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The coronavirus disease of 2019 (COVID-19), which began in Wuhan, China, at the end of 2019, is
spreading around the world and causing many deaths, mainly from pneumonia. Currently, there are no
specific drugs to treat COVID-19, and existing antiviral drugs are being used as an alternative. One of
these is favipiravir, a new type of influenza drug. However, its efficacy, dosage, and duration of admin-
istration are still under study. In this case study, we administered favipiravir to patients with COVID-19

and determined the viral load of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the

COVID-19 pathogen, using semi-quantitative real-time reverse transcription PCR in sputum samples. We

Ié:\{g?r?\zr report on two patients in whom the viral load increased again after completion of 10 days of favipiravir
Coronavirus disease treatment and a transient relapse of symptoms was observed.

COVID-19 © 2021 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
RT-PCR Published by Elsevier Ltd. All rights reserved.
SARS-CoV-2

Viral blips

Introduction hemorrhagic fever), lopinavir (LPV)/ritonavir (RTV) (used to treat

A novel coronavirus infection (COVID-19; coronavirus disease
2019), which began as an epidemic in Wuhan, China, in late 2019,
has since spread rapidly around the world. On March 11, 2020, the
World Health Organization (WHO) declared it a pandemic, and as of
December 02, 2020, the number of infected people worldwide has
reached 63 million, with over 1,482,000 deaths [1].

COVID-19 is a disease caused by infection with the RNA virus
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
which causes respiratory distress due to pneumonia and in the
worst case, death [2]. Currently, there is no effective treatment for
COVID-19, and various drugs such as remdesivir (used to treat Ebola
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human immunodeficiency virus [HIV] infection), and favipiravir
(developed at the time of the HIN1 influenza epidemic) are being
used alternatively to determine their efficacy [3,4].

Favipiravir, a nucleic acid analog prodrug that selectively in-
hibits the RNA-dependent RNA polymerase of RNA viruses, has
been considered to be effective against all RNA viral infections, not
just influenza viruses [5,6]. Thus, favipiravir is being used for the
treatment of COVID-19 in some countries, and the efficacy of favi-
piravir administration has been reported in China [7]. In Japan,
favipiravir is used in compassionate care cases at a dose of 3600 mg
on the first day and 1600 mg on the second day and thereafter. The
typical duration of administration is within 14 days, but no clear
basis has been obtained yet. In addition, antiretroviral therapy
(ART) for HIV infection, while initially reducing the viral titer, has
been shown to result in a subsequent increase in viral load during
treatment [8]. There have not been many reports of transitions in

1341-321X/© 2021 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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Abbreviations

ART antiretroviral therapy

COVID-19 coronavirus disease 2019

GGO ground-glass opacity

SARS-CoV-2 severe acute respiratory syndrome coronavirus
2

RT-PCR  reverse transcription polymerase chain reaction
Sp02 saturation of percutaneous oxygen
AMPC amoxicillin

CVA/AMPC clavulanate/amoxicillin

viral load in the body following favipiravir administration with
COVID-19 cases.

In this study, we administered favipiravir to COVID-19 patients
admitted to the Department of Infectious Diseases, Kyoto Prefec-
tural University of Medicine, and measured the viral load of SARS-
CoV-2 by real-time reverse transcription PCR (RT-PCR) using
sputum samples. We report two cases wherein the viral load
increased again after the end of favipiravir treatment.

We used sputum as the specimen for determining the viral load
by real-time RT-PCR. sputum was basically collected early morning
sputum, and only good quality specimens were used, excluding low
quality specimens in the Miller—Jones classification and the Geck-
ler classification. Pretreatment of sputum was performed according
to the appendix “Pretreatment Methods of Sputum Specimens” of
“Manual for the Detection of Pathogen 2019-nCoV” by the National
Institute of Infectious Diseases. We used QIAamp® Viral RNA Mini
Kit (QIAGEN, Japan) for RNA extraction, and the Cobas® z 480
system (Roche Diagnostics, Switzerland) for real-time RT-PCR. We
also used the LightMix® Modular SARS-CoV E-gene kit (TIB Mol-
biol, Germany) for real-time RT-PCR. A positive control was used to
quantify the viral load. The positive control used in this study had a
reference Ct value of 29.5 and a concentration of 1000 copies/uL.
We calculated the viral load in the patient samples from the dif-
ference between the Ct values of the control and patient samples.

Case reports
Case 1

The first patient was a 70-year-old woman. She was a past
smoker, with a 40 packs-year, and had comorbidities such as
emphysema, dyslipidemia, and an overactive bladder, for which she
was being treated with mirabegron (50 mg), rosuvastatin (2.5 mg),
benidipine hydrochloride (4 mg), and etizolam (0.5 mg). She had
been hospitalized twice for acute exacerbation of chronic
obstructive pulmonary disease and pneumonia (COPD). She had no
known allergies and lived with three other family members.

Ten days prior to admission to the hospital, the patient had a
fever of 38.1 °C, and a dry cough appeared. A chest radiograph was
taken, but no abnormality was noted, and an antipyretic medicine
was prescribed. Her fever did not subside, and an olfactory
disturbance appeared 4 days before admission. She visited her
doctor again and was prescribed clavulanate/amoxicillin (CVA/
AMPC) and some antiallergic medicine, but her condition did not
improve. She was referred to the general hospital. The day before
admission, a chest computed tomography (CT) scan was taken, and
a specimen of nasopharyngeal swab was taken for PCR analysis
because of a suspicion of COVID-19 pneumonia. A positive PCR
result was confirmed the next day, and she was admitted to our
hospital (day 1). On admission, her body temperature was 36.7 °C,
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Fig. 1. Changes in viral load of SARS-CoV-2 in sputum of case 1 during and after
treatment with favipiravir. The solid line shows the viral load, the dashed line shows
the temperature change and the gray bar shows dyspnea on exertion. There was a
relapse of fever on day11 (V/), and an increase in viral load was noted on day 12 (¥ ).

and her SpO; was as low as 88% in room air; dyspnea was observed
on exertion. Her chest CT scan showed sporadic ground-glass
opacity (GGO) and dorsal infiltration in the base of the lung just
below the pleura of both lungs, consistent with imaging findings of
COVID-19 pneumonia. The administration of favipiravir was started
on the day of admission, along with oxygen via a nasal cannula. The
amount of virus in sputum at the time of hospitalization, measured
by real-time RT-PCR using the E-gene, was 1.26 x 10° copies/uL
[9,10].

Antipyretic medication (acetaminophen) was effective within 2
days after admission, and favipiravir therapy resulted in fever
reduction and improvement in respiratory status on day 4; treat-
ment was terminated after 10 days because of the general
improvement of symptoms. The viral load measured by real-time
RT-PCR decreased after treatment with favipiravir, but the viral
load increased on day 12, 2 days after the end of treatment (Fig. 1).
The patient had a transient fever, exertional dyspnea, and
decreased SpO, at about the same time, but it did not worsen
thereafter. The increase in viral load was also transient and tapered
off over 50 days.

Case 2

The second patient was a 61-year-old woman. She was a never-
smoker but had hypertension and dyslipidemia, for which she was
taking amlodipine (2.5 mg), rosuvastatin (2.5 mg), methyl-
cobalamin (250 mg), and etizolam (0.5 mg). She had been hospi-
talized for cerebral hemorrhage 10 years prior, but there were no
notable sequelae. She had no known allergies, and one family
member lived with her.

She developed a mild dry cough and a fever of 38.5 °C 12 days
and 10 days prior to admission to the hospital, respectively. She was
prescribed an antipyretic and AMPC. Her fever remained, and she
visited her doctor again 4 days before admission. A rapid test for
influenza was taken at that time, but it was negative. Two days
before admission, she was referred to the general hospital, where a
chest CT scan was taken, and a specimen of nasopharyngeal wipe
fluid was obtained for PCR analysis for SARS-CoV-2 due to inter-
stitial shadows in the lungs. Positive results were confirmed on the
day prior to admission, and she was admitted to our hospital on the
following day (day 1).

Her temperature on admission was 37.9 °C, and her SpO, was
97% under high-dose oxygen; she also had severe dyspnea on
exertion. Her chest CT scan at the time showed extensive GGO and
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infiltration in both lung areas, mainly just below the pleura. The
amount of virus in sputum at the time of hospitalization, measured
by real-time RT-PCR using the E-gene, was 2.12 x 10° copies/uL
[9,10].

After admission, oxygen administration was continued, and
favipiravir treatment was started on the same day. It took 22 days
for her respiratory status to improve due to the marked fluctuation
of SpO, depending on her body position, but her fever subsided on
day 11, and her respiratory status gradually improved. Antipyretic
medication (acetaminophen) was effective within 3 days after
admission, and favipiravir treatment was terminated after 10 days.
The viral load obtained by real-time RT-PCR examination showed a
decreasing trend during favipiravir treatment, but a transient fever,
malaise, dyspnea, and tachypnea on exertion were observed on day
11, the day after the end of treatment, and a transient rise in viral
load was observed at the same time (Fig. 2). Her symptoms also
resolved for a day, and she had no further exacerbation of symp-
toms. The viral load also tapered off and became negative on day
32.

Discussion

The efficacy of various antiviral drugs, such as remdesivir, LPV/
RTV, and favipiravir, is currently being tested against COVID-19. We
report two cases in which favipiravir was effective, but there was a
transient viral load elevation and symptom relapse after 10 days
treatment. SARS-CoV-2 is a single-stranded RNA virus that belongs
to the P-coronavirus genus in the family Coronaviridae [11].
Another single-stranded RNA virus, HIV, has been treated with ART
for HIV infection [8]. If the viral load increases again during the
course of this treatment, there are various possible causes,
including adherence problems and the emergence of drug-resistant
viruses [12]. Mild and transient increases in viral load during
treatment have also been reported, which have been referred to as
“blips” [13].

In the two cases reported herein, the increase in the viral load
after the completion of favipiravir treatment was transient; the
viral load spontaneously decreased, and the clinical symptoms
improved. From this point of view, these two cases may represent
“blip”-like phenomena in the antiviral treatment. Although the
factors that cause blips in the treatment of HIV infection are not yet
fully understood, there are reports that early ART initiation reduces
blips [14], and that high viral load before treatment is associated
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Fig. 2. Changes in viral load of SARS-CoV-2 in sputum of case 2 during and after
treatment with favipiravir. The solid line shows the viral load, the dashed line shows
the temperature change and the gray bar shows dyspnea on exertion. There was a
relapse of symptoms (fever) on day11 (V/), and an increase of viral load was noted on
day 15 (V).
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with blips [15]. For COVID-19, it has also been reported that delayed
hospitalization after the onset of the disease prolongs the trans-
mission of SARS-CoV-2 [16]. In addition, relapses of symptoms have
been reported in cases where PCR testing was positive again after
discharge from the hospital [17]. In both cases in this report, the
viral load at the time of admission was high and antiviral therapy
was started relatively late, 10 days after the onset of the disease,
which may have caused the appearance of “blip”-like phenomena.
Another possible reason for this phenomena could be related to the
effect of specimen quality. Case 1 had COPD and Case 2 had severe
pneumonia. Therefore, good quality sputum specimens were ob-
tained and detailed evaluation, including transient viral elevation,
was possible. In fact, it has been reported that viruses could be
detected more accurately by PCR testing using bronchoalveolar
lavage fluid (BALF), which is a more direct lower respiratory tract
specimen than sputum, than by using nasal specimens [18]. How-
ever, it remains to be determined what other factors cause transient
viral re-increase and worsening of symptoms after finishing anti-
viral therapy for COVID-19. Compared with Case 1, there was a
slight time difference between the worsening symptom and tran-
sient viral elevation in Case 2. A possible explanation is COVID-19
causes fever and other symptoms due to an immune response
when the viral load elevated may be complicated and have various
patterns. The other explanation is the quality of the sputum might
affect the situation, but the exact reason is unknown.

Favipiravir treatment for COVID-19 is thought to inhibit viral
growth by selectively inhibiting the RNA-dependent RNA poly-
merase. However, there is a report that neutralizing antibodies
against SARS-CoV-2 are sufficiently produced after 2 weeks of
disease onset [19]. Thus, it might be possible to prevent blips or
rebound if enough neutralizing antibodies are produced in the
body while favipiravir inhibits viral growth. The two patients in the
present study completed favipiravir treatment for 10 days, which
may have been related to the appearance of “blip”-like phenomena.

There are several limitations in this study. The first is that the
number of cases is small. As the number of cases increases in the
future, we may be able to reveal in more detail the characteristics
and turning points of cases that can cause blips. Second, the
collection of patients treated with favipiravir for 14 days would
allow a comparison of patient background with patients treated for
10 days and would help ascertain the appropriate duration of
treatment. Third, we used sputum to accurately assess the amount
of virus in covid-19 pneumonia, but the quality of the specimen is a
problem. Although we tried, as much as possible, to use specimens
of high quality, the quality of sputum is inevitably inconsistent to
some extent. If we could use specimen with higher quality like
BALF, it would be possible to capture the variation in viral load,
including the “blip”-like phenomena, in more detail. Another lim-
itation is the method of quantification of the virus. It is desirable to
measure a reference material at each measurement to create a
calibration curve for quantitative analysis with the reagent. How-
ever, although LightMix® kit used in this study is for semi-
quantitative use, real-time PCR allows for the calculation of Ct
values, which has been reported to have a strong correlation in
quantification with other tests [20]. Moreover, there are several
reports on the usefulness of the quantitative evaluation of semi-
quantitative Ct values [21,22]. Moreover, considering the time
constraints of the COVID-19 pandemic and the susceptibility to
calibration errors in RNA quantification due to pipetting, it is un-
common making a calibration for each test in the actual clinical
settings. We think it adequately explainable and informative simply
to measure a known reference material and estimated the viral load
of the sample from its Ct value in this study.

Here, we report two cases of transient viral elevation and
symptom relapse after completion of 10 days of favipiravir
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treatment. For patients with risk factors such as older age, high viral
load, long time from onset to initiation of treatment, and under-
lying diseases, one should consider extending the duration of
favipiravir treatment.
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