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Abstract 

Mayaro virus (MAYV) is an emerging alphavirus first identified in Trinidad and 

now found mainly in the Amazon basin of Brazil, Peru, Bolivia, and Venezuela. 

Occasional imported cases in Europe and North America raise concern that 

MAYV could spread similarly to chikungunya or Zika. The virus circulates in a 

sylvatic cycle involving Haemagogus mosquitoes and non-human primates, but 

experimental evidence indicates that Aedes aegypti and Aedes albopictus could 

act as competent urban vectors. Clinically, infection causes acute fever, 

myalgia, rash, and prominent arthralgia, with chronic or relapsing joint 

symptoms frequently lasting months or years. Diagnosis relies on RT-PCR in 

early infection or serology later, requiring differentiation from dengue, 

chikungunya, and Zika. No specific antiviral exists: ribavirin is ineffective, and 

favipiravir works only when given before or at infection onset. Management is 

supportive, and several vaccine platforms remain experimental. Phytochemicals 

such as Epigallocatechin gallate, quercetin, naringin, naringenin, epicatechin, 

proanthocyanidin, and rosmarinic acid show in vitro or in silico anti-MAYV 

activity. These compounds are present in Japanese Kampo medicines, which 

may warrant further investigation in formal preclinical and clinical studies. 
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Mayaro virus (MAYV) is an emerging arthropod-borne virus (arbovirus) of 

the genus Alphavirus (family Togaviridae), closely related to chikungunya virus. 

Human infection was first described in Trinidad in the 1950s, and most 

documented cases originate from tropical regions of South America, particularly 

the Amazon basin in Brazil, Peru, Bolivia, and Venezuela. Sporadic imported 

cases have been reported in travelers returning to Europe and North America, 

raising concern that MAYV could expand geographically in a manner similar to 

chikungunya and Zika viruses. The virus is primarily maintained in a sylvatic 

cycle involving Haemagogus mosquitoes and non-human primates, but 

experimental data suggest that Aedes aegypti and Aedes albopictus could 

serve as competent urban vectors, increasing the risk of urban outbreaks [1]. 

MAYV is an enveloped virus with a positive-sense, single-stranded RNA 

genome of approximately 11.5 kb. The genome encodes four non-structural 

proteins (nsP1–nsP4) and five structural proteins (C, E3, E2, 6K, and E1). nsP1 

is involved in capping of viral RNA and participates in the formation of the 

replication complex together with nsP2–nsP4, which mediate RNA synthesis 

and antagonize host innate immunity. The E1 and E2 glycoproteins form 

heterodimers that assemble into trimeric spikes on the virion surface; E2 

mediates receptor binding, whereas E1 is the class II fusion protein responsible 

for membrane fusion in the acidic environment of endosomes. These structural 

proteins are major targets for neutralizing antibodies and are central to vaccine 
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design (viral fusion proteins) [2]. Clinically, Mayaro fever is typically an acute, 

self-limited illness characterized by sudden onset of high fever, headache, 

myalgia, rash, and prominent arthralgia. The acute phase usually lasts 3–7 

days, but a hallmark of MAYV infection is the frequent occurrence of persistent 

or relapsing arthralgia and arthritis, which can last for months or even years and 

resemble post-chikungunya chronic inflammatory arthropathy. Most infections 

are non-fatal, and severe complications such as neurological disease are rare 

but have been reported. Laboratory findings are nonspecific, and diagnosis 

relies on RT-PCR in the acute phase or serology (ELISA, PRNT) thereafter, 

with careful differentiation from other co-circulating arboviruses such as dengue, 

chikungunya, and Zika [1].  

There is currently no specific antiviral agent for MAYV infection. Recently, 

ribavirin was reported to show no meaningful inhibition of MAYV replication. 

Favipiravir effectively reduced viral RNA and infectious titers only when added 

before or at the moment of infection. Its activity rapidly disappeared after 

post-infection addition, indicating a strict requirement for early-stage 

intervention during the onset of viral RNA synthesis in Vero cells [3]. At present, 

management is supportive, focusing on analgesics and anti-inflammatory drugs 

for fever and joint pain. No licensed vaccine is available, although several 

vaccine platforms (live attenuated, chimeric alphavirus, viral-vectored, and 

mRNA candidates) have shown promising immunogenicity and protection in 
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preclinical models. Despite its epidemic potential and the burden of chronic 

arthralgia, MAYV remains a neglected tropical infection, with limited 

surveillance, underdiagnosis, and scarce funding for research and vaccine 

development. Strengthening vector control, improving diagnostic capacity, and 

advancing vaccine and antiviral research are critical to prevent MAYV from 

becoming the next large-scale arboviral threat [1]. 

In addition to licensed agents such as favipiravir, herbal medicines 

containing phytochemicals may offer practical therapeutic alternatives. 

Epigallocatechin gallate (EGCG) shows in vitro inhibition of entry and RNA 

replication of MAYV, while proposed effects on late stages, including assembly 

and release, derive mainly from in silico docking analyses suggesting EGCG 

interactions with structural proteins E1 and E2 [4]. In vitro studies demonstrated 

that quercetin inhibits MAYV production in Vero cells, displaying a stronger 

antiviral effect than ribavirin [5]. In silico studies suggested that naringin has the 

highest affinity for the nsP2 protease of MAYV, indicating its potential as a viral 

inhibitor [6]. Similarly, naringenin exhibits anti-MAYV activity in an image-based 

high-throughput screening (iHTS) system; notably, post-infection treatment 

markedly reduces the proportion of infected cells and the release of infectious 

viral particles [7]. Epicatechin shows strong in vitro suppression of MAYV 

replication and protects infected cells from virus-induced damage [8]. 

Proanthocyanidin, a dimer composed of methylepigallocatechin and 
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epicatechin, directly inactivates MAYV particles, blocks adsorption and 

internalization, and markedly suppresses viral production across infection 

stages, producing strong virucidal effects without acting on host cells [9]. 

Rosmarinic acid exhibits relevant antiviral activity against MAYV, low 

cytotoxicity, and predominant action during the initial phases of replication [10]. 

Many of these phytochemicals are components of plant-derived ingredients 

used in Japanese Kampo medicines (KMs). For example, quercetin is extracted 

from Forsythia Fructus; EGCG and epicatechin from Camellia Sinensis Folium; 

naringin from Aurantii Fructus Immaturus and Aurantia Nobilis Pericarpium; 

naringenin is formed after ingestion when naringin is hydrolyzed by intestinal 

enzymes; proanthocyanidin from Cinnamomi Cortex; and rosmarinic acid from 

Menthae Herba and Schizonepetae Spica . 

In Japan, the national insurance system allows clinicians to prescribe KMs 

efficiently and at low cost. Approximately 150 KMs are commercially available, 

and they are widely prescribed for conditions such as the common cold, 

pulmonary and hepatic diseases, urological and dermatologic disorders, 

menopausal symptoms, and dementia. As mentioned above, KMs primarily 

consist of plant-derived ingredients, including Scutellariae Radix, Ziziphus 

jujuba, Glycyrrhiza Radix, Forsythia Fructus, Camellia Sinensis Folium, 

Schizonepetae Spica, and Panax ginseng. For example, Saiko-keshi-to (SKT) 

contains Bupleurum Radix, Pinellia Tuber, Scutellariae Radix, Ziziphus jujuba, 
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Panax ginseng, Glycyrrhiza Radix, Zingiberis Rhizoma, Cinnamomi Cortex, and 

Paeoniae Radix (Table 1). During the COVID-19 pandemic, KMs—including 

Kakkon-to (KT), Sho-saiko-to (SST), Sho-saiko-to-ka-kikyo-sekko (SSTKS), 

SKT, and Keigai-rengyo-to (KRT)—were used clinically, with or without 

concomitant minocycline [11–14]. Considering their antiviral and 

anti-inflammatory properties, KT, SST, SSTKS, SKT, KRT, and Seijo-bofu-to 

(SBT) have been used or proposed as potential treatments for influenza, 

monkeypox, severe fever with thrombocytopenia syndrome, Crimean–Congo 

hemorrhagic fever, dengue fever, chikungunya virus infection, Zika virus 

infection, and respiratory syncytial virus (RSV) infection [15–22]. According to 

Table 1, Senkyu-chacho-san (SCS) contains Schizonepetae Spica, Menthae 

Herba, and Camellia Sinensis Folium. Moreover, both KRT and SBT contain 

Forsythia Fructus, Schizonepetae Spica, Menthae Herba, and Aurantii Fructus 

Immaturus. Taken together, KRT and SBT may have greater therapeutic 

potential against MAYV, and SCS may also have potential efficacy. Clinicians in 

Japan typically prescribe SCS for the common cold and menopausal symptoms; 

KRT for chronic-phase rhinitis, sinusitis, and acne; and SBT for acute-phase 

acne. KRT contains 1.5 g of Forsythia Fructus (vs. 2.5 g in SBT), 1.5 g of 

Schizonepetae Spica (vs. 1.0 g in SBT), 1.5 g of Menthae Herba (vs. 1.0 g in 

SBT), and 1.5 g of Aurantii Fructus Immaturus (vs. 1.0 g in SBT) (Table 1). 

These quantitative differences may influence their relative antiviral potential. 
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In any case, in vitro, in vivo, and clinical studies are required to establish 

the safety and therapeutic efficacy of KMs before they can be officially approved 

for MAYV treatment. Once the efficacy of KMs is confirmed, a combination of 

KM and non-KM agents including favipiravir may offer substantial therapeutic 

benefit. 

Funding: No funding 

Declaration of interest: The authors have no conflicts of interest associated with 

this article.  
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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 

Senkyu-chacho-san (Chuan Qiong Cha Tiao San)  JP Cyperi Rhizoma 4.0 g,                   

JP Cnidii Rhizoma 3.0 g, JP Notopterygii Rhizoma 2.0 g, JP Schizonepetae spica 2.0 g,              

JP Menthae Herba 2.0 g, JP Angelicae Dahuricae Radix 2.0 g, JP Saposhnikoviae Radix 2.0 g,      

JP Glycyrrhiza Radix 1.5 g, JP Camelliae Sinensis Folium 1.5 g 
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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 

 


