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Abstract. Qingfei Paidu decoction (QFPD) is a Chinese herbal 
medicine newly formulated for the treatment of COVID‑19. 
QFPD significantly enhances the therapeutic effects of stan‑
dard pharmacotherapy in mild to critically ill patients with 
COVID‑19. However, limited information is available on the 
immunological mechanisms underlying the efficacy of QFPD. 
In addition, the feasibility of the prophylactic administration 
of QFPD to uninfected individuals remains unconfirmed. To 
obtain insight into these issues, an open‑label, single‑arm pilot 
study was conducted using 19 healthy uninfected individuals 
as subjects, and the effects of QFPD ingestion at a dose lower 
than that recommended for therapeutic use on hematological 
and immunological parameters were examined. QFPD was 
prepared according to the Chinese official clinical guideline, 
except that the dose of each herb was reduced to 1/30 and 
administered orally to the participants twice daily for 3 days. 
Low‑dose QFPD ingestion significantly increased the plasma 
levels of pro‑inflammatory cytokines, tumor necrosis factor 
(TNF)‑α (P=0.000107), interleukin (IL)‑1β (P=0.000982), 
IL‑18 (P=0.00105), IL‑2 (P=0.0483) and IL‑8 (P=0.000191), 
key mediators of a broad spectrum of antiviral immunity. 
No apparent adverse effects were observed during the trial. 
These findings suggest that the clinical efficacy of QFPD 

against COVID‑19 is, at least in part, associated with its 
immunological activity to mimic the blood cytokine environ‑
ment produced by early antiviral immune responses, which 
are shown to be profoundly suppressed during the early stages 
of COVID‑19. The daily ingestion of low‑dose QFPD may 
thus be a possible option for the prevention of COVID‑19 
during the epidemic. The present study was prospectively 
registered at the University Hospital Medical Information 
Network‑Clinical Trials Registry (UMIN‑CTR) under the 
trial no. UMIN000040341 on May 9, 2020.

Introduction

There is an increasing need for the development of diverse 
prophylactic and therapeutic options against COVID‑19. The 
majority of patients with COVID‑19 have been treated with 
traditional herbal medicine in combination with standard phar‑
macotherapy in China since the outbreak (1‑4). Several newly 
developed herbal formulas were encouraged for the manage‑
ment of COVID‑19 in the latest version of the Diagnosis and 
Treatment Protocol for Novel Coronavirus Pneumonia (Trial 
Version 7) released by the National Health Commission of 
China (5). One of these is Qingfei Paidu decoction (QFPD, 
the Chinese word for ‘lung cleansing and detoxifying decoc‑
tion’). QFPD was formulated specifically for the treatment of 
patients with COVID‑19 and has exhibited satisfactory thera‑
peutic efficacy (6‑10). QFPD administration combined with 
the standard of care has been shown to significantly enhance 
the cure rates and to prevent disease progression in mild to 
critical cases (6‑8). The concomitant administration of QFPD 
and Western medicine to patients with mild to moderate 
disease has been shown to achieve greater improvements in 
blood outcome indicators, such as C‑reactive protein, creatine 
kinase and lactate dehydrogenase (9). The early initiation of 
treatment with QFPD following symptom onset leads to favor‑
able clinical outcomes, such as a more rapid recovery, earlier 
viral clearance and a shorter hospitalization (10).

QFPD contains 21 herbal components optimized for the 
symptoms of COVID‑19. Recent network pharmacological 
studies identified a large number of active natural compounds 
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contained in the herbal ingredients of QFPD, and predicted the 
comprehensive molecular, biological and functional networks 
underlying its pharmacological effects (11‑15). The key active 
compounds include baicalin, glycyrrhizic acid, hesperidin, 
hyperoside, quercetin, glabridin, gallic acid, genistein and 
tectorigenin (11‑15). These compounds interact with a wide 
variety of target proteins closely related to the symptoms 
of COVID‑19, and thereby modulate the complex signaling 
networks involved in immune regulation, anti‑inflammatory 
effects and multi‑organ protection (11‑15). Molecular docking 
analyses have revealed that the several active compounds have 
the potential to directly inhibit SARS‑CoV‑2 infection by 
interfering with host‑virus protein interaction or downregu‑
lating the expression of angiotensin I converting enzyme 2, the 
viral entry receptor (11‑15).

Although the network pharmacological approaches have 
provided in silico predictions on the possible molecular interac‑
tion networks targeted by active chemical compounds (11‑15), 
there is limited information available on the in vivo immuno‑
logical effects of QFPD. Furthermore, the feasibility of QFPD 
application to uninfected individuals for preventive purposes 
remains unconfirmed, despite its notable therapeutic benefits 
against COVID‑19. In the present study, to obtain insight into 
these issues, a pilot study was conducted using uninfected 
individuals as subjects, and whether QFPD ingestion at a 
dose lower than that recommended for therapeutic use affects 
hematological and immunological parameters was examined.

Subjects and methods

Subjects. Participants were recruited through the University 
Hospital Medical Information Network‑Clinical Trials 
Registry (UMIN‑CTR) website, the website of our clinic, 
announcements in an e‑mail newsletter and personal contacts. 
Individuals who met all of the following inclusion criteria 
were enrolled in the trial: Adults between the ages of 20 and 
70, having negative PCR and IgM/IgG antibodies tests for 
SARS‑CoV‑2 at study entry. Individuals were excluded from 
the trial if they met any of the following exclusion criteria: 
Pregnancy; breastfeeding; duplicate enrollment in other 
clinical trials; history of infectious disease within the past 
6 months; current or past history of chronic inflammatory 
diseases, immune‑related diseases, or malignancy; history 
of drug use within the past 6 months; underlying conditions 
associated with a higher risk of infection with COVID‑19, 
including hypertension, cardiovascular disease, cerebrovas‑
cular disease, diabetes, obesity [body mass index (BMI) ≥30], 
chronic obstructive pulmonary disease and chronic kidney 
disease.

The present study was carried out in accordance with The 
Code of Ethics of the World Medical Association (Declaration 
of Helsinki). All procedures were reviewed and approved 
by the Ethics Committees of Takanawa Clinic (approval 
no. 2020‑2). A signed informed consent form was obtained 
from each participant prior to inclusion in this study.

Preparation and administration of QFPD. A total of 21 types 
of traditional Chinese herbs for the QFPD formula were 
purchased from Shanghai Ruisha Comlat Co., Ltd. and mixed 
in accordance with the Chinese official guidelines (5). The 

dose of each herb was reduced to 1/30 on the basis of technical 
advice from herbal medicine specialists, considering possible 
adverse effects, such as palpitations in healthy subjects and 
the feasibility of the long‑term daily use for prophylactic 
purposes. QFPD decoction was prepared immediately prior 
to the first administration. The mixed herbs were soaked in 
600 ml of water for 30 min, simmered gently for 1 h, and 
strained through a tea strainer. The decoction was divided into 
6 aliquots and stored at 4˚C during the trial. All procedures for 
the preparation and delivery of the decoction were performed 
by a specific pharmacy staff of Takanawa clinic to ensure 
quality control. The subjects were instructed to take an aliquot 
of the decoction orally 40 min after breakfast and dinner for 
3 days in accordance with the administration protocol of the 
Chinese official guidelines (5).

Hematological and cytokine analyses. The primary outcome 
measure was changes in the plasma levels of inflamma‑
tion‑related cytokines after 3  days of low‑dose QFPD 
ingestion compared with the baseline levels. The secondary 
outcome measure was changes in hematological parameters 
following low‑dose QFPD ingestion for 3 days compared with 
baseline levels. Peripheral blood samples were obtained from 
each subject at 12 h prior to the first and after the final admin‑
istration of QFPD. Hematological and blood biochemical tests 
were outsourced to SRL, Inc. The concentrations of plasma 
cytokines were measured using the V‑PLEX Proinflammatory 
Panel 1 Human kit (K15049D‑1, Meso Scale Diagnostics) and 
the human interleukin (IL)‑18 ELISA kit (ab215539, Abcam) 
according to the manufacturers' protocols.

Negative control study. An additional negative control study 
(without QFPD ingestion) was conducted 9 months after the 
QFPD trial to exclude the influence of the circadian oscillation 
of blood cytokine levels and the effect of feeding on blood 
cytokine levels. Blood samples were re‑collected with the 
same time schedule as that of the QFPD trial from 13 of the 
18 subjects who had completed the previous QPPD trial, and 
plasma cytokines were measured as described above.

Statistical analysis. No outliers were taken into account, 
and all collected data (n=18) were subjected to statistical 
analysis. The normality of the data was tested using the 
normal quantile‑quantile plots and the Shapiro‑Wilk test. 
On the basis of the results from these normality tests, the 
two‑tailed Wilcoxon signed‑rank test at the significance level 
(α) of 0.05 was employed for the subsequent statistical analysis 
of the data. All statistical analyses were performed using 
EZR version 1.53 (Saitama Medical Center, Jichi Medical 
University, Saitama, Japan), which is a graphical user interface 
for R (The R Foundation for Statistical Computing, Vienna, 
Austria) (16). Post hoc power analysis was performed using 
G*Power version 3.1.9.2 (17).

Results

Participant recruitment began in May  9, 2020 and was 
completed the following day. A total of 19 volunteers were 
screened for eligibility, found to be eligible, and enrolled in 
the trial (Fig. 1). QFPD was administered to all the enrolled 
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participants from May 12 to 14, 2020, of which 1 participant 
was excluded from the main analysis due to an ingestion error. 
Consequently, 18  subjects [5 males and 13  females; aged, 
22‑58 years; mean age (SD), 33.8 (10.7) years] completed the 
intervention, and the data were subjected to statistical analysis.

Marginal changes within reference intervals were found 
in mean corpuscular volume (Z=3.51, P=0.000454, r=0.827), 
mean corpuscular hemoglobin concentration (Z=3.07, 
P=0.00213, r=0.724) and blood urea nitrogen (Z=2.23, 
P=0.0260, r=0.525); however, there were no significant 
differences in other hematological and blood biochemical 
parameters between pre‑ and post‑QFPD ingestion (Table 
I). Notably, low‑dose QFPD ingestion induced significant 
increases in the plasma levels of the pro‑inflammatory cyto‑
kines, tumor necrosis factor (TNF)‑α (Z=3.46, P=0.000107, 
r=0.816), IL‑1β (Z=3.30, P=0.000982, r=0.881), IL‑18 (Z=3.07, 
P=0.00105, r=0.724), IL‑2 (Z=1.98, P=0.0483, r=0.467) and 
IL‑8 (Z=3.38, P=0.000191, r=0.796) (Table I). The levels of 
these cytokines were increased in 16 (88.9%), 14 (77.8%), 
15 (83.3%), 13 (72.2%) and 17 (94.4%) out of the 18 subjects, 
respectively (Fig. 2). These significant changes in the plasma 
cytokine levels were not observed in the negative control 
study without QFPD ingestion (Table II), suggesting that the 
observed cytokine changes were due to the action of QFPD.

An increase was also observed in the interquartile range of 
IL‑6, an exacerbating factor for COVID‑19 (18‑20); however, 
the difference was not statistically significant (Z=1.59, 
P=0.113, r=0.385). Similarly, the median value and the 
interquartile range of the anti‑inflammatory cytokine, IL‑10, 
were increased, although the difference was not statistically 
significant (Z=1.76, P=0.0814, r=0.416) (Table I). No apparent 
adverse effects were observed during the trial.

In addition, post hoc two‑tailed power analysis (signifi‑
cance level, α=0.05; sample size, n=18) was performed and 
statistical powers (1 ‑ β) were obtained of 0.836 (TNF‑α), 0.655 
(IL‑1β), 0.648 (IL‑18), 0.361 (IL‑2) and 0.923 (IL‑8) following 
the completion of the trial.

Discussion

Inflammation is a host defense mechanism against invading 
pathogens. Acute inflammatory responses to the infection of 
single‑stranded RNA (ssRNA) viruses, such as SARS‑CoV‑2 
are triggered by the foreign ssRNA sensors, Toll‑like receptor 
(TLR)7, TLR8 and NLR family pyrin domain containing 3 
(NLRP3) (21,22). TLR7 and TLR8 are expressed mainly in 
dendritic cells and macrophages, and induce the production 
of pro‑inflammatory cytokines such as TNF‑α and IL‑6 

Figure 1. CONSORT flow diagram of the trial.
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in response to viral ssRNA in the endosome (21). NLRP3, 
when it recognizes viral ssRNA in the cytoplasm, activates 
the inflammasome‑mediated processing of pro‑IL‑1β and 
pro‑IL‑18 to release active IL‑1β and IL‑18 (21,23). These 
‘immediate‑early’ cytokines initiate and coordinate a broad 
spectrum of downstream antiviral immune cascades (21‑23). 
In the present study trial, low‑dose QFPD ingestion induced 

significant increases in the levels of TNF‑α, IL‑1β and IL‑18. 
It was therefore speculated that QFPD may partially mimic 
the blood cytokine environment produced by TLR7/8‑ and 
NLRP3‑driven early immune responses to ssRNA viruses.

Since systemic hyperinflammation caused by complex 
immune dysregulation is a hallmark of COVID‑19 (19,20,24), 
the pro‑inflammatory activity of QFPD is apparently contra‑

Table I. Hematological and cytokine changes in subjects administered low‑dose QFPD.

	 Pre	 Post
	 ----------------------------------------------------------	 ----------------------------------------------------------
Test parameter	 Median	 (IQR)	 Median	 (IQR)	 Z	 P‑value	 r

Complete blood count							     
  Red blood cell count (x104/µl)	 459	 (417‑480)	 442	 (417‑482)	 0.610	 0.542	 0.144
  Hemoglobin (g/dl)	 13.7	 (12.6‑14.5)	 13.1	 (12.6‑14.6)	 0.0711	 0.943	 0.0167
  Hematocrit (%)	 41.4	 (38.2‑43.2)	 40.2	 (38.8‑44.6)	 1.26	 0.207	 0.298
  MCV (fl)	 89.7	 (87.6‑93.2)	 90.7	 (88.7‑98.0)	 3.51	 0.000454c	 0.827
  MCH (pg)	 30.1	 (29.6‑31.5)	 30.0	 (29.6‑31.5)	 1.11	 0.265	 0.263
  MCHC (%)	 33.4	 (32.8‑33.8)	 32.7	 (31.7‑33.4)	 3.07	 0.00213b	 0.724
  White blood cell count (/µl)	 5,850	 (5600‑6650)	 5,850	 (5300‑6180)	 1.39	 0.163	 0.329
  Platelet count (x104/µl)	 24.7	 (22.3‑27.1)	 24.2	 (21.7‑26.9)	 1.18	 0.236	 0.279
White blood cell differential							     
  Neutrophils (%)	 57.5	 (54.5‑63.8)	 56.8	 (52.8–60.6)	 0.893	 0.372	 0.210
  Eosinophils (%)	 1.35	 (0.950‑2.43)	 1.20	 (1.00‑2.20)	 0.00	 1.00	 0.00
  Basophils (%)	 0.450	 (0.325‑0.500)	 0.500	 (0.325‑0.650)	 1.17	 0.241	 0.276
  Monocytes (%)	 4.65	 (4.23‑5.70)	 5.15	 (4.13‑6.10)	 0.129	 0.897	 0.0305
  Lymphocytes (%)	 36.5	 (28.5‑37.8)	 35.9	 (32.3‑38.4)	 0.479	 0.632	 0.113
Blood biochemistry							     
  AST (U/l)	 17.0	 (16.0‑20.0)	 18.0	 (16.0‑22.3)	 1.90	 0.0574	 0.448
  ALT (U/l)	 15.5	 (11.0‑22.5)	 15.0	 (12.0‑23.8)	 0.945	 0.345	 0.223
  γ‑GT (U/l)	 19.5	 (14.0‑31.8)	 18.5	 (13.3‑32.8)	 0.699	 0.485	 0.165
  LDH (U/l)	 156	 (137‑163)	 155	 (143‑174)	 1.44	 0.149	 0.340
  Albumin (g/dl)	 4.75	 (4.70‑4.88)	 4.70	 (4.60‑4.88)	 1.17	 0.243	 0.275
  Urea nitrogen (mg/dl)	 13.2	 (12.0‑15.3)	 11.5	 (10.9‑13.6)	 2.23	 0.0260a	 0.525
  HDL‑cholesterol (mg/dl)	 70.0	 (58.3‑75.5)	 67.0	 (60.8‑76.3)	 0.0856	 0.932	 0.0202
  LDL‑cholesterol (mg/dl)	 115	 (75.5‑135)	 111	 (83.3‑136)	 0.590	 0.555	 0.139
  Triglycerides (mg/dl)	 66.5	 (48.5‑122)	 78.5	 (51.3‑116)	 0.174	 0.862	 0.0411
  CRP (mg/dl)	 0.0400	 (0.0225‑0.0500)	 0.0400	 (0.0300‑0.0575)	 1.10	 0.270	 0.260
Cytokines							     
  IFN‑γ (pg/ml)	 2.70	 (1.39‑4.64)	 3.78	 (2.44‑5.43)	 1.46	 0.154	 0.344
  IL‑6 (pg/ml)	 0.443	 (0.225‑0.509)	 0.436	 (0.355‑1.10)	 1.59	 0.113	 0.385
  TNF‑α (pg/ml)	 1.68	 (1.39‑1.87)	 1.95	 (1.65‑2.42)	 3.46	 0.000107c	 0.816
  IL‑1β (pg/ml)	 0.000	 (0.000‑0.000)	 0.156	 (0.0583‑0.333)	 3.30	 0.000982c	 0.881
  IL‑18 (pg/ml)	 98.2	 (71.5‑161)	 149	 (98.8‑267)	 3.07	 0.00105b	 0.724
  IL‑2 (pg/ml)	 0.326	 (0.041‑0.765)	 0.375	 (0.185‑0.785)	 1.98	 0.0483a	 0.467
  IL‑8 (pg/ml)	 92.3	 (22.8‑169)	 344	 (89.8‑834)	 3.38	 0.000191c	 0.796
  IL‑10 (pg/ml)	 0.175	 (0.117‑0.271)	 0.250	 (0.144‑0.318)	 1.76	 0.0814	 0.416

Statistically significant results are shown in bold font (aP<0.05, bP<0.01, cP<0.001). MCV, mean corpuscular volume; MCH, mean corpuscular 
hemoglobin; MCHC, mean corpuscular hemoglobin concentration; AST, aspartate aminotransferase; ALT, alanine aminotransferase; γ‑GT, 
γ‑glutamyltransferase; LDH, lactate dehydrogenase; HDL, high‑density lipoprotein; LDL, low‑density lipoprotein; CRP, C‑reactive protein; 
IFN, interferon; IL, interleukin; TNF, tumor necrosis factor; IQR, interquartile range; Z, test statistic for the Wilcoxon signed‑rank test; r, 
Wilcoxon signed‑rank test effect size.
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dictory to its clinical benefits against COVID‑19. However, 
recent metagenomics studies have highlighted the importance 
of the active TLR7/8‑ and NLRP3‑mediated inflamma‑
tory pathways in anti‑ SARS‑CoV‑2 immunity  (25,26). A 
whole‑exome sequencing by van der Made et al identified 
rare loss‑of‑function variants of the TLR7 gene in severe 
COVID‑19 patients: A 4‑nucleotide deletion and a missense 
variant that cause impaired TLR7‑dependent immune 
signaling  (25). In addition, a comparative transcriptomics 
study by Mick et al demonstrated the suppressed expression of 
genes involved in innate immunity, including pattern recogni‑
tion (TLR8), inflammasome activation (NLRP3 and CASP5) 
and inflammatory IL signaling (IL1A, IL1B, IL18RAP and 
IL1R2), in the upper airways of patients with COVID‑19 (26). 
Intriguingly, IL1B is the most strongly suppressed gene, and 
the NLRP3‑inflammasome and IL‑1 immune pathways are 
particularly non‑responsive to SARS‑CoV‑2 infection early in 
the course of the disease (26). These transcriptional responses 
to SARS‑CoV‑2 lead to impaired neutrophil and macrophage 
recruitment to the upper airway  (26). Collectively, these 
findings suggest that the TLR7/8‑ and NLRP3‑driven inflam‑
matory responses play important protective roles in the early 

stages of COVID‑19. The QFPD‑induced inflammatory tone 
may therefore be effective in preventing SARS‑CoV‑2 infec‑
tion in uninfected individuals.

IL‑2 is a type 1 helper T cytokine with diverse regula‑
tory functions in cellular immunity (27). It stimulates CD8+ 
cytotoxic T lymphocytes, monocytes/macrophages and 
natural killer cells to eliminate virus‑infected cells. IL‑2 
also promotes the differentiation, expansion and stability of 
CD4+CD25+Foxp3+ regulatory T cells that suppress exces‑
sive immune reactions. These opposite functions of IL‑2 
contribute to the maintenance of immune homeostasis. 
IL‑8 is a potent neutrophil chemotactic factor produced by 
macrophages, epithelial cells, airway smooth muscle cells 
and vascular endothelial cells (28). It strongly induces the 
migration of neutrophils to the sites of infection and activates 
phagocytic elimination of invading pathogens and infected 
cells. The activity of low‑dose QFPD to upregulate IL‑2 and 
IL‑8 may therefore be beneficial in terms of its prophylactic 
use. However, excessive IL‑8 is known to be closely associ‑
ated with acute lung injury and acute respiratory distress 
syndrome  (29,30), and detailed dose‑response trials are 
required to ensure the safety.

Table II. Changes in cytokine levels observed in a negative control study (without QFPD administration).

	 Pre	 Post
	 ------------------------------------------------------------------	 ---------------------------------------------------------------
Test item	 Median	 (IQR)	 Median	 (IQR)	 Z	 P‑value	 r

IFN‑γ (pg/ml)	 1.73	 (0.689‑6.34)	 3.83	 (1.29‑7.16)	 0.454	 0.685	 0.126
IL‑6 (pg/ml)	 0.00294	 (0.000949‑1.90)	 1.79	 (0.00943‑1.92)	 1.01	 0.340	 0.281
TNF‑α (pg/ml)	 0.0119	 (0.00653‑1.04)	 0.580	 (0.0165‑0.971)	 0.734	 0.497	 0.204
IL‑1β (pg/ml)	 0.00	 (0.00‑0.0406)	 0.0251	 (0.00‑0.120)	 1.08	 0.263	 0.300
IL‑18 (pg/ml)	 126	 (108‑133)	 85.3	 (78.6‑102)	 1.85	 0.068	 0.514
IL‑2 (pg/ml)	 0.487	 (0.0706‑0.737)	 0.281	 (0.182‑0.595)	 0.943	 0.376	 0.262
IL‑8 (pg/ml)	 133	 (12.7‑263)	 113	 (21.4‑282)	 1.71	 0.094	 0.475
IL‑10 (pg/ml)	 0.134	 (0.0383‑0.275)	 0.143	 (0.0101‑0.345)	 0.734	 0.497	 0.204

IFN, interferon; IL, interleukin; TNF, tumor necrosis factor; IQR, interquartile range; Z, test statistic for the Wilcoxon signed‑rank test; r, 
Wilcoxon signed‑rank test effect size.

Figure 2. Changes in the plasma levels of TNF‑α, IL‑1β, IL‑18, IL‑2, and IL‑8 before and after low‑dose QFPD ingestion. Data (n=18) were analyzed using the 
two‑tailed Wilcoxon signed‑rank test at the significance level (α) of 0.05. Pre, pre‑ingestion (baseline); Post, post‑ingestion; QFPD, Qingfei Paidu decoction; 
TNF, tumor necrosis factor; IL, interleukin.
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In the present study trial, low‑dose QFPD had no signifi‑
cant effects on the plasma levels of IL‑6 and IL‑10. IL‑6 is 
known to be a critical driver of complex immune dysregula‑
tion and systemic hyperinflammation  (18‑20). There is a 
definite positive association between the blood IL‑6 levels, 
and COVID‑19 severity and mortality (31‑33). Similarly, blood 
IL‑10 levels are markedly elevated in patients with severe 
COVID‑19 and are positively associated with disease severity 
and mortality (34‑37). Although IL‑10 has been commonly 
regarded as an immunosuppressive and anti‑inflammatory 
cytokine, there is emerging evidence to indicate that IL‑10 can 
act as an immunostimulatory and pro‑inflammatory cytokine 
in some autoimmune diseases and cancers, which supports the 
hypothesis that IL‑10 may contribute to COVID‑19 progres‑
sion (38). The ineffectiveness of low‑dose QFPD on IL‑6 and 
IL‑10 may therefore be a suitable pharmacological property 
for its prophylactic administration to uninfected individuals.

The main limitations of the present study are the small 
number of participants and the use of uninfected individuals 
as subjects. Further trials with larger cohorts are essential to 
confirm the conclusion and determine generalizability. The 
present study employed uninfected individuals as subjects 
with the aim of testing the feasibility of the daily use for 
prophylactic purposes; however, additional studies are required 
to clarify whether full‑dose QFPD induces similar changes 
in cytokine levels in patients with COVID‑19. The safety of 
long‑term, daily use of low‑dose QFPD also needs to be 
confirmed in future longitudinal follow‑up studies. QFPD was 
administered 40 min after breakfast and dinner for 3 days, and 
blood samples were collected in the evening, 12 h before the 
first administration of QFPD (shown as ‘Pre’ in Fig. 2), and in 
the morning, 12 h after the last administration of QFPD (shown 
as ‘Post’ in Fig. 2). Importantly, there are a large number of 
studies that have reported the circadian oscillation of serum 
cytokine levels (39,40), as well as the effects of feeding on 
serum cytokine levels (41,42). A negative control study without 
QFPD ingestion was also conducted (Table  II); however, 
placebo‑controlled trials are essential to adequately examine 
the immunological efficacy of QFPD.

In conclusion, the findings of the present study suggest that 
low‑dose QFPD may partially mimic the blood inflamma‑
tory tone produced by TLR7/8‑ and NLRP3‑dependent early 
defense responses to ssRNA viruses. Given that the TLR‑ and 
NLRP3‑driven immune pathways are suppressed early in the 
course of COVID‑19, it was hypothesized that QFPD may 
also be effective in reducing the risk of SARS‑CoV‑2 infec‑
tion in uninfected individuals. The daily intake of low‑dose 
QFPD may therefore be a possible option for the prevention 
of COVID‑19 during the pandemic. Careful prescribing is 
required when used in uninfected individuals for preventive 
purposes until a better understanding of the in vivo pharmaco‑
logical actions of QFPD is acquired.
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