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Abstract

Background Transaminase and creatinine elevations have been well described in adults treated with remdesivir

for COVID-19. It is hypothesized that a similar safety profile exists in children with COVID-19 treated with remdesivir,
but available data are limited, especially in children < 12 months. The primary aim of this study was to determine the
prevalence and timing of elevations in transaminases and creatinine in children with COVID-19 who were treated with
remdesivir.

Methods This was a retrospective, observational cohort study including all pediatric patients admitted to a single,
freestanding children’s hospital who were positive for COVID-19 and received at least 1 dose of remdesivir between
1/1/2020 and 5/31/2022. Available baseline and peak transaminase and creatinine concentrations were evaluated.

Multivariable logistic regression analysis was performed to identify risk factors for transaminase elevation.

Results A total of 180 patients met inclusion criteria. Creatinine elevation of any grade was noted in 16% and
remained elevated only in those with underlying chronic kidney disease. Transaminase elevation of any grade was
noted in 58% of patients and remained elevated in only 1%. Older age and critical respiratory disease were associated
with higher risk of significant transaminase elevation, whereas non-Hispanic ethnicity was strongly associated with
protection against significant transaminase elevation.

Conclusions In our cohort of hospitalized children with COVID-19 who were treated with remdesivir, most patients
experienced only mild transaminitis and normal creatinine concentrations. A limited number of patients experienced
laboratory abnormalities which were transient, suggesting a favorable safety profile for remdesivir use in pediatrics.
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Background

Coronavirus Disease 2019 (COVID-19), the illness
caused by the novel severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), was first identified in
December 2019, swiftly progressing to a global pan-
demic. Since the onset of the pandemic, over 15 mil-
lion children have tested positive for COVID-19 in the
United States [1]. While most children are asymptomatic
or experience only mild symptoms, more severe disease
and hospitalization can occur, especially in children with
comorbidities [2, 3]. The anti-viral, remdesivir, acts by
inhibiting the SARS-CoV-2 viral RNA polymerase and
remains the primary therapeutic option for COVID-19
in children. In May 2020, the Food and Drug Adminis-
tration (FDA) issued an Emergency Use Authorization
(EUA) for the use of remdesivir in adult and pediatric
patients >12-years-old and >40-kilograms (kg), which
was later expanded to young children; its use was for-
mally approved in October 2020. It was not until April
2022 that the FDA approved use of the anti-viral in pedi-
atric patients>28-days-old and weighing at least 3-kg.
Studies demonstrated that remdesivir use decreased time
to recovery in hospitalized adults [4] and decreased risk
of hospitalization and death in adults with COVID-19
treated as outpatients [5]. The most common side effects
reported in adults were elevations in aspartate transami-
nase (AST) and alanine transaminase (ALT) [6, 7]. How-
ever, there remains limited safety data for remdesivir in
pediatric patients. One multicenter study of 77 pediatric
patients with severe COVID-19 and treated with remde-
sivir demonstrated increased transaminases as a common
side effect with AST elevated in 55% and ALT elevated
in 48% of the study population [8]. In contrast, another
single center study of 48 pediatric patients demonstrated
no hepatic or renal toxicity [9]. Preliminary data from the
phase 2/3 multicenter trial of remdesivir use in pediatric
patients 28-days to 18-years-old demonstrated elevated
ALT in only 4 of the 53 patients enrolled [10, 11]. As
remdesivir moved from EUA to FDA-approved, and with
increased use since the start of the pandemic [12], under-
standing its side effects is imperative. This study aimed
to determine the prevalence and timing of elevations in
transaminases and creatinine in pediatric patients with
COVID-19 who were treated with remdesivir, includ-
ing patients aged <12 months, to improve treatment and
monitoring recommendations.

Methods

This retrospective observational cohort study was con-
ducted at a large, 298-bed, freestanding children’s hos-
pital in the upper Midwest. The electronic health record
(EHR; Epic systems, Verona, WI, USA) was queried for
pediatric patients hospitalized between January 1, 2020,
and May 31, 2022, with diagnosis codes consistent with
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SARS-CoV-2 infection. All patients who received at
least one dose of remdesivir during their hospital stay
were included. Data was collected by retrospective chart
review and stored using Research Electronic Data Cap-
ture (REDCap), a secure, web-based software platform
for data capture [13]. The dataset generated and analyzed
during the current study is not publicly available as it
contains protected health information, but the de-identi-
fied dataset is available from the corresponding author on
reasonable request. The study was reviewed by the Chil-
dren’s Wisconsin Human Research Protection Program
Institutional Review Board. As it is a retrospective obser-
vational cohort study, it was determined to not be human
subject’s research and the review board waived the need
for consent. Clinical trial number: not applicable.

Data collected and definitions

Variables collected through chart review included sex,
race, ethnicity, age at time of admission, duration of rem-
desivir therapy, respiratory disease severity at remdesi-
vir initiation, presence of underlying high risk medical
conditions, and baseline and peak AST, ALT, and creati-
nine concentrations. Disease severity was based on the
National Institute of Health COVID-19 treatment guide-
lines [14] and defined by the level of respiratory support
above baseline required by each patient at the time of
remdesivir initiation. Moderate respiratory disease was
defined as hospitalization without requiring respira-
tory support. Severe respiratory disease was defined as
requiring either low or high flow oxygen support. Critical
respiratory disease was defined as requiring non-invasive
(CPAP / BiPAP), invasive (ventilatory), or extracorporeal
membrane oxygenation support. Patients that required
inotropic support were included in the study and were
placed in the disease severity category based on their
respiratory support requirements.

Obesity or overweight was defined as weight in kilo-
grams>95th percentile for age at the time of admission
or a documented history of obesity as a pre-existing med-
ical problem. All other underlying high-risk medical con-
ditions were defined in accordance with the Centers for
Disease Control and Prevention [15].

Baseline AST, ALT, and creatinine were defined as the
concentration measured temporally closest to remde-
sivir initiation between 7 days prior to and 4 h after the
first dose of remdesivir. Normal concentrations of AST,
ALT, and creatinine were based on age (Supplemental
Table). Peak concentration was defined as the highest
value for AST, ALT, and creatinine documented, from
baseline value through 30 days after remdesivir initia-
tion. We categorized AST, ALT, and creatinine elevations
based on the Division of AIDS categories for grading the
severity of adverse events [16]. For AST and ALT, val-
ues were categorized as grade 1-2 (mild-moderate) if
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the peak concentration of either enzyme was between
the upper limit of normal (ULN) for age to <5 times the
ULN, grade 3 (severe) if the peak concentration was =5
times but <10 times the ULN for age, and grade 4 (poten-
tially life threatening) if the peak concentration was =10
times the ULN. For creatinine, grade 1 (mild) elevation
was any elevation of creatinine to 1.3 times the ULN,
grade 2 (moderate) was >1.3 to 1.8 times the ULN, grade
3 (severe) was >1.8 to <3.5 times the ULN, and grade 4
(potentially life threatening) was >3.5 times the ULN.

Statistical analysis

Categorical variables are reported as the number (N)
and continuous variables are reported as median (inter-
quartile range (IQR)). Statistical significance between
variables was measured by Fisher’s Exact Test for cat-
egorical variables and Mann-Whitney test for continuous
variables. Logistic regression analysis was performed to
examine the association between each potential risk fac-
tor (age, sex, race, ethnicity, respiratory disease severity,
high-risk underlying condition(s), and duration of rem-
desivir) and any elevation of AST, ALT, or creatinine.
Multivariable logistic regression analysis was performed
including all potential risk factors in the model. In cases
of separability, Firth’s penalized maximum likelihood
estimation was performed to reduce bias in parameter
estimation [17]. Odds ratio (OR) or adjusted OR (aOR)
and 95% confidence interval (CI) were generated. The
association between each potential risk factor and grade
3—4 elevation of AST, ALT, or creatinine was assessed in
a similar manner. A p-value<0.05 was considered signifi-
cant. Data were analyzed using SPSS version 28 (Chicago,
IL, USA) and SAS version 9.4 (SAS Institute Inc., Cary,
NC, USA).

Results

Demographics

In total, 180 patients met study inclusion criteria
(Table 1). Median age was 10.5 years (IQR 2.8, 15.3;
range 0 days to 22 years) at the time of hospital admis-
sion; 29 patients (16%) were aged<12 months. Eighty-
one patients (45%) were female, 110 (61%) were White/
Caucasian, and 52 (29%) were Black/African American.
Thirty-nine (22%) patients identified as Hispanic. One-
hundred forty-three (79%) patients had at least 1 high-
risk condition: most common were chronic lung disease
(43%), neurodevelopmental or genetic conditions (37%),
technology dependence (29%), and overweight/obesity
(26%). Of the 180 patients, 47 (26%) had moderate respi-
ratory disease, 110 (61%) had severe respiratory disease,
and 23 (13%) had critical respiratory disease at the time
of remdesivir initiation. Of the 180 patients, 3 patients
died during the admission in which they received remde-
sivir: 1 from bacterial sepsis, 1 from respiratory failure,

Page 3 of 9

and 1 from multisystem inflammatory syndrome in chil-
dren (MIS-C) secondary to COVID-19.

Remdesivir course

Median duration of remdesivir therapy was 1-day (IQR 1,
5; range 1-10 days); 93 (52%) patients received 1-3 days,
23 (13%) received 4 days, and 64 (36%) received =5 days
of remdesivir. The reasons for discontinuing remdesivir
were completion of the intended course for 78 patients
(43%), discharge from the hospital for 60 patients (33%),
no longer hypoxic for 20 patients (11%), and death for 2
patients (1%). For the remaining 13 patients, the reasons
for discontinuing remdesivir included parent preference,
clinical improvement, repeat negative COVID testing,
lost intravenous access, or were unknown. Clinician doc-
umentation of elevated transaminases as the reason for
discontinuing remdesivir occurred for 6 patients. Only
one patient had an adverse reaction which manifested
as urticaria concerning for allergic reaction shortly after
remdesivir was administered. Vitals remained stable and
rash spontaneously resolved prior to intervention and the
patient did not receive additional doses of remdesivir.

Prevalence and timing of creatinine elevations

Of the 180 patients, 176 had creatinine measured.
Twenty-four had only baseline creatinine checked (2 with
grade 1 elevation, 22 normal) and 152 had creatinine
measured both at baseline and after remdesivir initia-
tion. Of the 176 patients with creatinine measured, 148
(84%) had peak creatinine that was normal. Twenty-eight
(16%) had any elevation in creatinine; 15 (9%) grade 1,
5 (3%) grade 2, 5 (3%) grade 3, and 3 (2%) grade 4. All
patients with grade 1 creatinine elevation returned to
normal. Of the 13 patients with >grade 2 elevation, cre-
atinine returned to normal in 9 and remained elevated
in 4 patients, all of whom had a previous history of kid-
ney disease. Of all patients with creatinine measured,
creatinine elevation occurred prior to or on the day of
remdesivir initiation in 10% and after remdesivir in 7%.
The timing of post-remdesivir creatinine elevation was
the day after remdesivir was started for 3, two days after
initiation for 3, three days after initiation for 1, four days
after initiation for 1, and >1 week after initiation for 2
patients. Median age of patients with elevated baseline
creatinine was 13.6 years (8.9, 15.8).

Prevalence and timing of transaminase elevations

Of the 180 patients, 177 had transaminases measured
with 151 checked both at baseline and after remdesivir
initiation. Of the 177 patients with transaminases mea-
sured, 75 (42%) had normal transaminases with every
measurement, 42 (24%) had peak transaminase elevation
at baseline, and 60 (34%) had peak transaminase eleva-
tion after remdesivir was started. Of the 102 patients
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Table 2 Univariate analysis of potential risk factors and transaminase elevation

Any elevation of AST or ALT Grade 3-4 elevation of AST or ALT
OR? p-value® OR? p-value®
(95% Cl) (95% ClI)
Age, continuous per year 1.1(1.1,1.2) <0.001 1.1(1.0,1.2) 0.03
Ethnicity - - - -
Hispanic 0.4 (0.2,0.9) 0.03 0.2(0.1,0.7) 0.01
Non-Hispanic
Disease severity - - - -
Moderate 0.8(04,1.7) 0.63 1.0(0.3,4.2) 0.97
Severe 2.7(0.8,84) 0.09 3.1(06,15.2) 017
Critical
Race - - - -
Black/African American 14(0.7,2.8) 0.30 1.3(04,4.7) 0.68
White/Caucasian 3.1(0.3,320) 0.34 1.5(0.05,48.3) 0.81
Other/Unknown
Sex - - - -
Male 0.9(0.5,1.6) 0.74 1.2(04,3.7) 0.71
Female
High-risk condition - - - -
Absent 1.8(09,3.8) 0.1 0.6(0.2,2.0) 040
Present
Remdesivir duration, continuous per day 1.1(09,1.2) 034 1.0(0.7,1.2) 0.72

20OR=o0dds ratio

Pp-values <0.05 considered statistically significant, shown in bold

Table 3 Association of significant predictors and transaminase elevation in multivariate analysis

Any elevation of AST or ALT Grade 3-4 elevation of AST or ALT
aOR? p-value® aOR? p-value®
(95% ClI) (95% ClI)
Age, continuous per year 1.1(1.1,1.2) <0.001 1.1(1.0,1.3) 0.03
Ethnicity - - - -
Hispanic 0.8(03,1.9) 0.56 0.2 (0.05,0.9) 0.04
Non-Hispanic
Disease severity - - - -
Moderate 0.8(04,1.9) 0.68 2.1(04,109) 037
Severe 4.3(1.1,16.3) 0.03 9.8 (1.4,69.4) 0.02
Critical
Race - - - -
Black/African American 15(0.7,34) 0.31 0.7(0.2,3.3) 0.67
White/Caucasian 6.5(0.5,81.3) 0.15 0.9(0.02,38.9) 0.95
Other/Unknown
Sex - - - -
Male 1.2(0.6,24) 0.68 2.2(0.6,7.9) 0.25
Female
High-risk condition - - - -
Absent 1.1(04,3.0) 0.80 0.7(0.2,3.2) 0.69
Present
Remdesivir duration, continuous per day 1.0(08,1.2) 0.72 0.7 (0.5,1.0) 0.08

2a0R = adjusted odds ratio
Pp-values <0.05 considered statistically significant, shown in bold

was strongly associated with protection against grade
3—4 transaminase elevation (aOR 0.2 (95% CI 0.05, 0.9);
p=0.04). Older age showed higher risk of transaminase
elevation. Critical respiratory disease severity, compared
to moderate respiratory disease, had increased risk of
any transaminase elevation (aOR 4.3 (95% CI, 1.1, 16.03);
p=0.03) and was associated with grade 3—4 transaminase

elevation (aOR 9.8 (95% CI, 1.4, 69.4); p=0.02). Critical
respiratory disease severity compared to severe respira-
tory disease severity was associated with higher risk of
any transaminase elevation (aOR 5.07 (95% CI 1.5, 16.9);
p<0.01) and grade 3—4 transaminase elevation (aOR 4.61
(95% CI 1.06, 19.9); p=0.04) (data not shown).
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Discussion

Our large cohort of pediatric patients, including patients
aged <12-months, developed limited and transient labo-
ratory abnormalities, providing data to support the safety
of remdesivir in children of all ages with acute COVID-
19. In our cohort, few patients demonstrated peak creati-
nine or transaminase elevation after remdesivir initiation.
However, nearly one-quarter (42 of 177 patients, 24%)
of patients had transaminase elevation at baseline which
closely matches previously reported estimates of approxi-
mately 25-31% elevation in transaminases at presenta-
tion [18-20]. Similarly, a high proportion of patients
in our cohort demonstrated elevated peak creatinine
prior to remdesivir initiation. These findings serve as an
important reminder that, in addition to the anti-viral,
transaminase and creatinine elevation can be related to
the natural course of the viral illness as has been previ-
ously reported [20-24].

Data on the safety of remdesivir in children, including
patients under 12 months, has previously been limited
to a few small cohort studies. One study of 77 pediat-
ric patients showed similar rates of transaminase eleva-
tion (60%), but more patients with grade 3—4 elevation
(34%). However, that group had a higher median age of
14 years and included only those with severe COVID-19
related disease [8], both characteristics found to be risks
for transaminase elevation in our study. In contrast, a
study of 48 pediatric patients with a median age of 12.5
years and 94% with moderate or severe disease severity
demonstrated no liver toxicity [9]. Similarly, our study
demonstrated a favorable safety profile for remdesivir in
a larger number of hospitalized children of all ages and
respiratory disease severity.

Adult data suggest that up to 7% experience trans-
aminase elevation after remdesivir initiation suggest-
ing hepatic injury as a drug side effect [4, 7, 25]. In our
cohort, we found a large portion of patients (24%) with
transaminase elevation that occurred at baseline sug-
gesting disease-related rather than drug-related effect.
While transaminase elevation was common at baseline,
elevations that did occur after remdesivir initiation were
mostly mild (grade 1-2). For those that experienced sig-
nificant transaminase elevation, these elevations were
transient. Older age, Hispanic ethnicity, and critical dis-
ease severity were associated with the most severe trans-
aminase elevation. Graff et al. reported that age extremes
were associated with more severe disease [26] which
would support the hypothesis that these transaminase
elevations were more likely caused by the disease and not
by the remdesivir treatment. Graff, et al. also reported
that patients of Hispanic ethnicity had higher likelihood
of admission and increased odds of requiring respira-
tory support [26], again suggesting that more severe dis-
ease perhaps led to more organ dysfunction including
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elevated transaminases in this population. Applying this
clinically, our data perhaps suggest baseline transaminase
evaluation should be measured prior to remdesivir initia-
tion to assess disease-related elevations. It also supports
the potential benefit of repeat lab monitoring in specific
populations, including those of older age, Hispanic eth-
nicity, or those with critical disease severity as more sig-
nificant transaminase elevation was associated in these
populations.

Adult data regarding side effects of remdesivir suggest
approximately 3—5% will experience creatinine elevation
though this elevation was similar in control groups sug-
gesting disease-related rather than drug-related effect [4,
25]. Previously published pediatric data suggested 18% of
pediatric patients experienced grade 3—4 elevation of cre-
atinine [8]. A more recent study saw no evidence of renal
impairment related to remdesivir use [9]. In our cohort,
when creatinine elevation occurred after remdesivir was
initiated, it was infrequent (10/152, 7%), limited to those
of older age, and transient in patients without underlying
chronic kidney disease. This supports checking creati-
nine concentrations at baseline prior to initiating rem-
desivir use, especially in those patients with underlying
renal disease.

There are limitations to this study. First, the data rep-
resent patients treated at a single institution, perhaps
limiting generalizability. As use of remdesivir in hospi-
talized patients with COVID-19 was the accepted stan-
dard of care, a comparator cohort of COVID-19 positive
patients that did not receive remdesivir was not available.
Additionally, this was a retrospective review without
standardization for lab monitoring during the timeframe
studied, limiting the data points obtained for each patient
and with the potential for bias with more labs obtained in
sicker patients. The nature of the pandemic itself poten-
tially interfered with our investigation due to changes
in age-related drug approvals, evolving guidelines on
treatment duration, and changes in disease presentation
with different SARS-CoV-2 variants. We did not dem-
onstrate an association between lab abnormalities and
the duration of remdesivir therapy. This may be because
the majority of our patients received a short course of
anti-viral therapy, reflecting how this medication was
used clinically. Further investigation with standardiza-
tion of lab monitoring and duration of remdesivir ther-
apy is required to definitively differentiate the effects of
disease and drug exposure on these laboratory changes.
Although we did demonstrate an association between
laboratory abnormalities and overall medical co-morbid-
ities, there was insufficient power to assess the associa-
tion with individual co-morbidities.
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Conclusions

In our study of hospitalized children of all ages with
COVID-19 who were treated with remdesivir, most
patients experienced only mild and transient transamini-
tis and normal creatinine concentrations. These data sup-
port the manufacturer’s recommendation for baseline lab
evaluation in all patients prior to starting remdesivir and
suggest monitoring labs on therapy might only be neces-
sary in COVID-19 positive patients with underlying renal
disease or patients at increased risk of transaminitis, par-
ticularly those of older age, of Hispanic ethnicity, or with
more severe disease.
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