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Favipiravir use in children with COVID-19 and acute kidney injury: is
it safe?
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Abstract
Background The rising number of infections due to Severe Acute Respiratory Syndrome Coronavirus-2 (popularly known as
COVID-19) has brought to the fore new antiviral drugs as possible treatments, including favipiravir. However, there is currently
no data regarding the safety of this drug in patients with kidney impairment. The aim of this paper, therefore, is to share our
experience of the use of favipiravir in pediatric patients affected by COVID-19 with any degree of kidney impairment.
Methods The study enrolled pediatric patients aged under 18 years and confirmed as suffering from COVID-19 and multisystem
inflammatory syndrome in children (MIS-C) with any degree of kidney injury, who were treated with favipiravir at the time of
admission.
Results Out of a total of 11 patients, 7 were diagnosed with MIS-C and 4 with severe COVID-19. The median age of the cases
was 15.45 (9–17.8) years and the male/female ratio was 7/4. At the time of admission, the median serum creatinine level was 1.1
mg/dl. Nine patients were treated with favipiravir for 5 days, and 2 patients for 5 days followed by remdesivir for 5–10 days
despite kidney injury at the time of admission. Seven patients underwent plasma exchange for MIS-C while 2 severely affected
cases underwent continuous kidney replacement therapy (CKRT) as well. One severe COVID-19 patient received plasma
exchange as well as CKRT. Serum creatinine values returned to normal in mean 3.07 days.
Conclusions Favipiravir seems a suitable therapeutic option in patients affected by COVID-19 with kidney injury without a need
for dose adjustment.
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Introduction

The year 2019 saw the outbreak of a novel Severe Acute
Respiratory Syndrome Coronavirus-2 (SARS-CoV-2 or
COVID-19) and associated diseases. Subsequently, an increasing

number of cases of multisystem inflammatory syndrome in chil-
dren (MIS-C) were reported as a new entity temporally associat-
ed with COVID-19. These new entities have led us to use new
antiviral drugs and immune modulators. Furthermore, many pa-
tients requiring treatment for COVID-19 and/or associated dis-
easesmay have a preexisting kidney disorder or experience acute
kidney injury (AKI) as a result of the infection. Although world-
wide evidence shows that COVID-19 commonly has a milder
clinical course in children [1–4], some of them still develop
severe/critical disease, as was the case in our pediatric cohort
[5]. In general, except in severely affected cases, we preferred
to use supportive treatment in children with COVID-19. In
Turkey, favipiravir is one of the available drugs for the treatment
of COVID-19 and is recommended by the Turkish Ministry of
Health for severe pediatric COVID-19 cases.

Favipiravir is a nucleotide analog that inhibits RNA poly-
merase and has been approved for the treatment of influenza
in China and Japan. It is a hydrophilic molecule with a
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protein-bound fraction around 50% and a distribution volume
between 15 and 20 l. The drug is used orally and rapidly
absorbed with a tmax ranging from 30 to 60 min as well as a
high bioavailability of about 100% [6, 7].

Adverse reactions including hyperuricemia, gastrointesti-
nal symptoms (e.g., diarrhea, nausea, vomiting, and abdomi-
nal pain), increased alanine transaminase (ALT) and aspartate
transaminase (AST), and decreased white blood cell and neu-
trophil counts have been seen in approximately 20% of pa-
tients who received favipiravir. Also, a positive association
between favipiravir use and QTc prolongation has been re-
ported, which is still unclear [7–9]. There is thus a lack of
knowledge about the longer-term effects of the treatment
and more evidence is needed. However, favipiravir has an
overall good safety profile [8] and has recently been studied
and registered for COVID-19 also in Japan.

The major elimination pathway of the drug is the kidney
and inactive metabolites produced by aldehyde oxidase and
xanthine oxidase are excreted in the urine. Favipiravir has
time- and dose-dependent pharmacokinetics based on the in-
hibition of aldehyde oxidase [7]. However, there is a lack of
data in the literature on favipiravir metabolism with decreased
kidney function, which can significantly affect the drug serum
concentration. So far it has not been possible to make a rec-
ommendation for its safe use in patients with kidney impair-
ment, particularly children [5, 10]. Here we aim to share our
experiences with favipiravir use in children affected by
SARS-CoV-2 with any degree of AKI.

Methods

We recruited pediatric patients under 18 years of age and
confirmed as suffering from COVID-19 and/or MIS-C with
any degree of kidney injury who were treated with favipiravir
at the time of admission, betweenMarch 26 and December 30,
2020. Review of the clinical features of children with COVID-
19 and MIS-C have been approved by the institutional review
boards at Hacettepe University and the University of Health
Sciences, Ankara Educating and Training Hospital. All of the
patients’ parents/legal guardians provided written informed
consent for the use of favipiravir or remdesivir according to
the regulations of the Turkish Ministry of Health.

Suspicious cases with positive reverse transcriptase-
polymerase chain reaction (RT-PCR) or serum-specific anti-
bodies against 2019-nCoV were accepted as confirmed cases
[11]. The severity of pediatric COVID-19 was classified based
on the clinical characteristics and laboratory and radiologic
investigation results defined by Dong et al. [12]. Severe/
critical disease was defined as progressive respiratory disease
or respiratory failure, shock, and organ dysfunction. The chil-
dren were diagnosed as MIS-C according to CDC criteria [13]
and/or WHO definitions [14]. Acute kidney injury was

classified according to the Kidney Disease Improving
Global Outcomes (KDIGO) classification [15]. Bedside
Schwartz formula was used to calculate estimated GFR levels
[16].

The variables potentially associated with COVID-19 infec-
tion and MIS-C were listed as follows: age; sex; clinical pre-
sentation; previous medical history; underlying diseases; du-
ration of symptoms; findings of organ involvement; laborato-
ry investigations such as white blood cell count (WBC), acute
phase reactants, kidney and liver function tests, electrolytes,
albumin, and radiologic findings such as posteroanterior chest
X-ray, abdominal ultrasonography, and chest computed to-
mography (CT) if needed; use of central venous catheters
and mechanical ventilation; antiviral and antimicrobial treat-
ments; immunosuppressive and immunomodulatory treat-
ments; side effects of treatments; the need for plasma ex-
change or kidney replacement therapy (KRT); pediatric ICU
(PICU) admission; and outcome. Data regarding the demo-
graphic and clinical characteristics of patients were collected
via patients’ charts and the digital administrative, pharmacy,
and laboratory databases of the hospital.

Treatment modalities

During the pandemic, only severe and critically ill pediatric
cases were hospitalized and treated with an antiviral agent.
Favipiravir was the main antiviral agent available at our center
and was used together with antimicrobial treatments after hos-
pitalization. Remdesivir was very difficult to obtain and could
only be used after the treatment with favipiravir in a handful of
patients. Favipiravir was given orally on a weight-based dos-
ing as per the recommended treatment for Ebola [17]. In pa-
tients weighing 22–35 kg, the first dose was administered as
1200 mg, followed by another 1200 mg after 8 h, and then by
600 mg 16 h after the first dose. On 2nd–4th days, 600 mg
every 12 h was administered. For patients weighing 36–45 kg,
the initial dose was 1200 mg, followed by another 1200 mg
after 8 h, and then by 800 mg 16 h after the first dose. On 2nd–
4th days, 800 mg every 12 h was administered. For those in
the 46–55 kg weight range, the initial and the 8-h doses were
2000 mg, followed by 1000 mg at the 16th hour, while the
2nd–4th-day doses were 1000 mg every 12 h. Patients
weighing > 55 kg received an initial dose of 2400 mg, follow-
ed by 2400 mg at the 8th hour, and by 1200 mg at the 16th
hour, and then 1200 mg every 12 h on 2nd–4th days [18].
Remdesivir was administered as an intravenous infusion over
30–120 min. Patients weighing less than 40 kg were given a
single loading dose of 5 mg/kg on day 1 followed by 2.5
mg/kg once daily as of day 2. Patients weighing 40 kg and
more were given a single loading dose of 200 mg on day 1
followed by once-daily maintenance doses of 100 mg from
day 2 [19].
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Anakinra was used 2 mg/kg/dose subcutaneously twice
daily. A single dose of intravenous (IV) immunoglobulin
(IVIG) 2 g/kg was also infused over 24 h and IV methylpred-
nisolone was given at 1–2 mg/kg/dose twice daily for MIS-C
cases.

Plasma exchange was performed for removal of possible
soluble cytokines/chemokines during the cytokine storm and
continuous renal replacement therapy (CKRT) was performed
in patients when needed. The dose of favipiravir for patients
who underwent CKRT was not changed. Continuous
venovenous hemodialysis (CVVHD) was preferred in our
center for critically ill, clinically unstable patients.

Results

Out of a total of 11 patients, 7 were diagnosed withMIS-C and
4 with severe COVID-19. The median age of the cases was
15.45 (min–max, 9–17.8) years and the male/female ratio was
7/4. At the time of admission, the median serum creatinine and
GFR levels were 1.1 mg/dl (min–max, 0.84–3.54 mg/dl) and
75.63 ml/min/1.73 m2 (min–max, 26.1–103.8 ml/min/1.73
m2), respectively, while at discharge the median creatinine
level was 0.48 mg/dl (min–max, 0.16–0.71 mg/dl) and the
median GFR level 137.66 ml/min/1.73 m2 (min–max, 98.8–
159 ml/min/1.73 m2). Nine patients were treated with
favipiravir for 5 days, and 2 patients for 5 days followed by
remdesivir for 5–10 days despite kidney injury at the time of
admission (Table 1). No adverse side effects associated with
favipiravir were observed.

All MIS-C patients underwent plasma exchange and 2 of
them who were severely affected underwent CKRT as well.
One severe COVID-19 patient underwent both plasma ex-
change and CKRT and received favipiravir before plasma
exchange. Six MIS-C patients were treated with favipiravir
after plasma exchange and 1 patient with MIS-C received
favipiravir before plasma exchange but the repeat dose was
not administered. The duration of plasmapheresis was 1–1.5 h
per session and each patient underwent plasma exchange only
once except for one case in which plasmapheresis was per-
formed four times. Four patients, 2 of whom had plasma ex-
change at the same time as or after the drug’s administration
(which could potentially remove the drug) and 2 who needed
CKRT (which could remove the drug due to its low protein
binding), were excluded and the analysis repeated. The medi-
an serum creatinine and eGFR levels of the remaining 7 pa-
tients at the time of admission were 0.9 mg/dl and 82.5 ml/
min/1.73 m2, respectively. Their discharge levels were 0.49
mg/dl and 135.91 ml/min/1.73 m2.

Serum creatinine values returned to normal in 3.07 days on
average (Fig. 1). Three out of 4 severe COVID-19 patients had
underlying diseases; 1 had testicular cancer and was receiving
chemotherapy, 1 had hyperlipidemia and type 2 diabetes

mellitus (DM), and 1 had type 1 DM and was admitted with
diabetic ketoacidosis. None of the MIS-C patients had comor-
bidities. None of the patients of the cohort had any preexisting
kidney disease. All patients were discharged except 1 who is
still hospitalized.

Discussion

Remde s i v i r , f a v i p i r a v i r , l o p i n a v i r / r i t o n a v i r ,
hydroxychloroquine, azithromycin, corticosteroids, toci-
lizumab, and anakinra have been identified as experimental
drugs for the treatment of COVID-19 in Turkey as in many
other parts of the world [10]. Asymptomatic, mild, and mod-
erate cases constituted 95% of COVID-19 cases in our center
[5], which is one of the largest tertiary care centers in Turkey,
receiving referrals from both Anatolia and its southeastern
neighbors. Our COVID-19 management protocol suggests
that only severely affected children should be treated with
targeted therapies. It should be noted that therapeutic options
were limited by the availability of drugs in our country. We
preferred not to use lopinavir/ritonavir, hydroxychloroquine,
and azithromycin, given conflicting data in the literature [5,
20–22]. Remdesivir is not easily available in Turkey and we
could use it only for a few cases. Favipiravir is more readily
available and despite the lack of clinical evidence in children,
we had to use it in patients with some degree of kidney or
hepatic impairment. We used favipiravir in our severely af-
fected cases with kidney impairment without any dose adjust-
ment. Moreover, remdesivir was used sequentially for two
cases in our cohort at full dose. In light of ongoing clinical
trials in India and the USA [23], Marra et al. [10] recommend
that dose adjustment should be considered for favipiravir in
COVID-19 patients with kidney impairment. M1 is the hydro-
philic and inactive metabolite whose accumulation in reduced
GFR might be related to drug toxicity. In an ongoing clinical
study that includes 30 patients with eGFRs between 50 and 80
ml/min/1.73 m2, no pharmacokinetic data for favipiravir is
presented [2]. Furthermore, there is no data to make safety
statements about the drug’s use in patients with kidney im-
pairment or on KRT [10]. We used favipiravir for our 2 pedi-
atric cases with eGFR < 30 ml/min/1.73 m2 and it was well
tolerated.

After the lungs, the kidneys are one of the major organs
affected in severe COVID-19 associated with a poor outcome.
The pathophysiology of acute kidney injury in COVID-19 is
unclear but there may be a multi-factorial mechanism includ-
ing complex interactions between host and virus, hemody-
namic alterations, the effect of intensive therapies such as
invasive mechanical ventilation on kidney blood flow as well
as nephrotoxic drugs [24, 25]. There is also scarce data to
predict the accurate organ damage related to these new drugs.
In India, acute kidney injury was reported in two males, aged
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38 and 51, who were treated with favipiravir due to severe
COVID-19, which resolved after favipiravir was discontinued
[26]. It is difficult to establish a cause-effect relationship in
patients with severe/critical disease. Data is lacking on
favipiravir dosage and dose adjustment according to glomer-
ular filtration rate in patients with acute kidney injury or
chronic kidney disease [27], particularly in children. Despite
the scarcity of data, during the pandemic we often found our-
selves needing to use these drugs in an off-label manner.
Based on this experience, we wanted to share our data about
pediatric patients with impaired kidney function. The litera-
ture does not recommend skipping the loading dose in patients
with GFRs ranging from 30 to 50 ml/min/1.73 m2 since the

expected two- to three-fold increase in plasma drug levels is
considered safe [28]. In the present study, favipiravir was used
at full dose and was well tolerated with no major side effects.
Larger and prospective studies are required to clarify the need
for dose adjustment of these drugs in case of kidney
impairment.

There are at least two limitations in our study. First,
we had no chance to investigate the plasma levels of
favipiravir. Second, in 2 patients the plasma levels of
favipiravir might have been affected by plasma
exchange.

In conclusion, favipiravir might be a suitable therapeutic
option in pediatric SARS-CoV-2 patients with reduced GFR

Table 1 Clinical features of cases with COVID-19 and acute kidney injury

Case
No.

Age
(yr)

Sex Diagnosis Antiviral Underlying disease Serum Cr levels at the
time of the admission
(mg/dl)/eGFR
(ml/min/1.73 m2)

Duration of elevated
Cr levels (days)

Intervention

1 15.9 M COVID-19 Favi Testicular carcinoma 0.85/103.89 2 None

2 15.8 M MIS-C Favi None 1.1/75.63 3 Plasma exchange

3 14.5 F MIS-C Favi and R None 1.5/60.5 5 Plasma exchange and CKRT

4 13.0 F MIS-C Favi Hyperlipidemia/DM2 3.26/26.15 7 Plasma exchange and CKRT

5 17.8 F COVID-19 Favi and R None 3.54/26.41 7 Plasma exchange and CKRT

6 16.8 M MIS-C Favi None 1.2/77.92 2 Plasma exchange

7 15.1 M COVID-19 Favi None 0.84/85 4 None

8 12.2 M COVID-19 Favi DM1 0.91/96.70 2 None

9 17.6 M MIS-C Favi Sensorineural hearing loss 0.96/63 4 Plasma exchange

10 9.5 F MIS-C Favi Hyperlipidemia 1.45/59.6 3 Plasma exchange

11 9.0 M MIS-C Favi None 0.9/82.5 2 Plasma exchange

Favi, favipiravir; MIS-C, multisystemic inflammatory syndrome in children; CKRRT, continuous kidney replacement therapy, R remdesivir

Fig. 1 Creatinine levels of the
patients from presentation to day
7 of hospitalization
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without a need for dose adjustment. Larger studies that include
the measurement of plasma levels of favipiravir are needed.
Despite the small sample size and the lack of data on plasma
favipiravir levels, when we consider the limited knowledge
and experience in the field, we believe that our findings might
guide clinicians treating patients with COVID-19 and associ-
ated diseases in the pandemic.
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