both the high rate of positive RT-PCR testing in the stool and the long-lasting viral shedding 

via the gastrointestinal tract were further confirmed. In a systematic review based on 69 

paediatric cases, 86% of children undergoing stool PCR assay, rectal swab or anal swab tested 

positive. GI shedding persisted for as long as 4 weeks, with a mean duration of viral shedding 

of 23 days from the onset of symptoms, compared to an 11-day mean duration of respiratory 

shedding.[67] Similarly, in a metanalysis of paediatric COVID-19, 86% of 106 tested children 

had a positive faecal specimen, persisting in most cases (71%) after respiratory swabs turned 

negative. Moreover, faecal testing remained positive in 25 out of 73 patients who were tested 

two weeks after the respiratory tract specimens turned negative.[68]  

To better define the role of GI involvement in the infection, a correlation between 

gastrointestinal symptoms and the presence of SARS-CoV-2 in faeces or of active viral 

replication need to be demonstrated. The positivity of stool specimens was not associated with 

the presence of GI symptoms in children.[40,69] Interestingly, in a series of 244 infected 

children, the rate of stool specimen positivity was similar between patients with (41%) and 

without (36%) GI symptoms.[40] Similarly, in a metanalysis including 8 studies where 

SARS-CoV-2 was tested in faeces, faecal shedding was detected in 40% of 407 patients, but 

only 12% had GI symptoms.[70] Recently, a large metanalysis of 35 studies (1,636 patients) 

                  



showed that a higher proportion of patients with GI symptoms (52.4% vs 25.9%, OR 2.4) had 

faecal shedding compared with those without GI symptoms. An even stronger association 

(51.6% vs 24.0%, OR 3) was found with diarrhoea. Twenty-seven percent of the patients had 

persistent faecal shedding after nasal swab turned negative, with a mean difference of 7.1 

days.[71] 

The detection of SARS-CoV-2 in faeces does not confirm its faecal-oral transmissibility. 

Viral RNA was also detected in the sewage, but it is not clear if SARS-CoV-2 can survive 

long enough and maintain concentrations in fomites sufficient for transmission.[72]  

A summary of studies on faecal shedding in children is reported in table 2. 

 

Liver and biliary tract 

Multiple factors concur to our difficulties in evaluating the impact of SARS-CoV-2 infection 

on the liver, especially in children. Laboratory markers of hepatic cytolysis are seldom or 

partially reported in paediatric cohorts. The description of cholestasis indices is even rarer . 

The degree of liver dysfunction, beyond an increase in transaminases, is unknown. Moreover, 

the finding in adults of higher levels of aspartate (AST) than alanine aminotransferases 

(ALT), frequently accompanied by high creatine kinase and lactate dehydrogenase levels, has 

risen the suspicion of the confounding effect of viral myositis. Finally, the role of systemic 

inflammation-induced damage on the liver and the biliary tract needs to be further clarified.   

Except for sporadic cases of hepatic failure,[73,74] the extent of SARS-CoV-2-related liver 

involvement is mild to moderate in children. In early paediatric reports, the rate of AST and 

ALT elevation was around 20%.[75] Later on, in two large studies including 170 [1] and 100 

[76] children, the incidence of AST elevation was 50% and 20%, whereas for ALT it was 

35% and 14%, respectively. However, these data may be not fully representative since 

                  



transaminases and liver function tests were reported only in a small proportion of the included 

patients. A lower incidence of transaminases elevation (5% for ALT and 17% for AST) was 

found in 110 patients by Lu et al.[77] In another study on 101 children, a mild elevation of 

liver enzymes was observed in 40% of patients, but only nine of them presented with an 

increase of more than two folds.[37] Similarly, in a series of 148 children, the values of AST 

and ALT, reported as median and interquartile range, were only slightly elevated.[31] 

Nevertheless, both values were found significantly increased in those children with a 

moderate course when compared to those with a milder course of the disease. No significant 

increase was detected in cholestasis or liver function markers, though a slight but significant 

difference in GGT was observed between patients with a mild and a moderate disease course. 

Similar results came from the largest study published to date on children.[2] Of the 651 

included patients about a half was tested for ALT, with a median value of 24 UI/L, whereas in 

the 66 patients tested for AST, the median value was 40 UI/L. No significant increases in 

bilirubin and prothrombin time were reported. Despite little information being available on 

follow-up in children, a normalisation of transaminases has been described at four months in a 

small cohort.[78] In a recent metanalysis of 19 studies (3907 patients) the pooled incidence of 

increased ALT was 8% and that of increased AST was 15%.[34] 

The impact of age on liver disease susceptibility in COVID-19 is questioned. Early reports 

indicated that children with abnormal transaminases were younger, a finding possibly 

explained by the immaturity of the liver in infants as well as by the increased expression of 

ACE2 receptors.[79] A high rate of liver dysfunction - up to 45% - was reported in a cohort of 

46 children younger than one year.[80] However, in this cohort the degree of liver 

dysfunction was not described.  

Studies in adults do not diverge significantly on transaminase elevation, which is reported in 

around 20% of patients,[70] often accompanied by mild increases of bilirubin levels.[81,82] 

                  



Conversely, the elevation in cholestasis markers – uncommon in children - is not rare in 

adults.[83] 

The implications of an increase in transaminases are mostly unknown. An increase of AST, 

unlike ALT, was associated with GI symptoms in adults with COVID-19.[84] A significant 

increase in transaminases is described in adults with severe COVID-19 compared with those 

with a non-severe course,[19] and in those patients admitted in ICU.[35] An association with 

mortality was also reported.[85] Similarly, liver injury seems to be more prevalent in severe 

cases of COVID-19,[86] as it is for liver function abnormalities and elevated bilirubin. 

Moreover, in critically ill adults, pathology revealed a hepatocellular injury pattern, in the 

absence of severe aminotransferases elevation.[85,87] Therefore, it is reasonable to consider a 

significant increase of liver enzymes as a warning also in children. Nevertheless, it is to be 

acknowledged that COVID-19 and hepatic damage can co-occur, and an instrumental linkage 

can hardly be proven. It is therefore important to rule out other potential causes of liver 

damage. Monitoring transaminases in those patients still having increased values at discharge, 

seems a reasonable approach. 

A decompensation is described following SARS-CoV-2 infection in adults with chronic liver 

disease (CLD), particularly in those with associated obesity or diabetes.[88] When liver 

damage is documented, in both MIS-C and severe COVID-19, vascular thrombotic events 

should be taken into consideration.[89] Finally, monitoring of transaminases should not be 

overlooked in those patients receiving treatments such as lopinavir, remdesivir and 

tocilizumab.  

 

Multisystem inflammatory syndrome in children  

                  



Systemic inflammation is thought to be the main driver of MIS-C symptoms, and the liver can 

be targeted by systemic inflammation. In the first series on MIS-C [4] an increase in ALT was 

described in two thirds of patients and low albumin values in around 80%. More than a half of 

patients presented with low platelets. Overt hepatitis or hepatomegaly were described in 6% 

of patients. However, in a series of ICU admitted children with COVID-19, no difference was 

found in the rate of acute liver dysfunction between patients with or without MIS-C.[45] 

Liver disfunction in MIS-C could be just a consequence of high systemic inflammation, as 

can be found in severe COVID-19. Interestingly, a 14-year-old boy was recently reported to 

develop clinical-laboratory signs of hepatic steatosis at short-term follow-up after MIS-C, 

including  hepatic steatosis as a possible sequela of the disease.[90] Acute liver failure has 

been described in critically ill children with MIS-C with multi-organ failure. In the same 

series, half of patients with MIS-C reported persistently elevated liver enzymes one month 

after discharge.[91] As for the other disease manifestations, long-term follow-up is required to 

understand the evolution of this condition. 

 

Pancreas 

Pancreatic involvement in children with SARS-CoV-2 infection is rarely reported, and 

possibly underestimated, considering our knowledge from series on adults. Few cases of 

SARS-CoV-2-related severe pancreatic injury are reported in children. A 7-year old girl 

presented with an onset of necrotizing pancreatitis two weeks prior to her COVID-19 

diagnosis, and therefore it was unclear if the pancreatitis was associated or caused by the 

infection. [92] A 10-year-old girl presented with acute pancreatitis before rapidly progressing 

to a multisystem organ dysfunction consistent with MIS-C.[93] Recently, three children with 

COVID-19 associated pancreatitis were described. All of them presented with abdominal pain 

                  



and had laboratory and imaging findings consistent with pancreatitis. Two of them also 

underwent chest imaging, revealing scattered ground-glass opacities and interstitial opacities 

with peribronchial thickening, respectively. Only one developed mild respiratory symptoms 

typical of COVID-19. All had a favourable disease course, being discharged after a few 

days.[94] 

Pancreatic involvement – as defined by serum amylase or lipase elevation – is widely 

described in adults. Mild laboratory pancreatic enzyme abnormalities have been observed in 

around 10% of COVID-19 adult patients [95] and more frequently in those with severe 

disease.[18] An increase in lipase was associated with ICU admission in some series,[96] but 

not in others.[97] Additionally, patients with pancreatic abnormalities often present GI 

symptoms, though rarely including abdominal pain, which would be helpful to classify such 

abnormalities as acute pancreatitis.[95] Elevated lipase levels are also frequent in COVID-19-

associated acute respiratory distress syndrome.[98] However, whether the increase in 

pancreatic enzymes is accompanied by other signs of acute pancreatitis, is rarely reported. 

Even when hyperlipasaemia is described, it seldom exceeds three times the normal range and 

hardly ever results in radiology-confirmed pancreatitis.[97]  

Altogether, these findings do not completely support the hypothesis of COVID-19 as a novel 

aetiology for acute pancreatitis. Determining whether a direct viral damage – as can be 

speculated considering the high expression of ACE2 in the pancreas – or an indirect damage 

through systemic inflammation is responsible of pancreatic involvement could help to gain a 

better understanding. Additionally, a possible role of drug-induced pancreas injury cannot be 

ruled out. It has also to be acknowledged that COVID-19 and acute pancreatitis can co-occur 

without an established causal link. Therefore, it remains undetermined if an isolated 

pancreatic injury in the absence of other COVID-19 symptoms can be ascribed to COVID-19 

                  



alone, rising the urge to rule out different potential causes of acute pancreatitis, as for those 

patients without COVID-19. The long-term effects of pancreatic damage are unknown.  

Management of children with COVID-19 and pancreatic abnormalities should include what 

we have learned from adults with COVID-19 and what we already knew on paediatric 

pancreatitis. In children with GI symptoms, or at least in those with abdominal pain, screening 

of amylase and lipase levels could be performed. When pancreatic damage is documented, 

therapeutic management should follow the guidelines on paediatric acute pancreatitis.[99] As 

for COVID-19, also severe pancreatitis triggers systemic inflammation. Therefore, when 

pancreatic damage is documented also other organ dysfunctions and vascular thrombotic 

events should be excluded.   

Finally, an involvement of the endocrine pancreas should not be underestimated, considering 

the known association of diabetes mellitus with increased morbidity and mortality in COVID-

19 patients [100] and the possible worsening of glycaemic control through SARS-CoV-2-

mediated damage to the pancreatic beta cells. However, analysing the link between COVID-

19 and diabetes remains beyond the purposes of the present review.  

 

Present and future challenges  

At the beginning of the pandemic limited data were available on the severity of SARS-CoV-2 

infection in patients with chronic conditions. Unexpectedly, the first reported paediatric 

patients with SARS-CoV-2 infection and inflammatory bowel disease (IBD) had a mild and 

favourable course.[101] More recently, data on 209 children with IBD who contracted SARS-

CoV-2 infection were reassuring. Only seven percent of patients required hospitalization, and 

no deaths were reported. Therapy with steroids or sulfasalazine/mesalamine, and GI 

                  



symptoms, were associated with an increased risk of hospitalisation and/or death, that was 

reduced in patients treated with TNF antagonists.[102]  

A retrospective multicentric study on 542 coeliac patients showed a incidence of SARS-CoV-

2 not significantly different from the general population.[103] Similarly a large international 

study confirmed that the risk of contracting SARS-CoV-2 infection was similar in individuals 

with and without coeliac disease.[104] Data from the SECURE-CELIAC Registry of children 

and adults with coeliac disease, indicate that these subjects are not at increased risk of 

hospitalization or death.[105]  

Since children with chronic GI disease do not appear to have a higher risk of severe COVID-

19, the challenge remains providing them with adequate care. The first waves of the pandemic 

have had a strong impact on the healthcare systems in terms of interruption of routine clinical 

care, e.g., the limitation of endoscopy procedures, due to the high risks connected to aerosol 

formation. In Italy, hospitalisations for diagnostic or follow-up endoscopy and outpatients’ 

visits were significantly reduced, but hospitalisations for relapse and surgery remained stable, 

as well as infusions of biologic drugs.[106] In the same period, IBD was regularly diagnosed 

without endoscopy in the UK.[107] Pre-procedure screening, improvement of risk 

stratification for endoscopy indication, and appropriate use of personal protective equipment 

can be effective strategies to reduce delays in diagnosis and treatment.[108]  

It is reported that adults with CLD have a higher risk of COVID-19 related mortality, 

compared to those without CLD, but these finding have not been confirmed in children. In 

early reports, the outcome of COVID-19 in patients with CLD, autoimmune liver disease, and 

liver transplant recipients was favourable.[109] More recently, a multicenter study conducted 

on children with CLD in Northern Italy reported that the majority of children remained 

healthy during the outbreak, without differences in the susceptibility to SARS-CoV-2 

                  



infection, regardless of the underlying CLD.[110] Similar findings came from studies 

focusing on children on immunosuppressive treatment.[109] As for IBD, an underlying liver 

disease does not seem an additional risk factor for severe COVID-19. A study on 47 liver 

transplant recipients (children or young adults) infected with SARS-CoV-2 found that no 

patients required mechanical ventilation or died. Almost 30% of them were asymptomatic, 

whereas the common findings were respiratory symptoms (36%), fever (34%), and GI 

symptoms (25%).[111] Therefore, also in the hepatology practice, the major challenge 

remains the prosecution of treatment and follow-up. Liver transplant recipients and children 

with autoimmune liver disease are unlikely to be at higher risk of severe complications of 

SARS-CoV-2 infection, presenting with similar symptoms and a similarly mild disease course 

as the general paediatric population. However, a modulation of the immunosuppressive 

regimens might be sometimes required.[111] 

Effective immunisation programs are ongoing in Western countries, with dramatic results on 

disease control.[112] Children are gradually being included in these programs, with priority to 

those with chronic conditions. However, a significant proportion of the world population does 

not have access to vaccination yet. The extension of vaccination programs to low-income 

countries is a priority, though unlikely to be obtained in the short period. Therefore, many 

challenges will still have to be faced in such countries. The severity of SARS-CoV-2 infection 

was reported not to be increased in low and middle-income countries.[113] However, the 

indirect effects of the pandemic have been concrete. Neglecting child and maternal health 

preventive programs can affect immunisation rates and nutritional programs, resulting in 

increased morbidity from other diseases.[113,114] Therefore, to revert the tendency to a 

reduced health care access due to neglected global health programs and fear of contracting 

SARS-CoV-2 infection in hospital settings, is a major challenge. Improving testing for SARS-

CoV-2 in symptomatic children will also be necessary, as well as the maintaining of social 

                  



distancing. GI symptoms, in particular diarrhoea, pose an additional challenge in low-income 

countries, where the incidence of infectious gastroenteritis is dramatically high. Adequate 

prevention measures are equally mandatory. Recently, it has been estimated that 26% of the 

global population lacked access to handwashing with available soap and water.[115] Such a 

finding gains urgency if we consider faecal-oral transmission a potential route for SARS-

CoV-2 infection.  

 

Conclusions 

Research on COVID-19 is fast progressing, and much is being discovered on children-

specific disease phenotypes. A synopsis of the novel finding reported in this manuscript is 

reported in table 3. Overall, GI involvement represents an essential aspect of SARS-CoV-2 

infection of in both adults and children. However, many issues remain unanswered and pose 

multiple challenges to the paediatric gastroenterologist. Among them, the role of GI 

symptoms in the suspicion of SARS-CoV-2 infection, the potential epidemiologic risk of 

faecal shedding, and the clinical meaning of hepatic and pancreatic abnormalities. Future 

research in paediatrics should focus on better defining the clinical profiles of the GI 

involvement in children and understanding the long-term effects of organ involvement. The 

role of faeces in spreading the pandemic deserves a wider and deeper perspective, as well as 

the maintenance of health care standards in both high- and low-income countries. 
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Table 1. Proportions of patients presenting with gastro-intestinal involvement among children 

with SARS-CoV-2. Only studies including 100 or more children are included in the table.  

 

Included 

patients, n 

Diarrhoea, n 

(%) 

Vomiting, n 

(%) 

Nausea, n 

(%) 

Abdominal 

pain, n (%) 

Swann et al, BMJ 2020 651 98 (15) 179 (32) 107 (16) 

Bayesheva et al, 

Paediatr Int Child 

Health 2020 

650 13 (2) NR NR NR 

Götzinger et al, Lancet 

Child Adolesc Health 

2020 

582 128 (22) 

Antúnez-Montes et al, 

Pediatr Infect Dis J 

2021 

409 101 (25) 

Bialek et al, MMWR 

2020 
291 37 (13) 31 (11) 17 (6) 

Cura Yayla et al, 

Balkan Med J 2020 
220 17 (8) 9 (4) NR NR 

Lu et al, N Engl J Med 

2020 
171 15 (9) 11 (6) NR NR 

Parri et al, Pediatrics 

2020 
170 19 (11) 24 (14) 12 (7) 13 (8) 

Garazzino et al, Euro 

Surveill 2020 
168 22 (13) 9 (5) NR NR 

van der Zalm et al, Clin 

Infect Dis 2020 
159 22 (14) 18 (11) NR NR 

Wu et al, JAMA 2020 148 32 (22) NR NR 

Alsharrah et al, J Med 

Virol 2020 
134 11 (8) 

Giacomet et al, Pediatr 

Infect Dis J 2020 
127 28 (22) 12 (9) NR 8 (6) 

Rabha et al, Rev Paul 

Pediatr 2020 
115 15 (13) 20 (17) 10 (9) 

Lu et al, Pediatr Infect 

Dis J 2020 
110 26 (24) 

Gonzalez-Jimenez et 

al, Pediatr Infect Dis J 

2020 

101 33 (33) 35 (35) 35 (35) 

NR: not reported. 

 

 

  

                  



Table 2. Summary of the studies on SARS-CoV-2 faecal shedding in children.  

 
Tested 

patients, n 

Positive 

stool/rectal 

swab, n (%) 

Duration, 

days 
Comment 

Xiong et al, Gut 

2020 
105 39 (37) NR 

No difference between 

symptomatic and 

asymptomatic children 

Hua et al, J Med 

Virol 2020 
35 32 (91) 

NR (>70 in 

one child) 

51% positive after 

negative nasal swab 

De Ioris et al, J 

Pediat Infect Dis 

Soc 2020 

22 15 (68) 10 - 14 46% positive at discharge 

Han et al, Emerg 

Infect Dis J 2020 
12 11 (96) >21 in 80% 

High viral load in faeces 

for >3 weeks 

Xu et al, Nat Med 

2020 
10 8 (80) 3 - 28 

All remained positive 

after negative nasal swab 

(3-30 days) 

Wu et al, 

Pediatrics 2020 
NR 10 (NR) NR 

80% positive after 

negative nasal swab (5-23 

days) 

Du et al, J Infect 

Public Health 

2020 

10 7 (70) 
34 

(median) 

8-17 days longer than 

nasal swab 

Liu et al, Emerg 

Microbes Infect 

2020 

9 8 (89) 28 - 66 

All remained positive 

after negative nasal swab 

(14-52 days) 

Ma et al, J 

Microbiol  

Immunol Infect 

2020 

27 * 6 (NA) 
>28 in 3 

patients 

Longer shedding in 

children compared to 

adults 

Jiehao et al, Clin 

Infect Dis 2020 
5 6 (83) 18 - 30 

All remained positive 

after negative nasal swab 

(11-18 days) 

Tan et al, J Clin 

Virol 2020 
4 3 (75) 6 - 16  

Xing et al, J 

Microbiol 

Immunol Infect 

3 3 (NA) 6 - 30 

All remained positive 

after negative nasal swab 

(8-20 days) 

Zhang et al, J 

Infect 2020 
3 3 (NA) 24 - 31 

16-25 days longer than 

nasal swab 

Zhang et al, J 

Med Virol 2020 
3 3 (NA) 29 - 35 

19-24 days longer than 

nasal swab 

 

NA: not applicable; NR: not reported. 

* Include both children and adults. 

  

                  



Table 3. Recent updates on GI, liver, and pancreatic involvement in children with COVID-19 

and MIS-C.  

COVID-19  

GI 

Large series and metanalyses report data on GI symptoms in children 

with SARS-CoV-2 infection 

 

GI involvement is associated with disease severity 

 

Underlying IBD is not an additional risk factor for severe COVID-19 

Liver 

Children with SARS-CoV-2 infection can have mild to moderate liver 

involvement 

 

Transaminase elevation associated to a less mild disease course 

 

Underlying CLD is not an additional risk factor for severe COVID-19 

Pancreas Pancreatic involvement might be underestimated 

MIS-C 

GI symptoms occur in 80-100% of children with MIS-C 

 

High ALT and low albumin are common in MIS-C 

 

Severe COVID-19 has to be suspected rather than MIS-C in the 

presence of GI symptoms without CV, respiratory, or mucocutaneous 

involvement  

 

GI symptoms and fever can anticipate overt MIS-C 

 

MIS-C can mimic other GI diseases 

Faecal shedding  

Faecal shedding is associated to GI symptoms (diarrhoea) 

 

Faecal shedding in children can last longer than respiratory shedding 

 

GI: gastrointestinal; MIS-C: multisystem inflammatory syndrome in children; ALT: alanine 

aminotransferase; CV: cardiovascular; IBD: inflammatory bowel disease; CLD: chronic liver 

disease.  

                  



Figure 1. Visual summary of gastrointestinal, hepatic, and pancreatic manifestations of 

SARS-CoV-2 in children. Upper panel: pathogenesis of SARS-CoV-2 infection and 

mechanisms of damage. Lower panel: clinical manifestations of COVID-19 involving the 

gastrointestinal tract, the liver, and the pancreas.   

 

Figure 2. GI involvement in adults with COVID-19 (A) and differences between adult and 

paediatric COVID-19 related GI, liver, and pancreatic involvement (B). 

                  


