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Abstract

Background Novel coronavirus disease 2019 (COVID-19) refers to infection with the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) pathogen, and has spread to pandemic levels since its inception in December 2019. While sev-
eral risk factors for severe presentation have been identified, the clinical course for end-stage renal disease (ESRD) patients
on maintenance hemodialysis with COVID-19 has been unclear. Previous studies have revealed that some antiviral agents
may be effective against COVID-19 in the general population, but the pharmacokinetics and pharmacodynamics of these
agents in ESRD patients remain under investigation. Favipiravir, an antiviral agent developed for treatment of influenza,
is one candidate treatment for COVID-19, but suitable dosages for patients with renal insufficiency are unknown. Here we
provide a first report on the efficacy of favipiravir in a patient with ESRD undergoing hemodialysis.

Case presentation The case involved a 52-year-old woman with COVID-19 who had been undergoing maintenance hemo-
dialysis three times a week for 3 years due to diabetic nephropathy. She had initially been treated with lopinavir/ritonavir
and ciclesonide for 5 days, but developed severe pneumonia requiring invasive positive-pressure ventilation. Those antiviral
agents were subsequently switched to favipiravir. She recovered gradually, and after 2 weeks was extubated once the viral
load of SARS-CoV-2 fell below the limit of detection. Although concentrations of several biliary enzymes were elevated,
no major adverse events were observed.

Conclusion Favipiravir may be an effective option for the treatment of COVID-19-infected patients with ESRD.
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Introduction

The pandemic of novel coronavirus disease 2019 (COVID-
B4 Shoji Saito 19) caused by the severe acute respiratory syndrome coro-
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world since December 2019 [1]. In Japan, the first case
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pharmacodynamics of these agents in ESRD patients are
still under investigation. ESRD patients are estimated to be
at higher risk of severe disease and poorer outcomes with
COVID-19 due to a suppressed immune system. In addition,
these patients usually undergo hemodialysis in relatively
close proximity to other patients in hemodialysis facilities,
which can lead to the number of COVID-19-infected ESRD
patients increasing [5]. Investigation of effective treatments
for these patients is thus warranted.

We describe herein the case of ESRD patient undergoing
hemodialysis infected with COVID-19 treated with favipira-
vir, and report on the efficacy of this drug.

Case report

The patient was a 52-year-old woman who has been under-
going maintenance hemodialysis 3 times a week for 3 years
due to diabetic nephropathy. She also had a 6-month his-
tory of chronic diarrhea and had undergone coronary artery
stenting, amputation of the right lower limb, and treatment
for latent pulmonary tuberculosis. Medications were aspirin,
telmisartan, lovastatin, nalfurafine, ranitidine, carvedilol and
potassium aspartate. Six days prior to this admission, she
had been seated just behind another COVID-19 patient in
a courtesy bus for an outpatient hemodialysis facility. Four
days later, when she underwent routine hemodialysis in the
morning, she reported feeling feverish, and a nasopharyn-
geal swab yielded positive results for SARS-CoV-2 by real-
time reverse-transcriptase polymerase chain reaction (rRT-
PCR) assay the next day.

On admission, she reported fatigue, nausea, abdominal
pain, and severe diarrhea. Temperature was 39.3 °C, res-
piratory rate was 18 breaths/min, heart rate was 81 beats/
min, blood pressure was 191/97 mmHg, and oxygen satura-
tion was 100% on ambient air. Whereas physical examina-
tion showed no abnormalities, chest computed tomography
(CT) demonstrated ground-glass opacity in the inferior
lobes of both lungs (Fig. 1a). She was admitted to an air-
borne infection isolation unit. Laboratory tests suggested
end-stage renal failure, anemia, inflammatory response,

Fig. 1 Chest CT of the patient.
a Ground-glass opacity was
observed in the inferior lobes
of both lungs on admission. b
Density of the lesions decreased
when the patient no longer
needed mechanical ventilation
(Day 27)

and hypokalemia that could have been caused by chronic
diarrhea (Table 1). Blood and stool cultures both yielded
negative results. Sequential organ failure assessment (SOFA)
score at that time was 5. At this time, only few drugs were
approved by ethical committee of our hospital for the treat-
ment with COVID-19, which are ciclesonide, lopinavir/rito-
navir, and favipiravir. We avoided to use favipiravir as an
initial therapy because of lacking information about dialysis
patients. Informed consent was obtained from our patient
and treatment with oral lopinavir (800 mg/day) and ritonavir
(200 mg/day) was initiated on the evening of admission.
In addition, inhaled ciclesonide was administered twice
a day. Routine hemodialysis was continued three times a
week and body fluid status was tightly controlled properly.
We basically followed the same dialysis conditions of her
dialysis facility; 4 h, blood flow 150 ml/min, dialysate flow
500 ml/min, dialyzer 1.5 mm?, and heparin as anticoagu-
lant. Abdominal pain and nausea improved immediately,
but she was started on supplemental oxygen, delivered by
nasal cannula at 2 L/min from the night of hospital day 2.
Chest X-rays suggested continued progression of pneumonia
(Fig. 2). On day 6, the patient suffered from acute respiratory
failure requiring mechanical ventilation with positive end-
expiratory pressure as high as 10 cmH,O with fraction of
inspired oxygen (FiO2) 1.0. Lopinavir/ritonavir and cicleso-
nide were then stopped and favipiravir (3600 mg loading
dose followed by 1600 mg administered orally daily in two
divided doses, comparable to the dose for patients with
normal kidney function) was administered for 2 weeks. We
monitored laboratory data twice a day to check for adverse
events such as pancytopenia and liver dysfunction (Table 1).
Transfusions of red blood cells and albumin were conducted
as necessary. Mild elevations of alkaline phosphatase (ALP)
and gamma-glutamyl transpeptidase (y-GTP) were observed,
but these values improved after discontinuation of favipira-
vir (Fig. 3b). Both parameters improved to normal range,
297U/L and 36U/L respectively, on hospital day 60.

As CRP levels, P/F ratio and chest X-ray findings gradu-
ally improved by day 10 (Fig. 2, 3a Table 1), effect of favip-
iravir seemed to be appeared approximately in 5 days. Given
concerns about concurrent ventilator-associated pneumonia
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Fig.2 Chest X-rays of the patient. Findings worsened until day 6, then gradually improved thereafter. a Day 1; b Day 4; ¢ Day 6; d Day 10; e
Day 19; and f Day 24
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Fig.3 Vital signs and laboratory data. a Body temperature and CRP. Fever gradually improved. CRP peaked on day 10, then decreased. b Con-
centrations of ALP and y-GTP. Both ALP and y-GTP elevated during treatment with favipiravir, but decreased after termination of favipiravir
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because of the detection of methicillin-resistant Staphylo-
coccus aureus from sputum, teicoplanin (loading dose of
600 mg followed by 200-300 mg administered intravenously
every 24 h) and tazobactam/piperacillin (loading dose of
4.5 g followed by 2.25 g administered intravenously every
8 h) was initiated. Body temperature and blood concentra-
tion of C-reactive protein (CRP) are shown in Fig. 3a. The
worst SOFA score was 9, on hospital day 8, which improved
to 5 by hospital day 16. Treatment with favipiravir was ter-
minated on day 19, after 2 weeks of administration. Viral
load of SARS-CoV-2 also decreased, falling below the limit
of detection on day 24. At this point, the patient was with-
drawn from ventilatory support. CT performed on day 27
showed marked improvement of pneumonia (Fig. 1b). No
serious thromboembolic events were found during this treat-
ment period.

Discussion

Coronaviruses are positive-sense single-stranded RNA
viruses with envelopes of 80-160 nm in diameter. These
viruses can be divided into alpha-coronaviruses, causing
common cold symptoms, and beta-coronaviruses, which
include severe acute respiratory syndrome (SARS) corona-
viruses [6] and Middle East respiratory syndrome (MERS)
coronaviruses [7]. SARS-CoV-2 is a beta-coronavirus. Many
previously reported cases have been middle-aged and the
incubation period is 4-7 days [8], as with the patient in
this article. The patient seemed to improve slightly at first,
respiratory dysfunction rapidly progressed within a week.
A previous study noted a similar tendency [9]. A meta-
analysis of 46,248 patients from eight studies showed that
the most prevalent comorbidities related to severity were
hypertension (odds ratio (OR) 2.36, 95% confidence inter-
val (CI) 1.46-3.83), respiratory system disease (OR 2.46,
95%CI 1.76-3.44), and cardiovascular disease (OR 3.42,
95%CI 1.88-6.22) [3]. ESRD patients are also estimated
to be at higher risk of severe disease and poorer outcomes
from COVID-19 due to suppression of the immune system.
However, few experiences with the treatment of COVID-19
in ESRD patients have been reported to date. Considering
the structure of the virus, existing agents such as interferon
alpha, lopinavir/ritonavir, chloroquine phosphate, ribavirin,
and arbidol have been estimated to offer potential efficacy
against COVID-19 [4]. The efficacy of lopinavir/ritonavir
against COVID-19, which had been expected to be effective
against SARS [10], was denied in a previous study [11],
and the treatment also seems to have been ineffective in our
own case.

Favipiravir is a new type of RNA-dependent RNA poly-
merase inhibitor that is converted into an active phospho-
ribosylated form in cells and is recognized as a substrate
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by viral RNA polymerase, thus inhibiting RNA polymerase
activity [12]. Favipiravir is currently undergoing clinical tri-
als for treatment of COVID-19 in Japan. This background
led the institutional review board in our hospital to allow
treatment of the present patient with favipiravir. According
to the report on the deliberating results of favipiravir by min-
istry of health, labour and welfare published on 2014, favi-
piravir itself is metabolized mainly in the liver, and plasma
concentrations are increased around 1.3-fold in patients with
renal insufficiency. However, data are lacking on the extent
to which the levels of this drug are impacted by dialysis.
Favipiravir hydroxide (M1) is expected to be eliminated by
renal excretion and clinical data is lacking regarding clear-
ance by dialysis. Appropriate doses of favipiravir for ESRD
patients thus have not been determined and the possibility
of adverse events caused by accumulation of M1 should be
considered.

The patient in this article showed day-by-day deterio-
ration and required support with mechanical ventilation
despite treatment with lopinavir/ritonavir and ciclesonide
as first-line treatments. Since the patient had ESRD, heart
failure was also suspected, but hemodialysis was performed
regularly and body fluid level was tightly controlled by
adjusting her dry weight. Respiratory symptoms recovered
after starting favipiravir and she was withdrawn from ven-
tilatory support. Although we had been worried about the
possibility of pancytopenia or hepatic dysfunction, minimal
adverse events were observed along with mild and reversible
elevations of ALP and y-GTP. In addition, we monitored the
viral load of SARS-CoV-2 by rRT-PCR, which showed a
gradual decrease and eventually fell below the limit of detec-
tion. The protocol we used for rRT-PCR conformed to the
instructions of LightMix® Modular SARS and Wuhan CoV
N-gene, E-gene (Roche, Basel, Switzerland) and LightMix®
Modular EAV RNA Extraction Control 660 (Roche, Basel,
Switzerland).

The patient had been suffering from chronic diarrhea even
before developing COVID-19, so the associations of diar-
rhea with COVID-19 and favipiravir remain unclear. During
the course of treatment, diarrhea and hypokalemia slowly
improved with antidiarrheal medicine.

This article is the first report to demonstrate the efficacy
of favipiravir in a COVID-19 patient with ESRD undergo-
ing maintenance hemodialysis. In the future, monitoring the
concentrations of favipiravir or metabolites and analyzing
dialysates when favipiravir is used for ESRD patients on
hemodialysis and metabolomics are expected. In conclusion,
favipiravir may be one effective option for treating COVID-
19-infected ESRD patients.
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