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A B S T R A C T   

Introduction: Measurement of blood Favipiravir (FPV) levels and accumulation of data in COVID-19 patients are 
critical for assessing FPV efficacy and safety. We performed a retrospective study based on measurements of 
blood levels of FPV and related factors in COVID-19 patients admitted to our hospital. Furthermore, we also 
investigated the association between blood FPV levels and uric acid level alterations before and after FPV 
administration. 
Methods: We enrolled 27 COVID-19 patients who had received FPV treatment at Hokushin General Hospital from 
April 1 to December 31, 2020. Age, gender, COVID-19 severity, presence of comorbidities, and laboratory data 
for each subject were investigated to identify factors that correlate with blood FPV levels. Uric acid levels were 
measured before and after FPV administration and a difference between the levels (i.e., a change of uric acid 
level) was evaluated. 
Results: When a significant univariate variable was input by the stepwise method and a combination of variables 
that maintained statistical superiority was searched, serum ferritin was the only factor that independently 
affected blood FPV level. Furthermore, in the high-FPV group (20 μg/mL or more), a significant increase in uric 
acid levels was observed after FPV administration. The increment value was significantly larger than that in the 
low-FPV group (less than 20 μg/mL). 
Conclusions: Ferritin level was an important independent factor inversely affecting blood FPV level. Furthermore, 
a high blood FPV level induced the elevation of uric acid levels in COVID-19 treatment.   

1. Introduction 

With the continued spread of the coronavirus disease 2019 (COVID- 
19) pandemic, the development of a COVID-19 vaccine and therapeutic 
agents is urgent. Favipiravir (FPV) is a novel influenza therapeutic drug 
that exhibits growth inhibitory activity against the novel severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), an RNA virus that is 
the causative agent of COVID-19. Clinical trials testing the use of FPV for 
the treatment of COVID-19 have been conducted in many countries, 
including Japan, with significantly improved clinical results such as 
fever reduction [1–3]. Additionally, an interim report of a 

non-randomized study of FPV in COVID-19 patients, conducted in 
Russia, stated that the virus-negative rate up to 5 days was significantly 
higher in the FPV-treated group (62.5%) than that in the non-treated 
group (30.0%) [4]. On the other hand, conflicting reports on the lack 
of clinical benefit from FPV have been published [5,6], with some 
stating abnormally low blood FPV levels in critically ill COVID-19 pa-
tients [7]. Therefore, expanding the indication of FPV for COVID-19 
must be carefully considered. 

The pharmacokinetics of FPV is complex and exhibits a non-linear 
time component, along with dose dependence [8]. In clinical trials 
against the Ebola virus, blood FPV levels were lower than expected [9]. 
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Another trial for FPV against severe influenza reported that the 
achievement rate of blood FPV level (trough level) of ≥20 μg/mL was 
<50% [10]. Clearly, low blood FPV levels do not demonstrate sufficient 
efficacy in patients with Ebola or influenza. Pharmacokinetic/pharma-
codynamic data for FPV in the treatment of COVID-19 are currently 
lacking, and thus the measurement of blood FPV levels and accumula-
tion of FPV-related data in COVID-19 patients are very important for 
assessing the efficacy and safety of FPV for this indication [11]. 

To monitor blood FPV levels, we previously developed a rapid, in- 
hospital (i.e., in our facility) method for quantifying blood FPV levels 
in COVID-19 patients [12]. This method consists of an initial pretreat-
ment step using solid-phase extraction (SPE) and a subsequent separa-
tion and detection step using high-performance liquid chromatography 
(HPLC). Interestingly, our previous study showed that FPV selectively 
formed complexes with ferric (Fe3+) and cupric (Cu2+) ions [12]. Based 
on this finding, we speculated that blood FPV levels may be sensitive to 
differences in serum ferritin levels considering that ferritin complexes 
can store Fe3+ ions. Therefore, we performed a retrospective study 
investigating blood (serum) FPV levels and its clinical factors in 
COVID-19 patients admitted to our hospital. Furthermore, considering 
that hyperuricemia is a typical side effect of FPV treatment, we also 
investigated the possible association between blood FPV levels and uric 
acid level alterations before and after FPV administration. 

2. Materials and methods 

2.1. Patients 

We enrolled 27 COVID-19 patients who had received FPV treatment 
at Hokushin General Hospital from April 1 to December 31, 2020. The 
Ethics Committee of the hospital approved the study protocol (Receipt 
No. 2021002). Patients’ blood FPV levels were measured from the re-
sidual serum collected during examination in the hospital. Informed 
consent was provided by all study participants or their families. 

2.2. Chemicals 

FPV was purchased from MedChemExpress Co., Ltd (Monmouth 
Junction, NJ, USA). Normal human serum was obtained from FUJIFILM 
Wako Pure Chemical Corp (Osaka, Japan). Acetonitrile (CH3CN; HPLC 
grade), phosphoric acid (H3PO4; special grade), and 5 mol/L hydro-
chloric acid (HCl) were purchased from Kanto Chemical Co., Inc. 
(Tokyo, Japan). Sterile purified water was purchased from Hikari 
Pharmaceutical Co. (Tokyo, Japan). 

2.3. FPV administration 

Each patient was administered 1,800 mg of FPV twice on Day 1, 
followed by 800 mg twice daily from Days 2–10 (up to Day 14 if 
necessary). FPV was administered orally. 

2.4. Measurement of serum FPV levels 

The detailed method for quantifying blood (serum) FPV levels was 
reported previously (The terms “blood” FPV level and “serum” FPV level 
are interchangeable in this study) [12]. Briefly, a centrifugal 
spin-cartridge (MonoSpinC18, GL Science, Inc., Tokyo, Japan) was used 
for the SPE treatment prior to HPLC analysis of FPV. The solution (or 
patient serum) was passed through the SPE cartridge by centrifugation 
at 5,000 rpm (2,400×g) using a Himac CT15E centrifuge (Koki Holdings, 
Tokyo, Japan). Subsequently, FPV in the serum was partially purified 
and collected in a test tube for HPLC analysis. All HPLC experiments 
were performed using the Chromaster system (Hitachi High-Tech Sci-
ence Corporation, Tokyo, Japan). HPLC separation of FPV in the SPE 
eluates was performed at 30 ◦C in reverse-phase partition mode using a 
C18 stationary phase. Analyte containing FPV (injection volume: 20 μL) 

was eluted with the mobile-phase solvent (0.1% phosphoric acid and 
CH3CN, 95:5, v/v) at a flow rate of 2 mL/min, and FPV in the eluate was 
detected at 325 nm using UV absorbance. Patient sera were filtered 
through a DISMIC 13HP syringe filter (0.45 μm; ADVANTEC, Tokyo, 
Japan) before SPE pretreatment. 

Patient’s residual serum from serum collected for performing other 
tests before FPV oral administration (at trough level) in the morning was 
used for the abovementioned measurement of blood FPV levels. The 
patient’s residual serum was preserved by freezing and measured within 
a month (The stability of the FPV was guaranteed in that storage method 
and period). When multiple measurements of blood FPV levels were 
performed during the oral administration period after reaching a steady- 
state of FPV, the blood FPV level is presented as the mean of multiple 
measurements. 

2.5. Search for factors that affect FPV blood levels 

Age, sex, COVID-19 severity, presence of comorbidities, and labo-
ratory data for each subject were investigated to search for factors 
influencing blood FPV levels. In this study, the COVID-19 severity of 
each subject was classified as mild, moderate, or severe according to the 
Health, Labor and Welfare Ministry’s Guide to the Treatment of COVID- 
19 (Version 4.1, https://www.mhlw.go.jp/content/000712473.pdf). 
The presence or absence of comorbidities was classified based on the 
presence or absence of ≥1 of the following conditions: diabetes, hy-
pertension, cardiovascular disease, chronic lung disease, and immuno-
suppression. Laboratory data (before FPV administration) included 
white blood cell (WBC), alanine transaminase (ALT), C-reactive protein 
(CRP), serum ferritin, D-dimer (μg/mL), serum uric acid, and estimated 
glomerular filtration rate (eGFR). 

2.6. Evaluation of uric acid levels before and after FPV administration 

Based on the parameters suggested by a previous report by Wang 
et al. [10], the subjects were divided into two groups; the first consisted 
of those with blood FPV levels ≥20 μg/mL, and the second of those with 
blood FPV levels <20 μg/mL. Uric acid levels were measured before and 
after FPV administration and the difference between the two (i.e., a 
change in uric acid levels) was evaluated. The uric acid levels before FPV 
administration were measured at the time of first hospital admission. 
Furthermore, when multiple measurements of uric acid levels were 
performed after FPV administration, the level is presented as the mean 
of multiple measurements. 

2.7. Statistical analyses 

Continuous data were reported as the mean ± SD if normally 
distributed and as the median and interquartile range if not normally 
distributed. Linear regression analysis was used to analyze the rela-
tionship of independent variables to blood FPV levels. The values of 
blood FPV levels were log-transformed to fit this model. Stepwise 
multivariate linear regression analysis with significance for entry of 
variables was performed to study the influence of independent variables 
on blood FPV level. For the time-series transition analysis of the uric acid 
levels by FPV blood levels, repeated-measures one-way analysis of 
variance was performed with the uric acid level as the dependent vari-
able and the “before and after FPV administration,” “blood level [high or 
low],” and their interaction terms as the fixed effects. A two-sided p 
value of <0.05 was considered statistically significant. All statistical 
analyses were performed with SPSS for Windows (version 24.0; IBM 
Japan, Tokyo, Japan). 
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3. Results 

3.1. Demographics of COVID-19 patients and their blood FPV levels after 
FPV administration 

Table 1 shows the demographics of the 27 patients and the distri-
bution of the major blood test results (including blood FPV levels). 
Table S1 (Supplementary data) also lists the COVID-19 severities, blood 
FPV trough levels (after FPV administration), and ferritin levels (before 
FPV administration) of all patients. Based on the blood FPV level values 
in Table S1, Table S2 (Supplementary data) shows the patients were 
divided into two groups: low blood FPV level group (with levels less than 
20 μg/mL; n = 6) and high blood FPV level group (with levels of 20 μg/ 
mL or more; n = 21). Furthermore, Table S2 also presents the assorted 
data (median, % (or IQR), and p-value) of each background item 
mentioned above. 

3.2. Correlation between FPV and ferritin levels 

Fig. 1A provides a plot of blood FPV levels and ferritin levels for each 

patient shown in Table S1 (Supplementary data). Table 2 shows the 
results of linear regression analyses with the blood FPV levels subjected 
to logarithmic conversion as the dependent variable. Univariate analysis 
revealed that ALT, CRP, and ferritin correlated significantly with blood 
FPV levels. When significant variables were forced into those univari-
ates, all significance disappeared. Therefore, when a significant uni-
variate variable was input by the stepwise method and a combination of 
variables that maintained statistical superiority was searched, only 
ferritin was found as a factor that independently affected blood FPV 
levels. 

3.3. Correlation between FPV and uric acid levels 

Table S1 (Supplementary data) shows uric acid levels before and 
after FPV administration in each patient, and the change in uric acid 
levels after FPV administration. In addition, a plot of blood FPV levels 
and the change in uric acid level after FPV administration is shown in 
Fig. 1B. Table S3 (Supplementary data) shows the results of linear 
regression analyses with the changes in blood uric acid levels measured 
after FPV administration as the dependent variable. Fig. S1 (Supple-
mentary data) demonstrates the receiver operator characteristic (ROC) 
curve of blood FPV levels for “2.0 mg/dL or more changes in blood uric 
acid levels measured after FPV administration”. 

Table 3 shows the results of the simultaneous evaluation of the dif-
ferences in uric acid level (group factor) and blood FPV levels (inter-
group factor) before and after FPV administration. In the high blood FPV 
level group, there was a significant increase in uric acid levels after FPV 
administration. The magnitude of this increase was significantly larger 
than that in the low blood FPV level group. There was a single exception, 
whereby one patient’s uric acid level did not increase despite this patient 
having a baseline blood FPV level exceeding 20 μg/mL (Table S1, No. 
13). Notably, this patient had been taking febuxostat (40 mg/day) since 
admission. 

4. Discussion 

Two notable findings were obtained from the results described 
above. First, it has become evident that ferritin is an important inde-
pendent factor inversely affecting blood FPV levels in COVID-19 pa-
tients. In the present study, all patients in the low blood FPV level group 
(less than 20 μg/mL) had hyperferritinemia (very high ferritin levels). 
These patients were elderly and had moderate-to-severe COVID-19. 
Their medical states were very similar to those of the patients described 
by Taneri et al. [13]. Furthermore, considering our previous in vitro 

Table 1 
Background for COVID-19 patents treated with FPV (n = 27).  

Variables number or median (% or IQR) 

Gender－no./total no. (%)   
Male 17/27 (63.0) 
Female 10/27 (37.0) 
Median age (IQR) －yr 63 (49, 85) 
Severity of COVID-19－no./total no. (%)  
Mild 6/27 (22.2) 
Moderate 19/27 (70.4) 
Severe 2/27 (7.4) 
Comorbidity－no./total no. (%) 13/27 (48.1) 
Blood levels－median (IQR)   
FPV (μg/mL) 42.1 (22.3, 85.5) 
WBC (/μL) 5400 (4300, 6100) 
ALT (U/L) 21 (13, 34) 
LDH (U/L) 217 (181, 265) 
CRP (mg/dL) 1.2 (0.7, 7.7) 
Ferritin (ng/mL) 242.1 (177.5, 835.3) 
D-dimer (μg/mL) 0.5 (0.2, 1.3) 
Uric acid (mg/dL) 5.0 (4.5, 5.7) 
eGFR (mL/min/1.73m2)－median (IQR) 67.2 (59.0, 84.0) 

Data are presented as number (%) or median (interquartile range; IQR). 
Blood FPV levels were calculated as the mean trough level after reaching a 
steady-state of FPV. 

Fig. 1. Plots of blood FPV levels of all patients (n = 27) against their serum ferritin levels (A), or of blood FPV levels against changes in blood uric acid levels 
measured after FPV administration (B). 
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result demonstrating that FPV is selectively complexed with Fe3+ ions in 
an aqueous buffer (pH 7.4) solution [12], we hypothesized that 
complexation occurs between stored iron-bound ferritin and FPV in the 
blood of COVID-19 patients with hyperferritinemia. We also hypothe-
sized that elevated blood FPV levels (after FPV administration) were 
inversely associated with blood ferritin levels. Interestingly, a previous 
clinical study reported that FPV is ineffective in patients with 
moderate-to-severe COVID-19 and elevated ferritin levels (mean 1367 
ng/mL) [6]. Furthermore, several reports have described extremely low 
blood FPV levels after FPV administration in COVID-19 patients [7,14]. 
In such cases, especially in patients with hyperferritinemia, adjusting 
the FPV dose based on blood FPV level monitoring or switching from 
FPV to another antiviral drug (e.g., remdesivir) may be necessary [15, 
16]. 

Second, most patients in the high blood FPV level group had hy-
peruricemia as a typical side effect (with the exception of one patient 
taking febuxostat 40 mg/day). A previous report showed that the in-
crease in blood uric acid levels caused by FPV is due to the inhibition of 
the Organic Anion Transporters OAT1 and OAT3, which regulate renal 
tubular secretion, enhancing uric acid reabsorption of the FPV metab-
olite M1 via URAT1 and thereby reducing uric acid excretion [17]. In the 
present study, an increase in uric acid level typically was seen in patients 
in the high blood FPV level group after FPV administration, with uric 
acid levels increasing by an average of 4.2 mg/mL (Table 3). Paradox-
ically, if a COVID-19 patient taking FPV does not display symptoms of 
hyperuricemia, it is highly likely that such a patient will have an blood 
FPV level of less than 20 μg/mL. 

Given the EC50 (the 50% effective concentration) of FPV for COVID- 
19 is 61.88 μM (9.72 μg/mL) [10], we hypothesized that blood FPV 
levels of at least 20 μg/mL must be maintained during COVID-19 
treatment with orally administered FPV. Therefore, monitoring blood 
FPV levels (trough levels) will be very important. 

The present study had two limitations. First, this study was a single- 
center study performed at a single hospital, and the number of COVID- 
19 patients with low blood FPV levels (n = 6) was far less than that of 
the patients with high blood FPV levels (n = 21). We believe that more 
comprehensive research involving a larger study population will be 
needed to establish clinically conclusive results on the efficacy and 
safety of FPV against COVID-19. Second, the combination of concomi-
tant medications for COVID-19 treatment at our hospital changed during 
the present study (performed from April 2020 to December 2020). Given 
such major background bias, the efficacy and safety of FPV could not be 
assessed in the present study. However, regarding drug–drug in-
teractions, no patients in this study were concomitantly taking theoph-
ylline, which affects aldehyde oxidase activity. 

In the present study, the practical FPV quantification method we 
developed previously [12] was well applied and easily performed by the 
clinical staff of our hospital, representing little medical or economic 
burden. In the near future, we expect that this method will be utilized 
more widely for therapeutic drug monitoring of blood FPV levels and 
would be clinically useful in assessing COVID-19 treatment with FPV. 
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Table 3 
Comparison of uric acid levels of COVID-19 patients between Low blood FPV level group and High blood FPV level group.   

n Uric acid level (mg/dL) [mean ± SD] p value 

Before FPV administration After FPV administration Change (after administration)  

Low blood FPV level group (less than 20 μg/mL) 6 5.8 ± 1.8 6.6 ± 2.2 0.8 ± 1.3 0.222 
High blood FPV level group (20 μg/mL or more) 19 5.1 ± 1.4 9.3 ± 1.8 4.2 ± 1.5 <0.001 
p value (High vs. Low） 0.321 0.006 <0.001  

For the time-series transition analysis of the uric acid levels by FPV blood levels, repeated-measures one-way analysis of variance was performed with the uric acid level 
as the dependent variable and the “before and after FPV administration,” “blood level [high or low],” and their interaction terms as the fixed effects. 
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