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Abstract

Hantaviruses are enveloped, negative-sense RNA viruses maintained in rodent
reservoirs and responsible for two severe human diseases: Hemorrhagic Fever with
Renal Syndrome (HFRS) and Hantavirus Cardiopulmonary Syndrome (HCPS). Despite
extensive virological and epidemiological research, no licensed vaccines or specific
antiviral therapies exist. Recent outbreaks, including a mass infection event on a cruise
ship, underscore the urgent need for effective treatments. This short communication
summarizes current antiviral strategies and explores drug repurposing and traditional
herbal medicines as practical therapeutic options. Ribavirin and favipiravir have
demonstrated protective effects in in vitro and in vivo models, although their efficacy is
limited by timing of administration. Additional candidates include statins, which restrict
hantavirus infection by inhibiting cholesterol synthesis, and benidipine hydrochloride,
which blocks viral entry. Phytochemicals identified through in silico screening—such as
limonin, luteolin, baicalin, quercetin, kaempferol, and glabridin—are present in Kampo
medicines including Keigai-rengyo-to (KRT) and Seijo-bofu-to (SBT). These
formulations, widely used in Japan, may offer antiviral effects due to their bioactive
components. Collectively, existing evidence suggests that repurposed pharmaceuticals
and Kampo-based phytochemicals represent promising therapeutic avenues, warranting

further validation through controlled clinical trials.
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Hantaviruses are enveloped, negative-sense, single-stranded RNA viruses of the
family Hantaviridae, maintained in nature through persistent infections in rodent
reservoirs. First recognized as a cause of human disease during the Korean War in the
early 1950s, hantaviruses are now known to be globally distributed, with distinct viral
lineages associated with specific rodent hosts. Their tripartite genome consists of the S,
M, and L segments, encoding the nucleocapsid (N) protein, glycoproteins Gn/Ge, and
the RNA-dependent RNA polymerase, respectively. Structural studies indicate that the
N protein forms flexible ribonucleoprotein complexes essential for genome
stabilization, while Gn/Gc spikes mediate host cell entry and represent potential
antiviral targets [1]. Hantaviruses are broadly categorized into Old World and New
World groups. Old World viruses such as Hantaan virus (HTNV), Seoul virus (SEOV),
Dobrava—Belgrade virus (DOBV), and Puumala virus (PUUV) cause Hemorrhagic
Fever with Renal Syndrome (HFRS), prevalent in Europe and Asia. PUUV typically
induces mild nephropathia epidemica, whereas HTNV and DOBV are associated with
more severe disease. New World hantaviruses, including Sin Nombre virus (SNV) and
Andes virus (ANDV), cause Hantavirus Cardiopulmonary Syndrome (HCPS), a rapidly
progressive respiratory illness with mortality often exceeding 30%. Notably, ANDV is
the only hantavirus with confirmed person-to-person transmission [2]. Human infection
occurs mainly through inhalation of aerosolized rodent excreta. Environmental factors
such as climate variability, rodent population dynamics, and human encroachment
strongly influence outbreak patterns. HFRS typically progresses through febrile,

hypotensive, oliguric, diuretic, and convalescent phases, with renal dysfunction as the
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hallmark. HCPS begins with nonspecific febrile symptoms but rapidly advances to
pulmonary edema and cardiogenic shock due to immune-mediated endothelial
dysfunction rather than direct viral cytopathicity. Diagnosis relies on serology (IgM/IgG
ELISA), PCR detection of viral RNA, and immunohistochemistry in severe cases. The
N protein serves as a major antigenic target for diagnostic assays. Despite advances in
molecular virology and epidemiology, no licensed vaccines or specific antiviral
therapies are currently available, highlighting the need for continued research into viral
pathogenesis and ecological drivers of transmission [3]. Recently, the first mass
outbreak of hantavirus occurred on a cruise ship, with fatalities already reported;
therefore, the development of a treatment is an urgent priority. Given the laborious,
time-consuming, and costly nature of antiviral drug development, repurposing existing

licensed drugs and traditional herbal medicines may offer a practical alternative.

Ribavirin has been shown to inhibit HTNV replication in vitro [4]. Moreover,
when administered to suckling mice after the onset of clinical signs, ribavirin reduced
viral load and lethality by 45% compared with control animals [5]. A clinical trial of
ribavirin for HFRS demonstrated that morbidity and mortality were both significantly
reduced, confirming efficacy when administered post-exposure [6]. Regarding
favipiravir, twice-daily oral administration of 100 mg/kg/day resulted in 100% survival
and reduced detection of ANDV RNA in the blood, as well as ANDV RNA and antigen
in the lung. Consistent with other studies, delayed antiviral treatment after the onset of

viremia was not protective in the ANDV/hamster model [7].



Cholesterol 25-hydroxylase (CH25H), an interferon-stimulated gene product, is induced
during hantavirus infection. CH25H converts cholesterol into 25-hydroxycholesterol
(25HC). Dang et al. demonstrated that 25HC restricts hantavirus infection by
downregulating HMG-CoA reductase and disrupting cholesterol synthesis. Therefore,
statins, which inhibit HMG-CoA reductase, are thought to restrict hantavirus infection
[8]. Wang et al. demonstrated that benidipine hydrochloride, a calcium channel blocker,

inhibits hantavirus entry in vitro [9].

Regarding traditional herbal medicines, Wen et al. demonstrated that cepharanthine
inhibits HTNV entry by blocking glycoprotein-mediated membrane fusion and
suppressing early post-binding steps essential for successful viral internalization [10].
Nair’s study identified the hantavirus nucleocapsid proteins (PDB ID: SE04 and 5E05)
as docking targets, leading to the identification of phytochemicals such as limonin,
curcumin, luteolin, rutin, baicalin, quercetin, resveratrol, kaempferol, naringenin,
atropine, 4-hydroxycoumarin, colchicine, thymoquinone, glabridin, hypericin, and
lycorine as potential anti-hantaviral agents [11]. Limonin is a phytochemical contained
in Aurantii Fructus Immaturus, an herbal ingredient used in the Kampo medicines
(KMs) Keigai-rengyo-to (KRT), Seijo-bofu-to (SBT), and others. Luteolin is a
phytochemical found in Scutellaria baicalensis and Schizonepetae Spica, which are
used in KRT, SBT, and other formulas. Rutin is a phytochemical contained in
Forsythiae Fructus, used in KRT, SBT, and others. Baicalin is found in Scutellaria

baicalensis, used in KRT, SBT, Sho-saiko-to (SST), Saiko-keishi-to (SKT), and others.



Quercetin is found in Scutellaria baicalensis and Forsythiae Fructus, used in KRT,
SBT, and others. Kaempferol is found in Scutellaria baicalensis, used in KRT, SBT,
SST, SKT, and others. Naringenin is contained in Aurantii Fructus Immaturus, used in
KRT, SBT, and others. Glabridin is a phytochemical found in Glycyrrhizae Radix, used
in KRT, SBT, Kakkon-to (KT), SST, SKT, and others. Collectively, these findings
suggest that KRT and SBT may be particularly effective against hantavirus infection. In
practice, treatment with KRT or SBT has been proposed for viral infections such as
dengue fever [12]. KMs are traditional Japanese medicines derived from traditional
Chinese medicine. Approximately 150 KMs are commercially available in Japan. They
are inexpensive and widely prescribed for conditions including the common cold,
pulmonary and hepatic diseases, urological disorders, menopausal symptoms, skin
eruptions, and dementia. As noted above, KMs primarily consist of plant-derived
ingredients. For example, SST contains Scutellariae Radix, Glycyrrhizae Radix,
Ziziphus jujuba, Panax ginseng, Bupleurum Radix, Pinelliae Tuber, and Zingiberis
Rhizoma (Table 1). Clinicians in Japan prescribe KRT for patients with chronic-phase
rhinitis, sinusitis, and acne, whereas SBT is prescribed for acute-phase acne. KRT and
SBT share many herbal ingredients (Table 1). KRT contains 1.5 g of Scutellariae Radix
(vs. 2.5 gin SBT), 1.5 g of Aurantii Fructus Immaturus (vs. 1.0 g in SBT), 1.5 g of
Forsythiae Fructus (vs. 2.5 g in SBT), and 1.5 g of Schizonepetae Spica (vs. 1.0 g in

SBT). These quantitative differences may influence their relative antiviral potential.



Considering the potential synergistic effects of these drugs, multidrug treatment
using the aforementioned agents may offer substantial therapeutic benefit. However,
clinical trials are required to determine optimal dosing, treatment duration, efficacy, and

tolerability before such therapy can be recommended for broader clinical use.
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Japanese names in roman characters (Chinese name for Pinyin)

JP: The Japanese Pharmacopoeia Ingredients and daily dosage

Kakkon-to (Ge Gen Tang) JP Puerariae Radix 4.0 g, JP Ziziphus jujuba 3.0 g,

JP Ephedra Herba 3.0 g, JP Glycyrrhiza Radix 2.0 g, JP Cinnamomi Cortex 2.0 g,

JP Paeoniae Radix 2.0 g, JP Zingiberis Rhizoma 2.0 g

Sho-saiko-to (Xiao Chai Hu Tang) JP Bupleurum Radix 7.0 g, JP Pinellia Tuber 5.0 g,

JP Scutellariae Radix 3.0, JP Ziziphus jujuba 3.0 g, JP Panax ginseng 3.0 g,

JP Glycyrrhiza Radix 2.0g, JP Zingiberis Rhizoma 1.0 g

Saiko-keishi-to (Chai Hu Gui Zhi Tang ) JP Bupleurum Radix 5.0 g, JP Pinellia Tuber 4.0 g,

JP Scutellariae Radix 2.0 g, JP Ziziphus jujuba 2.0 g, JP Panax ginseng 2.0 g,

JP Glycyrrhiza Radix 2.0g, JP Zingiberis Rhizoma 1.0 g, JP Cinnamomi Cortex 2.0 g,

JP Paeoniae Radix 2.0 g

Keigai-rengyo-to (Jing Jie Lian Qiao Tang) JP Scutellariae Radix1.5 g, JP Schizonepetae Spica 1.5g,

JP Forsythiae Fructus 1.5 g, JP Coptidis Rhizoma 1.5 g, JP Platycodi Radix 1.5 g,

JP Aurantii Fructus Immaturus 1.5 g, JP Bupleurum Radix 1.5 g, JP Gardeniae Fructus 1.5 g,

JP Rehmanniae Radix 1.5 g, JP Menthae Herba 1.5 g, JP Paeoniae Radix 1.5 g,

JP Cnidii Rhizome 1.5 g, JP Angelicae Acutilobase Radix 1.5 g, JP Angelicae Dahuricae Radix 1.5 g,

JP Phellodendri Cortex1.5 g, JP Glycyrrhiza Radix 1.0 g, JP Saposhinikoviae Radix 1.5g




Seijo-bofu-to (Quing Shang Fang Feng Tang) JP Scutellariae Radix 2.5 g,

JP Schizonepetae Spica 1.0 g, JP Forsythiae Fructus 2.5 g, JP Coptidis Rhizoma 1.0 g,

JP Platycodi Radix 2.5 g, JP Aurantii Fructus Immaturus 1.0 g, JP Gardeniae Fructus 2.5 g,
JP Cnidii Rhizome 2.5 g, JP Menthae Herba 1.0 g, JP Saposhinikoviae Radix 2.5 g,

JP Glycyrrhiza Radix 1.0 g, JP Angelicae Dahuricae Radix 2.5 g

Table 1
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