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Abstract
[bookmark: _Hlk72392174]Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the causative agent of coronavirus disease 2019 (COVID-19), is responsible for the first pandemic of the 21st century. As found in adults, signs and symptoms related to the disease mainly involve the respiratory tract in the paediatric population. However, a considerable number of children present with gastrointestinal symptoms such as vomiting, abdominal pain, and diarrhea. The purpose of this review is an accurate description, from pathogenesis to clinical presentation, diagnosis and treatment, of COVID-19 effects on the gastrointestinal system at a paediatric age. SARS-CoV-2 can be identified in stool specimens of affected children by real-time polymerase chain reaction techniques. Positivity can last for several weeks after the end of the symptomatic phase. Gastrointestinal signs and symptoms are generally self-limited, can correlate with blood tests and imaging alterations, and may require supportive treatment such as hydration. However, they can precede severe disease manifestations such as the COVID-19-related multisystem inflammatory syndrome. Children belonging to risk categories such as those affected by celiac disease, inflammatory bowel disease, and hepatic disease seem to not have a more severe course than the others, even if they are undergoing immunosuppressant treatment. Medical follow-ups of patients with chronic diseases need to be revised during the pandemic period in order to postpone unnecessary tests, mainly endoscopic ones.
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Core Tip: Gastrointestinal signs and symptoms seem to be more common in paediatric coronavirus disease 2019 (COVID-19) compared to adults. Manifestations are generally self-limited, and may only require supportive treatment. In a minority of children, gastrointestinal involvement may precede severe forms such as the multisystem inflammatory syndrome. Conversely to what is expected, the COVID-19 impact on paediatric patients with chronic gastrointestinal diseases is limited, with no need for therapeutic regimen changes. However, the severe acute respiratory syndrome coronavirus 2 pandemic determined multiple variations in routine practice. The use of telemedicine and telehealth can be a solution in order to continue to provide regular follow-up to chronic patients, avoiding the risk of viral transmission.

INTRODUCTION
The coronavirus disease 2019 (COVID-19) is caused by single-stranded RNA severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The disease was first described in Wuhan, China, in December 2019. Then the virus spread rapidly worldwide, making the World Health Organization declare the first pandemic of the 21st century in March 2020[1]. On March 4, 2021, there were more than 114 million confirmed cases of COVID-19 worldwide, with nearly 3 million registered deaths[2].
The clinical spectrum of COVID-19 in children and adolescents ranges from asymptomatic/pauci symptomatic infection to severe disease. Digestive symptoms related to COVID-19 such as vomiting, diarrhea, and abdominal pain have emerged as extrapulmonary manifestations, with SARS-CoV-2 RNA detected in the faeces of people affected, suggesting faecal-oral transmission. Children with gastrointestinal (GI) chronic diseases, including those undergoing immunosuppressive or biological treatment, need to be strictly evaluated for the risk of developing severe forms of COVID-19. GI involvement may play a role in the presentation of symptoms in children affected by the multisystem inflammatory syndrome (MIS-C) associated with COVID-19[3].
The purpose of this review is to summarise what is known about COVID-19 GI manifestations in children, from diagnosis to symptoms and treatment, including the peculiar aspects of patients with GI chronic diseases.

PATHOGENESIS
There are many mechanisms through which SARS-CoV-2 can interact and damage the GI system.
The first is a virus-induced cytopathic effect. SARS-CoV-2 interacts with membrane receptors of the host cells through the spike protein, which mediates the fusion of the virus and the cell membrane[4]. Angiotensin-converting enzyme receptor 2 (ACE-2) and transmembrane protease serine 2 (TMPRSS2) are both essential for the cellular entry process of the virus. They are co-expressed at a high level both in the type II alveolar cells of the lung, in the glandular cells of the gastric, duodenal, and rectal epithelium, and in the enterocytes of ileum and colon[4]. After viral entry, new virions are synthesised in the cytoplasm of the GI cells and then are released in the GI tract, causing direct disruption of enterocytes and the viral shedding in the stool[5,6]. As absorptive enterocytes are destroyed by SARS-CoV-2, this changes the intestinal permeability, leading to malabsorption and unbalanced intestinal secretion, resulting in the genesis of diarrhea[6-8].
As ACE-2 is equally expressed in liver and pancreas, the virus cytopathic effect can also be detected in these organs. Hepatic distribution of ACE-2 is peculiar; it is highly expressed in the endothelial layer of small blood vessels but not in the sinusoidal endothelium[9]. Its concentration on cholangiocytes’ surface is higher than of the hepatocyte surface and is similar to the type II alveolar cells of the lungs. SARS-CoV-2 may have the ability to infect cholangiocytes via the ACE-2 receptor and directly dysregulate liver function[7,9]. However, there is no evidence of active virus replication in hepatocyte cells[6]. A histological examination of a liver biopsy obtained from a deceased COVID-19 patient showed no viral inclusions, but rather a microvesicular steatosis and mild lobular activity[7].
SARS-CoV-2 can affect both the exocrine and endocrine pancreas; an abnormal elevation of amylase and lipase, together with glucose dysregulation and acute diabetes are described in patients with severe COVID-19 pneumonia, with development of acute pancreatitis in a few cases[10].
The second mechanism depends on immune-system activation[11]. SARS-CoV-2-infected cells release a large number of inflammatory mediators and chemokines such as interleukin (IL)-2, IL-7, granulocyte colony-stimulating factor, interferon-γ inducible protein 10, monocyte chemoattractant protein 1, macrophage inflammatory protein 1-α and tumour necrosis factor-alpha (TNF-α). This “cytokine storm” causes neutrophil aggregation and activates type 1 helper cells. This promotes the accumulation of immune cells in the GI system[7]; a large number of infiltrating plasma cells and lymphocytes together with interstitial oedema have been found in the inherent layers of the stomach, duodenum, and rectum in adult COVID-19 patients[8]. The cytokine overproduction correlates with disease severity and multiple organ insufficiency development outside the lung, liver, and pancreas.
SARS-CoV-2 may alter the intestinal microbiome even when only the respiratory mucosa is involved (the “gut-lung axis”)[5,6]. Increased inflammatory mediators lead to lung hyperpermeability so that the virus and inflammatory mediators migrate to the intestine via circulation. SARS-CoV-2 and the inflammatory mediators disrupt the intestinal permeability leading to the leakage of gut microbes and associated metabolites into circulation. The leaked microbes and products migrate to organs including lungs and produce abnormalities.
Other hypothesised mechanisms of liver and pancreatic damage include hypoxic injury due to respiratory distress and drug-induced injury[5-7,10]. Kidneys can also be involved, as they are fundamental in eliminating amylases and lipases from the circulatory stream: their malfunction can lead to a transient increase in pancreatic enzymes[10].

CLINICAL MANIFESTATIONS
Children and adolescents with GI symptoms such as nausea, vomiting, or diarrhea should be seriously evaluated for COVID-19, as the faecal-oral route transmission of SARS-CoV-2 is extensively described (Figure 1). Oba et al[12] reported that GI signs and symptoms may affect 3% to 79% of children, adolescents and adults with COVID-19. Various paediatric systematic reviews evidenced similar results[4,6,13], curiously with different frequencies in the United States and Europe compared to China (21.1% vs 12.9%)[4]. Manifestations include diarrhea (2%-50%), anorexia (40%-50%), vomiting (4%-67%), nausea (1%-30%), abdominal pain (2%-6%) and GI bleeding (4%-14%). Diarrhea and vomiting are the most common GI symptoms described, sometimes as the first symptoms of disease, even before or in absence of respiratory manifestations. Diarrhea, often watery, occurs from 1 d to 8 d after the onset of COVID-19, with a median time of 3.3 d, and lasts for a mean of 4 d[12]. Vomiting is more often reported in the paediatric population than in the adult one.
[bookmark: _Hlk57819330]GI symptoms may correlate with severe COVID-19 in children admitted to hospital. A Spanish multicentre study involving 101 paediatric inpatients noticed that patients presenting with GI symptoms tended to have higher C-reactive protein (CRP), procalcitonin (PCT), ferritin and aspartate aminotransferase values, and to receive antibiotics, lopinavir-ritonavir, corticosteroids and immunoglobulins more frequently than the others. Moreover, they had a higher risk of paediatric intensive care unit (ICU) admission, regardless of age, gender, immunosuppressive therapy and previous underlying conditions[14]. Similar findings were evidenced in studies among adults, where those with diarrhea had a higher risk of ICU admission regardless of the age, sex and comorbidities[15,16].
GI symptoms such as vomiting, abdominal pain and/or diarrhea are typically present and considered diagnostic criteria in children with the COVID-19-related MIS-C (71%-84% of the cases), along with fever lasting more than 3 d, evidence of mucocutaneous inflammation (rash, conjunctivitis, oromucosal changes), lymphopenia and high levels of circulating inflammation[3,17-19]. Abdominal pain may be so relevant that few children with a final diagnosis of MIS-C initially present with acute surgical abdomen; they may undergo exploratory laparotomy with intra-operative findings of mesenteric lymphadenitis and peritonitis[20]. Evolution to severe disease including cardiac involvement, hypotension and shock is often described in children with MIS-C[19].

DIAGNOSIS
Prompt diagnosis of SARS-CoV-2 infection can determine treatment strategies and influence the outcome of the disease in children. Suggestive symptoms together with the history of a close contact with a COVID-19 patient are the most useful criteria for a suspicion of infection[21]. Diagnosis is confirmed by SARS-CoV-2 isolation in patient samples, while auxiliary examinations are useful to determine the severity of the disease and organ involvement in infected children.
Leukopenia with neutropenia and lymphocytosis or lymphopenia are the most common findings at blood count. Erythrocyte sedimentation rate is elevated in a great number of children, as well as IL-10 and IL-6. CRP and PCT levels can be normal. However, a PCT value > 0.5 ng/mL may be suggestive of bacterial coinfection or of a severe autoinflammatory state such as the MIS-C[22,23].
A mild increase in liver enzymes is well described in COVID-19, with various percentages among studies, ranging from 13% to 50% in paediatric patients; however, serious liver dysfunction is uncommon[6,24]. Elevated aspartate aminotransferase levels (> 50 UI/L; 20.4%-50% of cases) are observed more frequently than alanine aminotransferase levels (> 45 UI/L; 9%-35% of cases). Increased transaminases are often accompanied by high creatinine kinase and lactate dehydrogenase, suggesting the possibility of a viral myositis[25,26].
Considerable alteration in liver enzymes is common in those with severe spectrum of disease (40%-60%) compared to those who are asymptomatic or have mild manifestations (18%-25%). Nevertheless, every child with COVID-19 and raised transaminases should be investigated for other causes of liver pathology[5].
Patients with MIS-C present with a remarkable elevation in transaminases levels (52.3%) together with a mild decrease in albumin rates. Elevation of lipase levels > 3 times the normal limit was observed in one paediatric patient with MIS-C[3,25]. In fact, pancreatic involvement in adults with COVID-19 is well described, with a lipase increase in 7.9% of cases. Bilirubin levels are also more than doubled in those with severe infection, when compared to those with mild disease[10].
Nucleic acid testing is the method of choice for virus identification. SARS-CoV-2 RNA can be detected in sputum, lower respiratory tract secretions, urine, stool, tears, and blood samples by real-time polymerase chain reaction (RT-PCR) technology or by viral gene sequencing. RT-PCR on nose-pharyngeal swab (NPS) is the diagnostic method of choice in children. However, paediatric patients tested for SARS-CoV-2 by RT-PCR on a rectal swab or stool returned a positive result in 89% of cases, despite not presenting with any GI symptoms. Moreover, COVID-19 children may have a stool SARS-CoV-2 RT-PCR positive result more frequently than adults in spite of a negative respiratory swab; RT-PCR on stool samples seems to be as accurate as those performed on the NPS in order to identify SARS-CoV-2[27,28].
As the faecal-oral route is confirmed as a way for SARS-CoV-2 transmission, all children with digestive tract symptoms should be tested for SARS-CoV-2 on faeces[12,29]. RT-PCR on stool becomes positive from 2 d to 2 wk after the respiratory specimen ones, and 23%-82% of patients continue to have positive faecal test for approximately 1-16 d after their NPS turn negative[4,28]. The interval to stool negativisation may be prolonged, exceeding 70 d in healthy children, longer in patients treated with corticosteroids[4].
Therefore, despite major evidence being necessary to consider a negative RT-PCR on faeces as one of the discharge criteria, it may be important to recommend isolation at home for at least 2 wk after hospital discharge[4].
Little is known about typical imaging findings in COVID-19 paediatric patients with GI symptoms. Abdominal ultrasonography to computed tomography or magnetic resonance imaging may be taken into consideration in patients with a severe course of disease or relevant blood test alterations (e.g., increased transaminases and/or lipases). Miller et al[3] described a paediatric population of 44 cases with MIS-C and GI symptoms, with abdominal images collected in 15 patients. Common findings were mesenteric adenitis (2 patients), biliary sludge or acalculous cholecystis (6) and ascites (6). Normal abdominal imaging was found in 20% of cases. In 3 patients, ultrasonography or magnetic resonance imaging evidenced bowel wall thickening analogous to that of inflammatory bowel disease (IBD). One child had severe clinical manifestations (fever, abdominal pain, rash) with evidence of concentric mural thickening, oedema and hyperenhancement of a short segment of terminal ileum, with similar findings in the rectosigmoid colon. Two patients had nonspecific ultrasonography imaging, with thickened bowel loops on the right iliac site associated with highly elevated inflammatory index and mildly decreased albumin levels[3].

THERAPY
Generally, COVID-19 paediatric patients require symptomatic care, both because the great majority of them has mild symptoms and also because all virus-targeted therapies are employed exclusively in clinical trial settings[30]. Supportive care included fever treatment, oxygen therapy in patients with respiratory complications with or without airway management, and nasogastric or intravenous hydration in children unable to tolerate oral fluids such as those with severe GI symptoms[30].
COVID-19 children are at higher risk of developing malnourishment during critical illness, which has been associated with increased morbidity and mortality; therefore, nutritional therapy plays a significant role in these children[12]. The European Society of Paediatric and Neonatal Intensive Care cornerstones for nutrition recommend commencing early enteral feeding within 24 h of hospital admission in critically ill children unless contraindicated. Energy requirements need not exceed resting energy expenditure during the acute phase and an increase in enteral nutrition in a stepwise fashion is recommended until the goal for delivery is achieved. Overfeeding harms critically ill children, especially during the acute phase[31].
In children with severe GI COVID-19 and MIS-C, enteral nutrition support may be continued for a long time into the recovery phase until sufficient oral intake is consistently achieved to support physical and nutritional rehabilitation[32]. Enteral nutrition is also recommended in critically ill children on hemodynamic support with a stable clinical condition; parenteral nutrition has to be withheld during the first 7 d of admission[12,31]. However, in children who continue to require fluid resuscitation or escalating doses of vasoactive agents with evidence of severe GI dysfunction and MIS-C, enteral nutrition may be withheld for up to 7 d[32].
It may be useful to consider providing enteral feeds via a post-pyloric tube in critically ill children with COVID-19 with severe GI symptoms or cardiac manifestations or inotrope resistance shock in which early gastric enteral feeding is not possible[12,32].
There is no evidence to support supra-physiological doses of micronutrients supplementation, including zinc during the acute phase[32].
Recent literature suggests the role of probiotics in manipulating the gut microbiota, as they may play a fruitful role as a therapeutic strategy for GI COVID-19 and its comorbidities. Focused clinical trials are needed to support this hypothesis[33].
Based on currently available limited data, children with comorbidities or pre-existing chronic diseases, such as IBD or liver disease, do not seem to carry a higher risk of COVID-19 infection compared to the general population (see below)[34,35].

PARTICULAR CASES
Celiac disease
Celiac disease (CeD), also known as celiac sprue or gluten-sensitive enteropathy, is a common immune-mediated inflammatory disease of the small intestine resulting from sensitivity to dietary gluten and related proteins in genetically predisposed individuals[36]. It is estimated that CeD affects approximately 0.5% to 1% of the general population[37]. CeD therapy consists in a strict gluten-free diet (GFD) to achieve complete resolution of symptoms and mucosal healing for most individuals. It also reduces the risk of long-term adverse health outcomes including intestinal lymphoma[38].
During the COVID-19 pandemic, it has been postulated that some patients with chronic GI disease may be at an increased risk of a more severe illness due to COVID-19. Potential risk factors in these patients include their chronic inflammatory disease, comorbidities (e.g., diabetes mellitus), and the use of glucocorticoids[39].
Considering that CeD subjects have an increased risk of both bacterial and viral infections, such as pneumococcal pneumonia[40], sepsis[41], and complications from influenza virus, probably due to malnutrition and increased mucosal permeability[42]. Various studies have investigated the possibility of a higher risk of SARS-CoV-2 infection in CeD patients compared to the general population.
Data on patients with chronic GI disease who have been infected by SARS-CoV-2 are accumulating, and disease-specific patient registries include Surveillance Epidemiology of Coronavirus Under Research Exclusion (SECURE-Celiac). This is an international, paediatric and adult database to monitor and report the outcomes of COVID-19 in patients with CeD. On January 17, 2021 a total number of 111 cases was reported; 4 cases < 18 years of age, nobody was hospitalised, and no death was registered (SECURE-Celiac Database, available at: https://covidceliac.org/data). Several studies evidenced that the risk of severe COVID-19 is not increased in patients with CeD both in adulthood and childhood[43-48]. A large-scale study, performed on 18000 participants from different Countries, including Argentina, Australia, Canada, Italy, Mexico, New Zealand, Spain, Uruguay, and the United States, examined the risk of COVID-19 in CeD compared with the nonceliac population. They found that patients with CeD had similar odds to contract SARS-CoV-2 infection compared to the control subjects. The presence of comorbidities, which were identified as an important predictor of morbidity and mortality associated with COVID-19, were more frequent in CeD than the control subjects. However, they did not determine higher odds for SARS-CoV-2 infection in CeD. The authors observed that the sole factor increasing the odds of a positive test was exposure to a COVID-19 contact. In this study, patients with CeD were less exposed to COVID-19 than the control subjects, probably due to a careful prevention related to their chronic condition[46]. Moreover, a cross-sectional study conducted by a paediatric celiac centre in Central Italy did not show any significant increase in SARS-CoV-2 infection prevalence among the group of children with CeD compared to the general population[48].
A relevant aspect of the COVID-19 pandemic is the impact of restrictive measures on primary health care. In this new scenario, all elective diagnostic procedures such as paediatric digestive endoscopy have been suspended and were allowed only in emergency cases[49,50].
As esophagogastroduodenoscopy is still necessary for CeD diagnosis in children with low antibodies titres and this elective procedure has been substantially shut down during the COVID-19 pandemic, many children remained undiagnosed and therefore untreated for a long time. The European Society of Paediatric Gastroenterology Hepatology and Nutrition (ESPGHAN) analysed the feasibility and accuracy of a biopsy-free approach in suspected CeD children with tissue transglutaminase-immunoglobulin A (TGA-IgA) values < 10 time upper the normal limit (ULN) during the COVID-19 outbreak. A temporary reduction of the TGA-IgA threshold seems feasible in antiendomysial antibodies (EMA) positive children with TGA-IgA between 5 and 10 ULN for a biopsy-sparing approach[51].
The global impact of the lockdown on the compliance to GFD in CeD patients was investigated in a cross-sectional survey conducted in Italy on a total of 1983 patients with CeD, 1614 (81.4%) adults and 369 (18.6%) children. The compliance to GFD was unchanged for 70% of the subjects, and even improved for 29%, in particular for those with a previous worse disease control, due to reduced opportunities for contamination and transgression and an increased use of naturally gluten-free ingredients[52].
An observational study on 71 paediatric patients with CeD examined the prevalence of functional GI disorders (FGIDs) in children during the COVID-19 lockdown. The Authors observed a reduced prevalence of FGIDs in these patients, probably due to a good quality of life and a low state of anxiety related to the positive effects of reducing stressful events, such as school, as well as to an increased parental closeness, which may have influenced the occurrence of GI symptoms and the related FGIDs. Psychosocial aspects may play a particularly important role in the genesis of the FGIDs, despite the presence of a residual low-grade chronic inflammatory process[53].

IBD
IBD, including Crohn’s disease (CD) and ulcerative colitis, are chronic pathologies of the GI system characterised by a dysregulated immune response with an over production of pro-inflammatory cytokines. To control the disease, patients require frequent treatment with corticosteroids, immunosuppressants, and/or biological drugs with the consequence of an increased risk of infections. IBDs tend to be more extensive and severe in children than in adults, with a consistently greater need for immunomodulators and biological agents to maintain remission in this population[54].
The IBD-related immunosuppressive treatment has raised concerns regarding the management and the risk of SARS-CoV-2 infection severity. On the other hand, it can be assumed that immunosuppressive medications may be associated with a decreased risk of poor COVID-19 outcomes by limiting the cytokine storm typical of severe COVID-19.
The first document on the global impact of SARS-CoV-2 infection on paediatric IBD was published in March 2020 by the Paediatric IBD Porto Group of ESPGHAN. It was a survey among 102 Paediatric IBD centres affiliated with the Porto and Interest-group of ESPGHAN, with external paediatric experts from China and South Korea invited to participate. All cases of COVID-19 in IBD paediatric patients enrolled were mild despite they were under immunosuppressive treatment. The study expert group suggested that IBD children, with or without immunosuppressive and biological therapy, do not seem to have a greater risk of severe SARS-CoV-2 infection compared to the general population. Due to this, they recommend not stopping standard IBD treatments[35].
A total of 522 IBD patients were enrolled in one of the Italian regions with greater COVID-19 incidence and were followed for a 1-mo period between February and March 2020. Fifty-nine (11%) paediatric patients (7-18-years-old) were included. In this IBD cohort, the Authors did not report any case of COVID-19 despite the fact that the enrolled patients continued to receive immunosuppressive treatments such as thiopurines or methotrexate and steroids[55].
Surveillance Epidemiology of Coronavirus Under Research Exclusion (SECURE-IBD) is an international, paediatric and adult database to monitor and report on outcomes of COVID-19 occurring in IBD patients. On January 5, a total number of 4280 cases was reported; 441 cases < 19 years of age, only 22% hospitalised, and no death evidenced[56].
Brenner et al[57] described the course of the disease of COVID-19 in a sample of 209 paediatric IBD patients (age 18 years and younger) from the 2 international databases (The SECURE-IBD and the COVID-19 database of the Paediatric IBD Porto group of ESPGHAN). They reported a hospitalisation rate of 7%; only 2 patients (1%) required mechanical ventilation, one for a MIS-C and one for a secondary infection. There were no deaths. Risk factors for hospitalisation included other comorbidities, moderate/severe IBD disease activity, and GI symptoms.
In March 2020 Paediatric IBD Porto group of ESPGHAN generated guidance points for paediatric gastroenterologists in the era of the COVID-19 pandemic. These points are mainly focus on therapy indications. There is no evidence that any of the drugs used in IBDs, including immune-modulators and biological drugs, increases the severity of COVID-19. IBD patients should stay on IBD medications prescribed before the SARS-CoV-2 pandemic[35]. Newly diagnosed patients should be treated according to the standard protocols as before the spread of the virus[5,12].
SARS-CoV-2 enters cells via the ACE-2 receptor, widely expressed in the GI tract. Its expression is upregulated during inflammation and this overexpression may therefore increase host susceptibility. There are two forms of ACE-2: full-length ACE-2 with a structural transmembrane domain, which anchors its extracellular domain to the cellular membrane, and a soluble form of ACE-2 that lacks the membrane anchor and circulates in the blood. Some authors have speculated that the soluble form may act as a competitive interceptor for SARS-CoV-2, preventing the binding of the viral particle to the surface full-length ACE-2[58]. It can explain why children with IBD have a COVID-19 course similar to healthy individuals.
By contrast, immune dysfunction in untreated IBD children may increase the risk of a severe inflammatory response to SARS-CoV-2 infection. Pro-inflammatory cytokines, TNF-α, IL-1β, and IL-6 are overproduced in IBD patients[59], and serum concentration of TNF-α and IL-6 are associated with severe COVID-19 illness[60]. Dolinger et al[61] described a case of MIS-C associated with COVID-19 in a recently diagnosed paediatric CD patient. He was treated with infliximab for both clinical entities with a successful result. The authors speculated that anti-TNF agents could play a role in the therapy of patients with active IBD and MIS-C temporally related to COVID-19.
A COVID-19 Risk Calculator is on the SECURE-IBD website and it is intended for use by physicians caring for patients with IBD to calculate the risk of hospitalisation, ICU admission, mechanical ventilation, or death in IBD patients with COVID-19. It is available at: https://covidibd.org/covid-19-risk-calculator/.
Regarding CeD, the COVID-19 pandemic determined essential healthcare changes, mainly during the lockdown period, which could alter IBD follow-up in children. These include postponed elective appointments, reduced access to diagnostic endoscopy, and difficulties in continuing infusion therapy, with potential clinical and psychological negative impact on the course of the disease.
A recent survey, conducted in the United Kingdom, outlined that more than 50% of children and young people presenting with a suspected diagnosis of IBD were diagnosed without a histological examination due to restrictions placed on endoscopy at over 90% of centres across the United Kingdom. The authors observed that “diagnosing children and young people with IBD, without a histological confirmation, is controversial and only acceptable given the special circumstances we are currently finding ourselves in”[62].
A multicentre investigation of the Italian Society of Paediatric Gastroenterology, Hepatology and Nutrition (SIGENP) analysed the impact of COVID-19 related lockdown on the levels of care offered to paediatric IBD patients all over the Italian territory[63]. In total, 2291 children affected by IBD were regularly followed by the 21 participating referral centres; a total of 6 cases of SARS-CoV-2 infections of 2291 (0.2%) patients were identified. In 5 of 6 (83.3%) cases, the clinical course of the SARS-CoV-2 infection resulted as mild, without the need for hospitalisation. The authors observed a reduction of hospitalisations for new diagnosis and endoscopic re-evaluation, while the number of hospitalisations for relapse and surgical procedure remained substantially unchanged. The number of outpatients’ visits were significantly decreased. Biologics’ infusions did not significantly vary and Italian paediatric IBD centres did not modify their therapeutic approach in the majority of cases, as recommended by the ESPGHAN guidelines.
Differently from the United Kingdom data, the multicentre Italian survey found a drop in the new diagnoses during the lockdown.
The fear of SARS-CoV-2 infection could determine the risk of inappropriate management of IBD with consequent significant impact on the health of IBD patients[35]. As the decrease of face-to-face consultations, telemedicine represents a promising opportunity. In the Italian survey, telemedicine services for children with IBD were activated in 52.3% of the participating centres.
Recently, members of the SIGENP IBD group study drafted a position paper with the aim of providing guidance for the management of paediatric IBD on the basis of the existing evidence[64].
In addition to specific recommendations regarding diagnostic procedures and therapies, the position paper provides general indications for a safer and gradual restarting of routine clinical activities after the COVID-19 peak, with particular attention also on psychological issues.

Chronic liver diseases
At present, there is no concrete evidence that the SARS-CoV-2 infection causes significant worsening in underlying chronic liver disease. Children undergoing treatment for pathologies like Wilson disease, autoimmune hepatitis, hepatitis B and C should continue their treatment protocols[5]. Elevated transaminases in COVID-19 are not a contraindication for antiviral therapy in viral chronic hepatitis, even if regular monitoring of liver function is needed[65].

Solid organ transplantation
Reports of critical disease in adults and children with cancer have raised concerns about the risk of a severe COVID-19 course in patients with immune system impairment, including recipients of solid organ transplants on long-term immune suppression[66].
Data on the COVID-19 course and outcome in children needing liver solid organ transplantation (SOT), or already transplanted, are limited. Reports by the team of the Transplantation Unit of Papa Giovanni XXIII Hospital in Bergamo (Italy) are reassuring; liver-transplanted young patients did not experience any severe respiratory infection, despite residing in one of the earliest and hardest-hit areas worldwide, where first cases likely dated long before any distancing or isolation measure[67].
Six cases of children awaiting transplantation and eight cases of paediatric transplant recipients infected by SARS-CoV-2 were reported by Doná et al[68] None of the candidates in the SOT waiting list, nor any of the SOT recipients, presented severe COVID-19.
It seems that the immunosuppressive treatment in immunocompromised children may not significantly increase the risk of severe COVID-19, as its complications are mainly driven by a well-documented pro-inflammatory state[69].
Post-liver transplant patients need particular emphasis on preventive measures, such as frequent hand washing, frequent cleaning of touched surfaces and social distancing. Generally, as the cell injury in COVID-19 disease is thought to be immune-mediated, immunosuppression and mycophenolate should not be reduced or stopped in asymptomatic post-transplant patients. In an established COVID-19, the continuation of calcineurin inhibitors targeting a lower trough levels and lowering of the dose of mycophenolate or azathioprine is recommended. Patients on high-dose steroids should have them reduced to a minimum dose based on body weight in order to prevent adrenal insufficiency. At present, there is no recommendation for any antivirals or hydroxychloroquine prophylaxis either in post-liver transplant children or those with COVID-19 associated acute liver disease[5].
The emergence of COVID-19 has had a profound impact on transplantation worldwide, both for issues regarding donors and recipients viral transmission and for healthcare resources, as the magnitude of COVID-19 cases in certain regions exceeds the available capacity of the health system[70].
Members of the European Reference Network of Paediatric Transplantation investigated the impact of the COVID-19 outbreak on paediatric transplant activity and healthcare practices in both SOT and hematopoietic stem cell transplantation: transplantation activity as well as outpatient visits were negatively affected by the COVID-19 pandemic across Europe[68]. The risk of SARS-CoV-2 transmission and the shortage of hospital bed capacity and staff might be the main determinants of this reduction. Significant extension of these limitations in healthcare resources may have severe consequences both for children on the transplant waiting list and for transplanted patients as the access to close monitoring and diagnostic testing would be significantly reduced. In this emerging public health context, there are no reasons to delay or interrupt oncological treatments or withdraw immune suppression, to postpone life-saving treatments in liver-transplanted patients, or to suspend transplant programs as an a priori preventative measure[71].

Abdominal surgery implications in paediatrics during COVID-19 pandemic
The COVID-19 pandemic determined diagnosis delay and higher complication rates among common paediatric medical conditions[72].
An example may be represented by the increased incidence of complicated appendicitis among children: no changes in patient demographics nor in the rate of appendicitis itself could explain this phenomenon. A considerable extension in the average time between the onset of symptoms and surgery was identified as the causative agent: normally, surgical intervention time is influenced by other factors such as elective activity and availability of theatre and staff. The fear of contracting SARS-CoV-2 infection leads the parents to avoid hospital access of their child at the early stages of the disease, doubling the time before the patient’s access to the Emergency Department (ED). Delayed access to ED may explain the higher prevalence of complicated appendicitis[73]. At the same time and for the same reasons, a statistically significant increased rate of appendiceal perforation during the COVID-19 pandemic was reported. In a cross-sectional study, appendiceal perforation also resulted in pelvic abscess, bowel obstruction, and sepsis[74]. Delayed presentation of children with acute appendicitis at the ED may increase the morbidity related to a common childhood condition, leading to increased complications and poor outcomes[75,76].
Although complicated courses have arisen, an Italian study noticed a reduction in the total number of acute appendicitis cases. A decrease in social contacts during the lockdown period, a reduction of respiratory and GI infections, healthy food intake due to the permanence at home and increased domestic hygiene could have played a crucial role, bringing mild appendicitis to a spontaneous resolution cases with or without domestic treatments[77,78].

CONCLUSION
This review describes the spectrum of GI manifestations in paediatric COVID-19, from signs and symptoms of disease to laboratory and imaging tests alterations. All the organs can be involved, ranging from mild to severe alterations. Pathogenesis is outlined, however further clarifications of virus-induced damages are needed. Although generally self-limited, GI signs and symptoms are closely related to complicated courses of disease: as a matter of fact, GI involvement is a diagnostic-criteria for the MIS-C. Close monitoring of infected children will permit to delineate potential predictors of severe COVID-19 evolution.
Conversely to what is expected, the COVID-19 impact on children with chronic GI diseases appears to be limited, with no need for therapeutic regimen changes. Ongoing studies may confirm these initial observations. Certainly, the SARS-CoV-2 pandemic determined multiple variations in routine practice of these patients. The use of telemedicine and telehealth can be a solution in order to continue to provide regular follow-up to chronic patients, avoiding the risk of viral transmission.
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Figure 1 Gastrointestinal involvement in coronavirus disease 2019.






[image: C:\Users\18810513029\Desktop\logo.png]

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: bpgoffice@wjgnet.com
Help Desk: https://www.f6publishing.com/helpdesk
https://www.wjgnet.com



[image: C:\Users\18810513029\Desktop\二维码.png]










© 2021 Baishideng Publishing Group Inc. All rights reserved.
[bookmark: _GoBack]
image2.png
9

JSaishideng®




image3.png




image1.png
Stomach:

- Nausea, vomiting,
Liver & Gall-bladder: anorexia
Elevation in hepatic
transaminases to acute
hepatitis
Pancreas:

Elevation in amylases and
lipases up to acute

pancreatitis.
Glucose disregulation up
to acute diabetes

Small and large bowel
Abdominal pain
Diarrhea
Gastrointestinal bleeding





