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A B S T R A C T   

The aim of this study was to investigate the efficacy and safety of minocycline (MIN) and favipiravir combination 
therapy in patients with coronavirus disease 2019 (COVID-19) admitted to our hospital in Fukui Prefecture, 
Japan, in March and April of 2020. In this retrospective study, a favipiravir monotherapy group (Control group, 
n = 9) was compared with a combined favipiravir plus MIN therapy group (MIN group, n = 12). No severe cases 
were present. The primary comparative endpoints evaluated were duration of fever, duration of hospitalization, 
duration from treatment initiation to severe acute respiratory syndrome coronavirus 2 polymerase chain reaction 
(PCR)-negative results, and changes in cytokine and chemokine production. Median duration from start of 
treatment to negative PCR test was significantly shorter in the MIN group than in the Control group. Mean rates 
of cytokine and chemokine reduction were significantly greater for interleukin-6 and interleukin-8 in the MIN 
group. No difference in adverse event rates were seen between groups, and only minor adverse events were 
encountered. MIN has been reported to have not only broad antibacterial activity, but also antiviral and anti- 
inflammatory activity. The present results support the efficacy and safety of MIN plus favipiravir therapy for 
the treatment of COVID-19.   

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
caused a massive outbreak of coronavirus disease 2019 (COVID-19) in 
Wuhan, China, in December 2019 [1]. The first case in Japan was re-
ported on January 15, 2020 [2]. Due to the subsequent spread of the 
infection, the outbreak in Fukui Prefecture from March to April 2020 
(122 cases) was defined as the first wave [3]. 

To date, remdesivir and baricitinib have been approved for the 
treatment of COVID-19 in Japan [4]. However, these agents had not 
been approved in time for the first wave, and existing antiviral drugs 
including favipiravir (FPV), immunomodulators/immunosuppressants, 
and anticoagulants were therefore used. 

Inflammatory cytokine storm has been noted to occur in COVID-19 
patients, suggesting the possibility of acute respiratory distress syn-
drome and multiple-organ failure [5]. Minocycline (MIN) has been re-
ported to exert anti-inflammatory, immunomodulatory, and antiviral 
effects in addition to its broad antibacterial activity. The possibility of 
antiviral activity against SARS-CoV-2 has also been suggested by several 

researchers [6,7]. The objective of the present study was to investigate 
the efficacy and safety of combination therapy comprising MIN and FPV. 

In our institution, 30 patients with COVID-19 were admitted in the 
first wave. FPV (day 1, 1800 mg BID; after day 2, 800 mg BID, per os) 
was administered to 21 patients, with MIN (100 mg BID, per os) added at 
the discretion of the attending physician due to the possibility of com-
plications from bacterial pneumonia. This study was a retrospective 
comparison of patients who received FPV alone (Control group, n = 9) 
and patients who received FPV plus MIN (MIN group, n = 12). Inflam-
matory cytokine and chemokine production was measured in patients 
for whom blood remnant samples were available on admission and 
before discharge (Control group, n = 5; MIN group, n = 6). We also 
compared duration of fever, duration of hospitalization, and the interval 
between start of treatment and negative results from PCR testing in the 
MIN and Control groups. 

In terms of patient background, median age tended to be higher and 
duration from onset to start of treatment tended to be shorter in the 
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Control group. No severe cases (requiring either admission to the 
intensive care unit or mechanical ventilation) and no deaths were 
encountered. No differences in other clinical parameters or laboratory 
values on admission were evident between groups (Tables 1 and S1). 

COVID-19 was diagnosed from reverse transcription polymerase 
chain reaction (RT-PCR) testing at our hospital or at Fukui Prefectural 
Institute of Public Health and Environmental Science. To detect cytokine 
and chemokine levels in plasma, including tumor necrosis factor α, 
interferon-γ, interleukin (IL)-6, and IL-8, the Human Premixed Multi- 
Analyte Kit (R&D Systems, Minneapolis, MN, USA) was used. 

Statistical analysis was performed using GraphPad Prism version 
9.1.1 software (GraphPad Software, San Diego, CA, USA). Continuous 
variables are presented as median and interquartile range and were 
evaluated using the unpaired t-test (parametric) or Mann-Whitney U test 
(non-parametric). Categorical variables were evaluating using Fisher’s 
exact test. Differences between groups were evaluated using the Wil-
coxon matched-pairs signed-rank test. A two-tailed P value < 0.05 was 
considered a significant result. 

Inflammatory cytokine/chemokine assay showed a significant 
decrease in IL-6 concentration in the MIN group (P = 0.031, Fig. 1). In 
terms of the mean reduction rate of cytokines and chemokines, IL-6 and 
IL-8 were suppressed significantly more in the MIN group than in the 
Control group (P = 0.016 and P = 0.030, respectively; Fig. S1). As 
clinical outcomes, no significant differences were seen in median du-
rations of fever or hospitalization, but the median interval from the start 
of treatment to negative PCR results was significantly shorter in the MIN 
group (P = 0.017, Table 1). Although there was no significant difference 
in the types of symptoms and their duration, dyspnea and low appetite 
were slightly more common in the control group, and one patient still 
had residual dyspnea at the time of discharge. As for the course of 
symptoms, nasal discharge and headache were rather slightly longer in 
the MIN group. Since only approximately 40% of the patients in both 
groups were followed up with imaging studies, the overall trend was 
unclear, but the percentage of patients who were completely improved 
was slightly higher in the MIN group, although the difference was not 
significant (Table 2). Adverse events were minor in both groups and 
rates did not differ significantly between groups (Table S2). 

In normal times, the use of antimicrobial agents for viral infections is 
not recommended clinically in view of antimicrobial overuse. However, 
during the COVID-19 epidemic, several antimicrobial agents have been 
focused on as repurposing drugs for their antiviral and anti- 
inflammatory effects. There are multiple therapeutic targets for SARS- 
CoV-2, among which RNA-dependent RNA polymerase (RdRp) and 
main protease (Mpro) are involved in transcription and replication of the 
viral genome [8]. FVP inhibited RdRp of SARS-CoV-2 and resulted in 

higher viral shedding at 14 days post-hospitalization compared to the 
control group, although the difference was not significant [9]. MIN 
shows potential antiviral activity by inhibiting the SARS-CoV-2 Mpro and 
may be effective against COVID-19 [10]. In this study, the duration of 
PCR negative conversion was shorter in the MIN group than in the 
Control group with FPV alone. It is possible that the combination of FVP 
and MIN, which have different virus-inhibitory mechanisms, increased 
viral clearance. However, more patients in the MIN group were younger 
than 65 years. People older than 65 years are known to be at risk for 
severe disease, and the older the person, the higher the mortality rate. 
We have found some conflicting literature, one reporting that older age 
is a factor in slower viral clearance [11] and others that age has no effect 
on viral clearance [12,13]. At this point, we judge the results to be 
inconclusive, however, aging is thought to cause a decline in immunity 
[12], which may affect viral shedding. 

In addition, a previous study reported MIN suppresses inflammatory 
cytokine and chemokine production by inhibiting inhibitor of nuclear 
factor kappa B-α/β in the Toll-like receptor (TLR)-4 pathway [14]. 
Upregulation of the TLR-4 pathway is reportedly observed in COVID-19 
patients [15]. MIN administration may thus inhibit the production of 
inflammatory cytokines in COVID-19 patients, helping to prevent severe 
disease. 

Regarding the course of symptoms, the MIN group tended to have 
less dyspnea and anorexia, although this was not significantly different, 
and there was no difference in cough or sputum. Only about 40% of the 
patients had follow-up imaging studies for pneumonia, and although 
there was a slight tendency toward complete improvement in the MIN 
group, there was a trend toward improvement in all of the imaging 
studies followed, with no significant differences. More samples and 
follow-up rates will be needed to understand the overall trend. 

There are several limitations to this study. First, this was a non- 
randomized, single-center, retrospective study of a small cohort and 
the number of samples available to measure the production of inflam-
matory cytokines and chemokines was limited. Second, the attending 
physician decided on the treatment plan in a collegial manner with a 
team of two or more people, but that selection bias could not be ruled 
out. 

In summary, MIN plus FPV therapy may be an effective and safe 
treatment for COVID-19, but the results should be validated in further 
studies with a larger cohort and a randomized design. 
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Fig. 1. Plasma concentration of inflammatory cytokine/chemokine levels in COVID-19 patients who received favipiravir with or without minocycline. Sample size 
was 6 for the MIN group and 5 for the control group. Horizontal bars represent median values. Statistical significance was only tested between values on admission 
(acute) and before discharge (convalescent) in the Control group and MIN group. However, for IFN-γ, IL-6, and IL-8, only the MIN group was tested because they were 
clearly elevated in the convalescent phase in the control group. *Values of P < 0.05 were deemed significant. IFN-γ, interferon-gamma; IL, interleukin; MIN, 
minocycline; TNF-α, tumor necrosis factor alpha. 
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Table 1 
Characteristics of patients in the minocycline and control groups.  

Variable Minocycline 
group (n = 12) 

Control group 
(n = 9) 

P 
value 

Demographic parameters 
Age, years (median, IQR) 54.0 (51.0–58.3) 67.0 

(64.0–72.0) 
0.012* 

≥65 (n, %) 2 (16.7%) 6 (66.7%)  
<65 (n, %) 10 (83.3%) 3 (33.3%) 0.032* 
Sex (male, n, %) 7 (58.3%) 5 (55.6%) 1.000 
Body mass index, kg/m2 

(median, IQR) 
22.8 (21.6–24.3) 25.0 

(23.2–27.4) 
0.079 

Clinical parameters 
Highest temperature, ◦C 
(median, IQR) 

38.3 (37.5–38.6) 38.3 
(38.0–38.8) 

0.950 

Heart rate, beats/min (median, 
IQR) 

81 (73–93) 75 (72–96) 0.910 

Respiratory rate, breaths/min 
(median, IQR) 

15 (14–18) 16 (13–19) 0.654 

Systolic blood pressure, mmHg 
(median, IQR) 

120 (109–129) 124 
(120–130) 

0.403 

Oxygen support (n, %) 1 (8.3%) 2 (22.2%) 0.553 
Duration from first symptoms to 

diagnosis, days (median, IQR) 
5.0 (3.5–5.0) 3.0 (1.0–4.3) 0.161 

Duration from first symptoms to 
admission, days (median, IQR) 

6.0 (3.5–7.0) 4.0 (1.8–6.0) 0.182 

Underlying diseases (n, %) 6 (50.0%) 6 (66.7%) 0.661 
Cardiovascular disease (n, %) 4 (33.3%) 5 (55.6%) 0.396 
Diabetes mellitus (n, %) 1 (8.3%) 4 (44.4%) 0.119 
Endocrine disease (n, %) 3 (25.0%) 0 0.229 
Chronic kidney disease (n, %) 0 0  
Chronic obstructive pulmonary 
disease (n, %) 

0 0  

Cancer (n, %) 0 0  
Chest imaging findings, infiltrate 

and/or ground-glass opacity (n, 
%) 

11 (91.7%) 9 (100.0%) 1.000 

Treatment 
Duration from first symptoms to 
therapy†, days (median, IQR) 

8.5 (6.8–9.3) 4.5 (1.8–7.0) 0.010* 

Duration of favipiravir 
administration, days (median, 
IQR) 

13.0 (10.0–14.0) 11.0 
(10.0–14.0) 

0.566 

Duration from admission to 
minocycline therapy, days 
(median, IQR) 

0 (0–0) –  

Duration of minocycline 
administration, days (median, 
IQR) 

14.0 (12.8–15.3) –  

Clinical outcomes 
Duration of fever, days (median, 
IQR) 

2.0 (0–5.0) 3.0 (2.0–5.0) 0.903 

Duration from start of therapy†
to viral RT-PCR negative result, 
days (median, IQR) 

14.0 (12.0–14.0) 17.0 
(15.0–20.0) 

0.017* 

Hospital stay, days (median, 
IQR) 

19.0 (17.0–22.8) 22.0 
(19.0–32.0) 

0.120 

Mortality (n, %) 0 0  

†Favipiravir with or without minocycline therapy. 
*Values of P < 0.05 were deemed significant. 
IQR, interquartile range. 

Table 2 
Course of symptoms and chest imaging findings of patients in the minocycline 
and control groups.  

Variable Minocycline 
group (n = 12) 

Control 
group (n = 9) 

P 
value 

Symptoms in clinical course† (n, %) 12 (100.0%) 9 (100.0%) 1.000 
Fever (n, %) 8 (66.7%) 8 (88.9%) 0.338 
Dyspnea (n, %) 0 2 (22.2%) 0.171 
Cough (n, %) 10 (83.3%) 6 (66.7%) 0.611 
Sputum (n, %) 5 (41.7%) 5 (55.6%) 0.670 
General malaise (n, %) 8 (66.7%) 6 (66.7%) 1.000 
Nasal discharge (n, %) 4 (33.3%) 1 (11.1%) 0.338 
Sore throat (n, %) 3 (25.0%) 3 (33.3%) 1.000 
Headache (n, %) 5 (41.7%) 2 (22.2%) 0.642 
Diarrhea (n, %) 5 (41.7%) 6 (66.7%) 0.387 
Low appetite (n, %) 5 (41.7%) 7 (77.8%) 0.184 
Taste and smell disorder (n, %) 6 (50.0%) 4 (44.4%) 1.000 
Myalgia (n, %) 3 (25.0%) 1 (11.1%) 0.603 

Duration of symptoms during hospitalization 
Dyspnea, days (median, IQR) 0 (0–0) 0 (0–0) 0.236 
Cough, days (median, IQR) 5.0 (2.0–8.0) 7.0 (0–11.0) 0.545 
Sputum, days (median, IQR) 0 (0–4.5) 1.0 (0–2.0) 0.971 
General malaise, days (median, 
IQR) 

1.0 (0–8.5) 4.0 (0–7.0) 0.836 

Nasal discharge, days (median, 
IQR) 

0 (0–1.0) 0 (0–0) 0.067 

Sore throat, days (median, IQR) 0 (0–0.5) 0 (0–1.0) 0.640 
Headache, days (median, IQR) 0 (0–4.8) 0 (0–0) 0.079 
Diarrhea, days (median, IQR) 0 (0–0.3) 1.0 (0–1.0) 0.255 
Low appetite, days (median, IQR) 0 (0–7.0) 4.0 (0–7.0) 0.715 
Taste and smell disorder, days 
(median, IQR) 

1.5 (0–7.3) 0 (0–4.0) 0.166 

Myalgia, days (median, IQR) 0 (0–0.3) 0 (0–0) 0.332 
Chest imaging findings in acute 

phase, infiltrate and/or ground- 
glass opacity (n, %) 

11 (91.7%) 9 (100.0%) 1.000 

Chest imaging findings in convalescent phase 
Imaging tests available (n, %) 5 (41.7%) 4 (44.4%) 1.000 
Complete improvement (n, %) 3/5 (60.0%) 1/4 (25.0%) 0.524 
Partial improvement (n, %) 2/5 (40.0%) 3/4 (75.0%) 0.524 

†Symptoms at onset and during hospitalization. 
*Values of P < 0.05 were deemed significant. 
IQR, interquartile range. 
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