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Abstract
The current coronavirus pandemic is imposing unpreceded challenges to the practice of pediatric gastroenterology. These are highlighted in their impact on performing aerosol-generating endoscopy procedures and the need to accommodate longer room turnaround time for disinfection, ensuring appropriate and consistent safety measures for patients, staff and providers, and emphasizing the importance for screening patients for active coronavirus disease (COVID) infection before endoscopy when possible. Pediatric patients are less likely to exhibit severe COVID-related symptoms so survey-based screening would not be a sensitive measure to identify patients with active infections. To address the restrictions of patients coming for face to face clinic encounters, there has been rapid expansion of telehealth services in a very short time period with several difficulties encountered.  To survive these challenges, pediatric gastroenterology practices need to adapt and accept flexibility in clinical operations with ongoing commitment to safety for patients and healthcare workers.  
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Core Tip: This article highlights the impact of the current coronavirus pandemic on the field of pediatric gastroenterology. We present the available data on infection incidence, symptomatology and screening in children. We focus on the difficulties noted in offering endoscopy services and the accommodations needed to achieve that while maintaining safety for patients and providers. We also describe our experience with the rapid expansion of telehealth services in light of restrictions in face to face clinic visits and the challenges associated with that.  

INTRODUCTION
The world has been grappling with the consequences of the novel coronavirus, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), responsible for coronavirus disease 2019 (COVID-19) disease which started in Wuhan, China in December 2019, and quickly spread across the world.  It was obvious that there was inadequate preparation to face the pandemic challenges in most countries. The mortality rates have varied between countries with suspected risk factors including older patients’ age and preexisting conditions. Globally, total cases up to May 17, 2020, have exceeded 4.6 million, with more than 312000 deaths. Cases in the United States (USA) have surpassed 1.4 million with more than 88000 deaths reported, highlighting the huge burden on healthcare systems. Within the USA, the incidence and mortality rates have differed between states, possibly related to the wide range of approaches implemented between states addressing rules on social distancing and lock down and variable degree of investigating infection spread. Wide variability in reported cases and deaths was evident between regions across the country and between counties within the same state. Large clusters were encountered in the states of New York (Northeast), Illinois (Midwest), Louisiana (South) and Washington and California (West).
To limit the spread of the virus, hospitals and clinical practices across the USA took aggressive measures to protect patients and healthcare workers through a variety of processes including limiting patient access and canceling elective medical services.  The pandemic has had an impact on every aspect of the pediatric gastroenterology practice requiring rapid adjustments with more challenges noted in endoscopy units, where many aerosol generating procedures take place. To compensate for the restrictions in face to face clinic encounters, there was an urgent need to roll out telehealth care which was not commonly utilized in pediatric gastroenterology. A pathway for conducting safe clinic visits and endoscopy had to be considered, weighing the potential risks of postponing visits and endoscopy.
Initial reports on COVID-19 disease focused mainly on respiratory symptoms including acute respiratory failure. However later data showed that the infection can affect other systems including the gastrointestinal (GI) system[1].  This highlights the importance of considering COVID-19 infection in patients presenting with GI symptoms to general practitioners and gastroenterologists. 

COVID-19 IN CHILDREN
Incidence and general symptoms 
Initially the emphasis on COVID-19 related publications was almost exclusively in adults, but more studies are now emerging in children. In China, the first pediatric COVID-19 case was reported on January 20, 2020 with 2.2% of confirmed cases noted to be among individuals < 19 years of age[2]. In the USA, the first pediatric case was on March 2, 2020 with pediatric cases, categorized as those < 18 years of age, now accounting for 3.1% of all cases according to Centers for Disease Control and Prevention (CDC) website[3]. 
There is no evidence to suggest that children are less susceptible to this infection though they seem to have less severe symptoms[4,5]. Severe complications including acute respiratory distress syndrome and septic shock have been noted across the pediatric age range. Infants (< 1 year of age), which accounted for 15% of pediatric COVID-19 cases in USA, have had the highest proportion of severe and critical cases[6,7]. However, this age group is thought to be underrepresented.
Presenting symptoms in children have included cough, diarrhea, rhinorrhea, sore throat, vomiting, tachypnea and fatigue[8]. Overall, fever, cough, and shortness of breath occurred at a lower frequency in children (73%) as compared to adults (93%)[3]. Infants born to COVID-19 positive mothers experienced shortness of breath, cyanosis, vomiting, feeding intolerance, tachycardia and rashes. Infants experiencing late onset symptoms, several weeks after birth, have also been reported[9]. Recently reports of multisystem inflammatory syndrome, similar to Kawasaki disease, have emerged in children[10]. Presentations included persistent fever, elevated inflammatory markers and evidence for multiorgan involvement of cardiac, renal, neurologic and GI systems[11]. 

Emphasis on gastrointestinal system
The most frequent GI related signs and symptoms in children with COVID-19 infection included diarrhea (13%), nausea/vomiting (11%) and abdominal pain (6%)3. Other GI symptoms noted in adults include anorexia, anosmia and GI bleeding. Diarrhea lasted a mean duration of 4.1 d and was noted either before or after a COVID-19 diagnosis[12]. In both children and adults, GI signs and symptoms were reported less frequently when compared to respiratory symptoms but this may be an underestimation. Vomiting was noted more frequently among children compared to adults. It has been shown that the virus is detectable in stool of patients diagnosed with COVID-19, which raised concerns about the potential transmission by the oral fecal route[13,14].  In fact, fecal viral excretion persisted beyond respiratory excretion in up to 82% patients for up to 11 d[15].
The potential concern for GI involvement stems from the fact that the virus uses angiotensin-converting enzyme-2 (ACE2) for cell entry[16]. This is highly expressed in the epithelial cells of the colon, ileum and esophagus[17]. ACE2 is also highly expressed in cholangiocytes, more than hepatocytes, which may explain biliary and liver involvement reported in some studies[18,19].  Incidence of liver injury ranges from 14% to 53% in hospitalized patients. Liver injury can manifest as elevated transaminases and mildly elevated bilirubin[4]. Low albumin was found to have poor prognosis[20].  Liver specimens from one COVID-19 positive patient showed moderated microvascular steatosis with mild lobular and portal injury[21].  

Hospitalization and outcomes
Hospitalization rates of children with COVID-19 were in the range of 5.7%-20% (highest among infants) with intensive care unit admission rates in the range of 0.58%-2%[3]. Majority of hospitalized children had at least one underlying condition including asthma, cardiovascular disease or immunosuppression[3]. According to CDC website, hospitalization rates up until May 9, 2020 for the age groups 0-4 years and 5-17 years were 3 and 1.4 per 100000 respectively. A multicenter study of COVID-19 positive children admitted to pediatric intensive care units in the USA and Canada found that 38% needed invasive ventilation and the majority survived. The fatality rate was 4.2% in that cohort with 2 patient deaths (both had preexisting comorbidities)[22]. One death was also reported in an infant, attributed to gastric bleeding and shock[7].

Telehealth care 
With attempts to limit the number of patients physically coming to clinics, the need to utilize telehealth technology and enable virtual patient care became a reality. This is consistent with data from the Pediatric Gastroenterology division at the University of Iowa Children's Hospital, which is the only comprehensive children’s hospital in the State of Iowa in the Midwest, USA (Figure 1).  A 20% drop in face-to-face clinic encounters, down to 388, was noted in March 2020 as compared to March 2019.  A more drastic drop in numbers of face-to-face clinic encounters and procedures, down to 39 and 13 respectively, was seen in April 2020 (corresponding to 93% and 89% reductions respectively) as compared to the same period the prior year. Telehealth medicine had not been utilized by the division prior to the pandemic with a rapid rise in pediatric gastroenterology telehealth services, reaching a total of 472 encounters, was noted in April 2020. By end of May 2020 (data available through May 20), the projected number of face-to-face clinic encounters and procedures had started to increase but the numbers remain below those of May 2019 (Figure 2). The number of telehealth encounters in May dropped slightly but are anticipated to continue being offered long term due to conveniences offered to families living in remote locations and those with mobility/transportation difficulties. 
Several challenges were encountered in rolling out telehealth services in a short time period especially for video-based telehealth encounters. These challenges included: (1) Practice/provider access to electronic devices with microphones and cameras; (2) Practice access to telehealth platform that abides by Health Insurance Portability and Accountability Act compliance rules (maintaining patient confidently); (3) Guide and support for patients and their families to activate telehealth technology with reliably functioning video connection and proper onboarding into each encounter; and (4) Uncertainty regarding professional reimbursement for phone telehealth care and loss of facility fee reimbursement for both phone and video telehealth care.

COVID-19 IMPACT ON THE ENDOSCOPY UNIT
Endoscopy related risk
The endoscopy unit is a high-risk environment for COVID-19 transmission due to aerosolization and exposure during upper endoscopy procedures.  In addition, due to concerns about detectable virus in GI secretions, both upper endoscopy and colonoscopy can exacerbate the risk of transmission.  This can result in contamination of surfaces throughout the procedure room, which requires appropriate disinfection.  This impacts procedural room turnover and patient flow through the endoscopy unit.

Procedure prioritization
In the COVID-19 containment stage, several GI societies published guidelines suggested focusing on urgent and emergent endoscopy cases while postponing elective cases[18]. In children, endoscopic procedure indications that fit that category include GI bleeding, foreign body ingestion, biliary pancreatitis and obstructive jaundice.
If endoscopy is needed on a suspected or confirmed COVID positive patient, the procedure should be done in a dedicated negative pressure room.  Staff should wear proper personal protective equipment (PPE) for airborne, droplets, and contact precautions including N95 masks and water resistance gowns[23,24].  Proper hand hygiene should be practiced, and monitoring protocols should be in place.  

Patient screening
Screening by phone for respiratory and GI symptoms associated with COVID-19 infection should be utilized before endoscopic procedures; however, these are not likely to be sensitive enough in children due to lower frequency of reported symptoms.  This poses a significant limitation if screening is solely based on reported symptoms.  This highlights the need to test all pediatric patients to determine COVID-19 status before endoscopy when possible. There is no data currently to guide stratifying screening by age (infants, vs toddlers vs older children). Screening can potentially occur the day before the endoscopy for non-emergent cases either in local settings or drive-through testing services.  If screening is happening on site just before the procedure, the reception area should include screening area before the patient enters the waiting room.
A determination about whether the procedure can be postponed should be undertaken for patients who test positive.  It is expected that some positive cases will still require endoscopy and those should be performed with adequate preparation to limit risk for healthcare providers and other patients utilizing the same endoscopy unit. 

Processes to minimize risk
Endoscopy unit setup: Some authors proposed creating three zones and two passages in addition to having negative pressure operating room (OR) and endoscopy suites to decrease contamination risk[25]. Use of negative pressure rooms can serve towards the containment of airborne contaminants within the room. Duct systems within endoscopy suites may be reworked to accommodate special air pressure needs in consultation with hospital epidemiology and engineering services.
For suspected or known COVID-19 positive patients, the number of healthcare providers participating in the procedure should be limited to those absolutely necessary.  This should include anesthesiology staffs that are frequently utilized in pediatric endoscopy. This will likely limit the presence of trainees and nonessential endoscopy assistants[26-28]. The number of accompanying family members or legal guardians should be minimized whenever possible and, and visitation should not be allowed at this time[29,30].   A dedicated recovery room for COVID-19 patients recovering from endoscopy should be available.

Proper personal protective equipment use: Measures to minimize the transmission risk should be applied including adequate PPE access and use with appropriate don and duff practice[23,26]. Hospitals should take every effort to make sure proper PPE supplies are available for healthcare workers involved in endoscopy procedures[29]. Processes can be implemented to decontaminate and reuse certain PPE (such as N95 masks) to maintain adequate supplies. All staff should go through training and proper education on how to don and doff PPE in designated areas within the endoscopy unit. Respirator fit testing should be in place according to institutional policies[31].

Cleaning and room turnover: Adequate time for endoscopy room cleaning and disinfecting will be needed for each case suspected or known to be COVID positive so slower room turnover is anticipated. The procedure room should be cleaned right after every case, and that process should include all surfaces including endoscopy tower, trays, bed rails, tables, chairs, computers, phones, and the floor. Alcohol-based or chlorine-based solutions with proven efficacy should be used for cleaning[32]. Disinfection of endoscopes with the current disinfection protocols seems to be adequate based on findings from a study after Middle East respiratory syndrome coronavirus (MERS-CoV) and other SARS-CoV-1 outbreak[33,34]. Training should take place to ensure that the staffs adhere with appropriate disinfection protocols.

Resumption of elective endoscopy procedures: As the rates of new COVID-19 diagnosis plateau, healthcare facilities will expand access to services including elective endoscopy. Accommodating more patients in the endoscopy suites should be done in a thoughtful and safe manner for both patients and healthcare workers. Steps to follow should include:

Patient related: (1) Patients should be evaluated for active COVID-19 infection by PCR-based testing within 48 h of endoscopy (similar to current process with increased testing capability); (2) Patients who cannot undergo PCR-based testing prior to endoscopy, should be treated as presumed positive with proper safety precautions and post procedure disinfection; and (3) Parents or legal guardians who plan to accompany patients on the day of endoscopy should be screened for COVID-19 symptoms (if positive screen noted, they should not attend and be referred to their primary provider for testing). 

Endoscopy unit related: (1) Endoscopy suite employees should be screened daily for COVID-19 signs and symptoms including fever and respiratory symptoms; (2) Endoscopy suite employees, patients and accompanying parents or legal guardians should wear masks; (3) Limit number of accompanying parents or legal guardians to a minimum (preferably one per patient); (4) Space out chairs in the waiting room area; (5) Space out beds in endoscopy unit preparation and recovery areas; (6) Space out workstations for employees; and (7) Avoid routine endotracheal intubation when possible.

CONCLUSION
We are still learning about this virus and how it affects patients especially in children. Dealing with the pandemic’s challenges and uncertainties has led to changes in how we practice medicine in the containment phase with more challenges excepted as healthcare services reopen to accommodate more patients. Medical practitioners, and healthcare industries, need to adjust the way they run their business especially with the expectation that dealing with this infection will be long term at least until an effective vaccine is available.  Flexibility in clinical operations, such as expanding beyond routine work hours, should be considered to address the backlog of patients. To address the financial downfall, some practices may need to consider staff furloughs and layoffs. In the short term, gastroenterology practices (both adult and pediatric) should apply and benefit from financial relief available in some countries such as the Coronavirus Aid, Relief and Economic Security (CARES) Act in the US that includes support for hospitals and physician practices.  Telehealth services are likely here to stay due to the many benefits they offer but this may be hindered by reimbursement restrictions that maybe imposed in the future. We are ultimately responsible to ensure the safety of our patients and staff as well the financial survival of our practices. 
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Figure Legends


Figure 1 Impact of coronavirus disease 2019 pandemic on actual number of pediatric gastroenterology encounters. Drastic reductions in procedures (black) and face-to-face clinic encounters (red) and with surge in telehealth encounters (green and blue) noted in April 2020.


Figure 2 Percent changes in pediatric gastroenterology procedures and face-to-face encounters due to the coronavirus disease 2019 pandemic as compared to same period the prior year.
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