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KEY POINTS

� Coronavirus disease 2019 and multisystem inflammatory syndrome in children and ado-
lescents can present with gastrointestinal symptoms and liver injury.

� Special populations of children and adolescents with chronic liver disease or immune sup-
pression may be at greater risk of coronavirus disease 2019 or have attenuated responses
to vaccination.

� Pediatric gastroenterologists have faced challenges of fewer patient care visits, delays in
presentation of gastrointestinal illnesses, curtailed endoscopy, the adoption of telehealth,
and fewer opportunities for clinical and research training.
INTRODUCTION

The novel coronavirus, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2), which is responsible for the coronavirus disease 2019 (COVID-19), was first recog-
nized in Wuhan, China, in December 2019 and rapidly spread. Globally, there have
been more than 127 million cases with 2.8 million deaths; the United States has
contributed more than 30 million cases and 500,000 deaths as of April 2021. The
impact of this disease cannot be understated, with far-reaching changes in the world
and medicine. Our goal is to provide a review tailored to the pediatric gastroenterolo-
gist that focuses on caring for patients with COVID-19, preventing the disease in pa-
tients with chronic gastrointestinal (GI) and liver disorders, and adapting to the
associated widespread changes to clinical practice and training.
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EPIDEMIOLOGY

In children and adolescents, COVID-19 generally presents similar to a viral upper res-
piratory infection with the most common presenting symptoms being cough (48.5%),
pharyngeal erythema (46.2%), fever (41.5%), diarrhea (8.8%), fatigue (7.6%), rhinor-
rhea (7.6%), and vomiting (6.4%).1 When symptomatic, pediatric patients are more
likely to have mild disease (53%) that can be managed in the outpatient setting.2 A
meta-analysis by Viner and colleagues3 showed that children have a significantly
lower susceptibility to COVID-19 infection with an odds ratio of 0.56 compared with
adults. Saleh and colleagues4 specifically investigated hospitalized children with
COVID-19 and found that the most common presentations were fever (95%), head-
ache (60.3%), fatigue (57.8%), and shock (21.8%). Acute pancreatitis (1.5%) was
the most common atypical presentation of COVID-19 in this study.4 Common labora-
tory abnormalities in hospitalized patients with COVID-19 include leukopenia, lympho-
penia, elevated inflammatory markers, and abnormal liver tests.4–6 Mortality rates
remain low in children with 0.17 per 100,000 or 0.48% of the estimated total mortality
from all causes in a normal year.7 Older children have a higher mortality rate than
young children; however, the rate is still low compared with adults.7

PATHOPHYSIOLOGY

SARS-CoV-2 is a positive-sense single-stranded RNA virus.8 It enters target cells via
interaction between the viral spike protein and angiotensin-converting enzyme 2
(ACE-2) receptors. Injury is likely due to direct cytotoxic effect of the virus, dysregula-
tion of the renin–angiotensin–aldosterone system, cell endothelial damage, throm-
boinflammation, and a dysregulated immune response (Fig. 1).9

GI injury ismultifactorial. There is ahighprevalenceofACE-2 receptors in enterocytes
with known viral replication in the GI tract given the presence of live virus in patient
Fig. 1. SARS-CoV-2 enters host cells through interaction of its spike protein with the entry
receptor ACE2 in the presence of TMPRSS2 (far left). Proposed mechanisms for COVID-19
caused by infection with SARS-CoV-2 include (1) direct virus-mediated cell damage; (2) dys-
regulation of the renin–angiotensin–aldosterone system (RAAS) as a consequence of down-
regulation of ACE2 related to viral entry, which leads to decreased cleavage of angiotensin I
and angiotensin II; (3) endothelial cell damage and thromboinflammation; and (4) dysregu-
lation of the immune response and hyperinflammation caused by inhibition of interferon
signaling by the virus, T-cell lymphodepletion, and the production of proinflammatory cyto-
kines, particularly IL-6 and tumor necrosis factor (TNF)-a. (From Gupta A, Madhavan MV,
et al. Extrapulmonary Manifestations of COVID-19. Nat Med. 2020; 26: 1017-2032, with
permission.)
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stool.9,10 There is also diffuse microvascular small bowel injury and inflammation-
mediated tissue damage of the stomach, duodenum, and rectum.9 Hepatobiliary injury
is alsomultifactorial andmay be due to ACE-2–mediated entry of SARS-CoV-2 directly
into cholangiocytes damaging the biliary ducts.9,11 Although some series reported that
up to 37%of patients had abnormal liver tests,12 a pooled datameta-analysis indicated
no greater risk of abnormal transaminases or total bilirubin.13 Drug-induced hepatic
injury related to COVID-19 treatment is also possible. Some early reports of remdesivir
treatment for COVID-19 included increased transaminases and bilirubin,14 but a meta-
analysis of multiple reports15 and studies in the pediatric16 and transplant popula-
tions17,18 found no increased risk of liver injury. Pancreatic injury is also multifactorial
and hypothetically due to cytotoxicity of the virus via ACE-2 receptors in the pancreas,
drug-induced injury, and damage secondary to the cytokine storm caused by immune
dysregulation in severe infections.19 Of note, pancreas injury secondary to SARS-CoV-
2 is controversial, although the pathophysiology is plausible.19–21
COMPLICATIONS

Although the risk of serious illness is highest in the elderly, children are not exempt
from serious illness. A later consequence of COVID-19 infection is multisystem inflam-
matory syndrome in children (MIS-C). The Centers for Disease Control and Prevention
diagnostic criteria for MIS-C are fever greater than 38 �C for at least 24 hours or sub-
jective fever of at least 24 hours, laboratory evidence of inflammation (elevated
C-reactive protein, erythrocyte sedimentation rate, ferritin, etc), a minimum of 2 organ
systems involved, and recent or current SARS-CoV-2 infection or exposure.22 This
syndrome typically occurs 2 to 4 weeks after COVID-19 infection and rapid deteriora-
tion is common.23 Treatment is currently focused on decreasing this dysregulated in-
flammatory response and cytokine storm with intravenous immune globulin, and
steroids, as well as other biologic agents if needed.24

Of particular interest to the pediatric gastroenterologist is the high prevalence of GI
manifestations, which is the most common organ system involved.23 The most com-
mon GI manifestations are abdominal pain, diarrhea, and nausea and vomiting.25

These symptoms are secondary to inflammation along the GI tract, with the ileum
and colon most commonly effected.25 In severe cases there can be bowel wall thick-
ening, causing luminal narrowing and obstruction. Fortunately, most children will have
resolution of their manifestations with appropriate medical management; however,
rarely patients have required surgical resection.25 Interestingly, when patients with se-
vere abdominal pain underwent computed tomography imaging, approximately 85%
showed inflammatory bowel changes including marked terminal ileitis, inflammation of
the cecum, and mesenteric fat stranding.25 Mucosal hyperenhancement, fibrosteno-
sis, and penetrating lesions were not seen. On histopathologic assessment of the sur-
gically removed tissue, there was noted to be marked transmural lymphocytic
inflammation, venous microthrombi, arteritis, and necrotizing lymphadenitis, which
was distinct from chronic inflammatory bowel disease (IBD).25

Acute hepatitis and pancreatitis have also been linked to MIS-C. Previous studies in
adults have shown that as many as 43% of patients with MIS-C have hepatitis during
the course of their illness.26 Patients with hepatitis were noted to have more severe
disease with higher inflammatory cytokine levels, longer hospitalizations, and
increased respiratory support.26 Although long-term data are not available currently,
more than 50% of patients had persistent aspartate aminotransferase and alanine
aminotransferase elevation at 1-month follow-up visits.26 There is less literature on
pancreatitis during MIS-C; however, adult studies have reported a 3% prevalence.23
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DISCUSSION
Special Populations

Inflammatory bowel disease
Patients with IBD who are on immunosuppressive medication are at greater risk for in-
fections. Comorbidities are a risk factor for severe COVID-19 infection, so there is
particular concern for worse outcomes in pediatric patients with IBD. Fortunately, cur-
rent pediatric data are encouraging, showing that COVID-19 is well-tolerated in this
population.27 Large tertiary care centers in the United States, China and, Italy have re-
ported low rates of COVID-19 infection in pediatric patients with IBD and when symp-
tomatic the vast majority of cases have been mild.27,28 There is also no difference in
severity of COVID-19 infection between patients with Crohn’s disease, ulcerative co-
litis, or unspecified IBD.27,28

Mesalamine and chronic steroids confer an increased risk of COVID-19 infection,
with steroids conferring the highest risk.29–31 Other risk factors associated with
COVID-19 incidence and severity in a mixed population of adults and children were
older age, male sex, and comorbidities such as cardiovascular disease and dia-
betes.31 Immunomodulators and biologic medications including infliximab and vedo-
lizumab for IBD do not confer an increased risk of COVID-19 infection or increased
severity when contracted.31,32 The most common complication recognized in patients
with IBD was not related to COVID-19 specifically, but rather delays in therapy or
follow-up owing to changes in hospital policies or parental concerns.28 Patients
should receive their regularly scheduled infusions during the pandemic, because a
delay increases the risk for exacerbation of the underlying disease.28 Interestingly, bi-
ologics may be protective against severe COVID-19 infection and many immunomod-
ulators are currently under investigation as possible treatments for the aberrant
inflammatory response caused by COVID-19.27

One of the most pressing issues for pediatric gastroenterologist is whether they
should be recommending the COVID-19 vaccine to their patients with IBD. Multiple
vaccines have been approved and have shown excellent efficacy and safety in the
general population.33,34 A recent study by Kennedy and colleagues35 investigated
the COVID-19 vaccine in patients with IBD treated with infliximab and found that,
similar to other vaccines, infliximab is associated with an attenuated immune
response; however, most patients will still have seroconversion after a second dose
of the vaccine. The International Organization for the Study of Inflammatory Bowel Dis-
ease has recommended providers give the COVID-19 vaccination to patients with IBD
because the benefits of COVID-19 prevention outweigh the risks of the vaccine.36

Chronic liver disease
Overall, chronic liver disease from any cause is likely a risk factor for severe COVID-19
infection, although the literature in pediatrics is mixed. The adult data support chronic
liver disease as a risk factor; Singh and colleagues37 report an increased relative risk of
mortality as compared with propensity-matched patients. Kehar and colleagues38

examined pediatric chronic liver disease in comparison with liver transplant recipients.
Their reported data are similar to adults, with higher admission rates, pediatric inten-
sive care management, mechanical ventilation, and death in patients with chronic liver
disease as compared with liver transplant recipients. An observational cohort study by
Di Giorgio and colleagues39 contradicted this result. Their data showed no difference
in the severity of COVID-19 in patients with liver disease; however, they did show a
higher observed incidence of infection than the estimated incidence in the population.
Of note, their study reported 12% of their population as symptomatic for COVID-19
based on exposures; however, only 0.5% of patients had a confirmed case via testing,



COVID-19 and Pediatric Gastroenterology 1161
causing these data to be difficult to interpret. Regardless of the potential increased
risk, treating patients with preexisting liver disease is further complicated by the hep-
atotoxicity of many of the medications used to treat COVID-19.9,11 The adult data sup-
port cirrhosis as a risk factor for severe disease; however, again, the data in pediatrics
are unclear.38,39 When investigating autoimmune hepatitis as compared with other
etiologies of liver disease, there was no difference in rate of severe disease.40 Similar
to IBD, immunosuppression with biologic agents was not a risk factor for severe dis-
ease secondary to COVID-19 for patients with autoimmune hepatitis.40

Metabolic-associated fatty liver disease
Similar to other chronic liver diseases, metabolic-associated fatty liver disease
(MAFLD), formerly known as nonalcoholic fatty liver disease, has been shown to
have higher risk of disease progression and longer viral shedding as compared with
patients without MAFLD, although specific pediatric data are lacking.41 Obesity, dia-
betes, and hypertension are all prominent risk factors for severe COVID-19 infection
and are common comorbidities in patients with MAFLD.11 Patients with MAFLD
may have more severe COVID-19 infections owing to inflammation-suppressing M2
macrophages activation rather than M1 macrophages; however, this correlation is hy-
pothetical.11 Pediatric gastroenterologists should be prepared to see a to higher prev-
alence and worsening severity of MAFLD because the COVID-19 pandemic has
caused a significant decrease in activity for many children that could worsen patients’
obesity.42 It is vital for pediatric gastroenterologist to help families identify safe effec-
tive ways to increase physical activity to help delay and potentially reverse the pro-
gression of MAFLD.

Liver transplantation
The risk of infection with SARS-CoV-2 in liver transplant recipients is unclear.11,38 The
literature is limited, and results are mixed. Large adult registry data around the world
have shown no increased incidence of infection, but higher mortality rates.11 Colme-
nero and colleagues43 reported the opposite of this finding in their prospective cohort
study with a higher incidence of COVID-19 infections, but a lower mortality rate as
compared with matched members of the general population. Two case reports of
COVID-19 and MIS-C in pediatric liver transplant recipients had poor outcomes44,45;
however, the observational cohort study by Kehar and colleagues38 specifically
assessing pediatric liver transplant recipients showed improved outcomes as
compared with patients with chronic liver disease. Consistent with data in other dis-
eases, immunosuppression has not been shown to be a risk factor for increased
severity of COVID-19 infection.11,43 There has been a decrease in all solid organ trans-
plants since the start of the COVID-19 pandemic.46

Early research into the COVID-19 vaccine for solid organ transplant recipients is
encouraging. Multiple studies have shown that the vaccine is safe and effective,
although the immune response is attenuated as compared with the general popula-
tion.47–49 The COVID-19 vaccine is recommended for solid organ transplant recipi-
ents, pretransplant patients, and all close contacts of solid organ transplant
recipients by numerous societies, including the International Liver Transplantation
society.50–52
IMPACT ON CLINICAL PRACTICE
Fewer Patient Visits

When the pandemic was identified and advice to decrease in-person visits to health
care facilities and postpone elective surgical procedures, it had a large impact on
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pediatric gastroenterology practices. Outpatient visits decreased,8,53 and most endo-
scopic procedures came to a halt.54 Pediatric gastroenterologists considered the risk
of transmission of SARS-CoV-2 to patients, staff, and themselves; the risk of delayed
diagnosis for new patients; the jeopardized health of children with chronic disease
owing to delays in follow-up care; medication or dietary adherence; fewer clinical op-
portunities for trainees; and the financial impact of fewer visits and endoscopies. Con-
cerns about delays in diagnosis were realized in reports of severe illness and deaths
owing to diabetic ketoacidosis, pyloric stenosis, sepsis, and cancer in children pre-
senting to the hospital after delays attributed to fear of COVID-19 and decreased ac-
cess to care.55,56 Delays in presentation were suspected to contribute to an increase
the rate of complicated appendicitis in more than 1 series.56–59 A study of a large sam-
ple of emergency departments in the United States revealed a decrease in pediatric
visits by up to 72%, compared with the same week 1 year prior.60 Comparing the
same 3-month period, March to June, there was a 22% decrease in visits for serious
conditions, including appendicitis and intussusception, and a 62% decrease in visits
for abdominal pain.60 Patients were not visiting the gastroenterology clinic either; the
largest pediatric GI practice in Iowa saw 20% and 90% decreases in face-to-face en-
counters in March and April 2020, respectively, compared with 2019.53 That report
and others highlighted the pivot to telehealth to see patients.53,61,62

Telehealth

Telehealth use increased in response to the pandemic,63 facilitated by the relaxation of
some regulatory requirements and affirmations of reimbursement by public and pri-
vate payers.64 Pediatric gastroenterology practices used existing and new technology
via electronic health records and mobile and computer teleconferencing applications.
A timely publication offered guidance specifically to pediatric gastroenterologists
adopting telehealth.62 A few centers have reported successful experiences using tele-
health, including adapting multidisciplinary subspecialized disease based clinics,65

and an approach to triaging referrals as e-consults, telehealth, or in-person visits.66

Several studies have demonstrated the usefulness of telehealth for pediatric primary
and subspecialty care,67,68 but inequities in use and technology have been seen
and merit addressing.69,70

The future of telehealth beyond the pandemic is bright, but some uncertainty re-
mains. According to a survey of large employers, 53% of employers plan to implement
more virtual care solutions for their health plans.71 The increased access to coverage
for telehealth for Medicare beneficiaries has depended on a temporary waiver during
the public health emergency and will continue through the end of the calendar year of
the end of the public health emergency. Medicaid rules can vary by state, but some
have continued coverage beyond the initial emergency period.72 Some expanded tel-
ehealth services for rural communities were made permanent in the Centers for Medi-
care and Medicaid Services Physician Fee Schedule final rule released in December
2020.73 Although the pandemic helped to demonstrate the usefulness and feasibility
of telehealth, the permanent and widespread adoption of expanded coverage for tele-
health services is complex and faces several hurdles.74

Endoscopy

Several considerations related to the risk of transmission or patient complications
owing to SARS-CoV-2 infection led to massive disruption of pediatric GI endoscopy.
With the stay-at-home orders that were enacted in the spring of 2020, all but urgent
and emergent endoscopies came to a halt. Recognizing that endoscopy can aero-
solize patients’ mucosal secretions, and because SARS-CoV-2 is frequently present
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in the stool of infected patients, upper endoscopies and colonoscopies carried a
possibly higher risk of transmission of virus. Early guidance for weighing risks and ben-
efits of performing a procedure, the implementation of screening and testing patients
for SARS-CoV-2 infection, and the effective use of personal protective equipment
came from the North American Society for Pediatric Gastroenterology, Hepatology
and Nutrition.54 This initial guidance aligned with American Gastroenterological Asso-
ciation recommendations in recommending N95 masks rather than standard surgical
masks and using negative pressure rooms, in part based on concerns that children
with SARS-CoV-2 infection may not have symptoms, testing may not be available
or perfectly sensitive to detect infection, and the virus can be shed in stool beyond
the period it is found in the nasopharynx. Subsequently, Hsu and colleagues,75 pro-
posed an alternative perspective reporting institutional practice of universal preproce-
dure polymerase chain reaction–based testing, to allow standard personal protective
equipment, including surgical masks, for patients who test negative. A report from an
endoscopy unit in Wuhan, China, described experience performing 159 endoscopies,
including 17 in patients previously infected or thought to be carriers of the virus, and no
cases of transmission were identified.76 A more recent set of recommendations from
the American Gastroenterological Association suggests using a preprocedure testing
based on estimated local prevalence of asymptomatic infection.77 To date, we found
no reports of transmission of virus to health care workers attributed to an endoscopic
procedure.
With the decrease in endoscopic procedures, outpatient visits, and hospital admis-

sions, the opportunities for the typical clinical training of fellows were diminished dur-
ing the first several months of the pandemic.61,78 A survey of program directors
revealed that endoscopy and typical outpatient clinical experiences were drastically
decreased, but fellows were included with the rapid adoption of telehealth for outpa-
tient visits.61 Fellows’ research activities were curtailed owing to a lack of access to
Table 1
Special population considerations and recommendations

IBD There is no apparent increased risk of COVID-19 infection owing
to IBD, but oral corticosteroids do increase the risk of severe
COVID-19.

There is no difference in disease severity between ulcerative
colitis, Crohn’s disease, or unspecified IBD.

Immunosuppression is safe and regimens should not be changed
prophylactically, except to minimize steroid use.

COVID-19 vaccine is strongly recommended for patients with IBD.

Chronic liver
disease

There is significantly increased risk of COVID-19 infection,
particularly in patients with MAFLD.

The treatment of COVID-19 infection is complicated by the
hepatotoxic effects of medications.

The incidence of MAFLD likely increased during the pandemic
owing to decreased exercise.

Liver transplant There is an increased risk of COVID-19 infection, however it is less
than patients with chronic liver disease.

Immunosuppression is safe and regimens should not be changed
prophylactically, except to minimize steroid use.

Vaccination is recommended for recipients, candidates, and close
contacts.
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research subjects and to the laboratory. Indeed, many fellows altered their research
methodology or refocused on an alternative project. When fellows were surveyed,
large proportions reported subjective negative impact on clinical (52%), research
(46%), and procedural confidence (41%).78 A small but important proportion of fellows
graduating in the summer of 2020 reported that their postfellowship employment con-
tracts were altered or rescinded owing to hiring freezes attributed to the pandemic.
Fellows in their first and second years of 3-year fellowships reported high levels of
concern in finding a job after graduation.

SUMMARY

Pediatric gastroenterologists took on a variety of challenges during the COVID-19
pandemic, including learning about a new disease and how to recognize and manage
it, prevent its spread among their patients and health professions colleagues, and
make decisions about managing patients with chronic GI and liver problems consid-
ering the threat (Table 1). They adapted their practice to accommodate drastically
reduced in-person visits, adopting telehealth, and instituting new protocols to perform
endoscopies safely. The workforce pipeline was also affected by the pandemic
because of its impact on trainee education, clinical experience, research, and job
searches.

FUTURE DIRECTIONS

Driven by vaccinations against COVID-19, the rate of infections in the United States is
decreasing,79 and public health measures such as mask mandates and restrictions on
public gatherings are being lifted. As patients have returned to clinics, hospitals have
filled again and procedures have resumed, pediatric gastroenterologists will consider
ways to integrate telehealth into future practice, address questions about vaccinating
and possibly revaccinating patients and continue to consider COVID-19 as a potential
cause of GI illness.

CLINICS CARE POINTS
� COVID-19 infection andMIS-C often have GI manifestations that can be severe and the initial
presenting symptoms.

� Patients requiring immunosuppression should not have their regimens altered
prophylactically, except to minimize chronic steroid use, because the risk of underlying
disease exacerbation greatly outweighs COVID-19 infection risk.

� The COVID-19 vaccination should be given to all patients; however, those with chronic
disease and immunosuppression are likely to have an attenuated immune response.

� Office visits and procedures significantly decreased during the pandemic and are slowly
returning to normal volumes.

� Telehealth greatly expanded over the last year and is likely to continue to be a popular visit
option for patients.

� Typical training experiences were decreased for fellows with lower patient volumes,
procedures, and research opportunities during the start of the pandemic.

DISCLOSURE

The authors have nothing to disclose.



COVID-19 and Pediatric Gastroenterology 1165
REFERENCES

1. Lu X, Zhang L, Du H, et al. SARS-CoV-2 infection in children. N Engl J Med 2020;
382(17):1663–5.

2. Dong Y, Mo X, Hu Y, et al. Epidemiology of COVID-19 among children in China.
Pediatrics 2020;145(6):e20200702.

3. Viner RM, Mytton OT, Bonell C, et al. Susceptibility to SARS-CoV-2 infection
among children and adolescents compared with adults: a systematic review
and meta-analysis. JAMA Pediatr 2021;175(2):143–56.

4. Saleh NY, Aboelghar HM, Salem SS, et al. The severity and atypical presentations
of COVID-19 infection in pediatrics. BMC Pediatr 2021;21(1):144.

5. Cai Q, Huang D, Yu H, et al. COVID-19: abnormal liver function tests. J Hepatol
2020;73(3):566–74.

6. Qi X, Liu C, Jiang Z, et al. Multicenter analysis of clinical characteristics and out-
comes in patients with COVID-19 who develop liver injury. J Hepatol 2020;73(2):
455–8.

7. Bhopal SS, Bagaria J, Olabi B, et al. Children and young people remain at low
risk of COVID-19 mortality. Lancet Child Adolesc Health 2021;5(5):e12–3.

8. Murray KF, Gold BD, Shamir R, et al. Coronavirus disease 2019 and the pediatric
gastroenterologist. J Pediatr Gastroenterol Nutr 2020;70(6):720–6.

9. Gupta A, Madhavan MV, Sehgal K, et al. Extrapulmonary manifestations of
COVID-19. Nat Med 2020;26(7):1017–32.

10. Santos VS, Gurgel RQ, Cuevas LE, et al. Prolonged fecal shedding of SARS-CoV-
2 in pediatric patients: a quantitative evidence synthesis. J Pediatr Gastroenterol
Nutr 2020;71(2):150–2.

11. Mohammed A, Paranji N, Chen PH, et al. COVID-19 in chronic liver disease and
liver transplantation: a clinical review. J Clin Gastroenterol 2021;55(3):187–94.

12. Fan Z, Chen L, Li J, et al. Clinical features of COVID-19-related liver functional ab-
normality. Clin Gastroenterol Hepatol 2020;18(7):1561–6.

13. Bzeizi K, Abdulla M, Mohammed N, et al. Effect of COVID-19 on liver abnormal-
ities: a systematic review and meta-analysis. Sci Rep 2021;11(1):10599.

14. Spinner CD, Gottlieb RL, Criner GJ, et al. Effect of remdesivir vs standard care on
clinical status at 11 days in patients with moderate COVID-19: a randomized clin-
ical trial. JAMA 2020;324(11):1048–57.

15. Tasavon Gholamhoseini M, Yazdi-Feyzabadi V, Goudarzi R, et al. Safety and ef-
ficacy of remdesivir for the treatment of COVID-19: a systematic review and
meta-analysis. J Pharm Pharm Sci 2021;24:237–45.
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