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Mayaro virus (MAYV), isolated for the first time in Trinidad and Tobago, has captured the attention of public health

authorities worldwide following recent outbreaks in the Americas. It has a propensity to be exported outside its original

geographical range, because of the vast distribution of its vectors. Moreover, most of the world population is

immunologically naïve with respect to infection with MAYV which makes this virus a true threat. The recent invasion of

several countries by Aedes albopictus underscores the risk of potential urban transmission of MAYV in both tropical

and temperate regions. In humans, the clinical manifestations of MAYV disease range from mild fever, rash, and joint

pain to arthralgia. In the absence of a licensed vaccine and clinically proven therapeutics against Mayaro fever,

prevention focuses mainly on household mosquito control. However, as demonstrated for other arboviruses, mosquito

control is rather inecient for outbreak management and alternative approaches to contain the spread of MAYV are

therefore necessary. Despite its strong epidemic potential, little is currently known about MAYV.
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1. Introduction

Mayaro virus (MAYV) is a single-stranded RNA virus. It belongs to the Togaviridae family and was first detected in 1954 in

Trinidad in the sera of forest workers . Like other alphaviruses, MAYV can infect, replicate and disseminate in both

vertebrate and invertebrate hosts . In humans, the virus causes Mayaro fever, which is characterized by long-lasting

arthralgia similar to that occurring in Dengue fever. Although mortality among infected people is low as yet, Mayaro fever

may become a major public health problem, particularly in rural areas, with increasing prevalence in the Amazon region

due to ecosystem changes . Although several outbreaks of Mayaro fever have already been reported more than three

decades ago in Northern Brazil , MAYV is now spreading rapidly to other regions in Latin America . It is likely that the

global burden of Mayaro fever is still largely underestimated because of the lack of adequate and accurate diagnostics. At

the same time, the Aedes mosquito, which can spread MAYV and other viruses, is invading new habitats and regions at

an alarming pace . Perhaps the most significant threat of a potential MAYV epidemic comes from increased

colonization of urbanized areas by Aedes aegypti. In order to better predict the capacity of the virus to spread and infect

new areas, further studies are urgently needed. At present, it cannot be excluded that MAYV infections, like those of ZIKV

and Chikungunya (CHIKV) viruses, will one day become a major health issue. At present, MAYV is still neglected and few

studies have been carried out on its pathogenesis, the biology of its potential vectors or the dynamics of its transmission.

2. Clinical Manifestations and Pathogenesis of Mayaro Fever in Humans

Phylogenetically, MAYV is closely related to CHIKV and, like the latter, causes a debilitating flu-like illness in the infected

host that is indistinguishable from Chikungunya fever. The main symptoms include chills, fever, gastrointestinal

manifestations, eye pain, myalgia and arthralgia . In particular, arthralgia can last for months to years, making the

Mayaro fever even more debilitating than flavivirus infections, whose symptoms last only one to three weeks .

Acute symptoms generally last three to five days in most patients with Mayaro disease . Arthralgia and myalgia

account for 50–89% and 75% of infected patients, respectively . Dizziness and itching are the other clinical

manifestations of the disease .

Severe complications can occur due to MAYV infection, among which are myocarditis, hemorrhagic and neurological

manifestations . After a bite from an infected vector, MAYV spreads via the blood vessels into the body of the

susceptible host (Figure 1). The virus replicates in white blood cells (e.g., monocytes, macrophages) and spreads to

bones, muscles and joints via the main sites of replication, the spleen and the liver . The severity of

Mayaro fever is associated with the production of pro-inflammatory cytokines and mediators (MCP-1, IL-2, IL-9, IL-13, IL-

7, VEGF, IL-17, and IP-10) both in humans and experimental mouse models . Some of these cytokines have

been shown to be associated with other pathologies involving bones and joints .
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Mayaro fever can also induce oxidative stress (OS) in the liver of infected mice and in vitro infected HepG2 cells .

The induction of OS has also been observed in several other arbovirus infections, including Chikungunya . The

latter process is likely to play a role in the pathogenesis of MAYV, because of its important role in the initiation and control

of the production of many soluble mediators such as reactive oxygen species (ROS), and is furthermore involved in

apoptosis and inflammation . Currently, little is known about the beneficial or detrimental effects of this process on the

infected host. Many cell types have been shown to be implicated in the pathogenesis of MAYV.

The role of macrophages, being targets for MAYV infection, in the development of arthritis has been demonstrated

through the secretion of TNF-α and ROS . In this respect, it is of interest to note that high serum levels of TNF-α have

previously been reported in MAYV-infected patients and mice . A recent study has also shown that in vitro infection

of bone marrow-derived macrophages with MAYV results in the overexpression of key inflammasome proteins such as

NLRP3, AIM2, ASC and caspase 1 . Interestingly, the authors demonstrated that the induction of ROS was linked to the

activation of the NLRP3 pathway. Because many studies have shown that ROS production can be associated with

immune regulation , it would be of interest to investigate whether ROS secretion impacts the polarization of

macrophages during MAYV infection. Results from studies using experimental mouse models and human cell lines have

revealed that osteoblasts are susceptible to infection with alphaviruses, resulting in the secretion of MCP-1, IL-6, and IL-

1β .

Primary human chondrocytes, osteoblasts and synoviocytes, which are the main cell types involved in arthralgia, are

permissive to MAYV infection, indicating that these cells may be involved in the pathogenesis of the disease, notably as a

result of the overexpression of arthritis-related genes . Infection of the host by MAYV results in the sensitization of

monocytes and the induction of their osteoclastogenic activity which leads, in turn, to bone erosion and cartilage damage.

Taking into consideration the debilitating condition of MAYV-infected patients, which can last for months to years, further

studies should be carried out to determine the mechanisms leading to severe arthritis as a result of MAYV infection. This

also begs the question as to why some patients develop arthritis and others do not.

It would also be interesting to develop studies leading to the identification of biomarkers or risk factors associated with

severe forms of the disease. There is considerable variation in antibody production and persistence from one host to

another. MAYV infection induces a transient production of immunoglobulin M (IgM) antibodies, indicating the occurrence

of recent infection that generally lasts for at least three months after the onset of clinical symptoms . In addition,

the presence of virus-specific immunoglobulin G (IgG) serum antibodies that persists throughout the lifespan of an

infected person is an indicator of prior infection with MAYV, in particular when present at increased levels .

Interestingly, a study by Santiago et al. shows that neutralizing antibodies alone are not sufficient to prevent the

occurrence of chronic arthritis . Earnest and collaborators generated a series of neutralizing broad-spectrum mouse

antibodies by the use of recombinant MAYV E2 protein  and showed their therapeutic utility against MAYV, thereby

underscoring the importance that should be given to IgG subclasses and their effector functions.
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Figure 1. Diagram showing the probable dissemination of MAYV in humans, based on animal experiments and clinical

data for similar alphaviruses. Transmission of MAYV occurs following its inoculation by an infected mosquito

(Haemagogus janthinomys, Aedes aegypti, etc.). The virus then replicates in the skin (more precisely at the inoculation

site of the virus by the competent vector) and propagates into the target tissues (muscle, the liver, joints, etc.) via the

numerous blood vessels, followed by the recruitment of inflammatory cells in these tissues. Most of the target cells have

not yet been identified for MAYV but the diagram shows an extrapolation based on other alphaviruses. The figure was

designed using Adobe Creative Cloud apps (https://www.adobe.com/creativecloud.html).

3. Conclusions

Variabilities in susceptibility and ability to disseminate and transmit MAYV have been reported depending on the extrinsic

incubation conditions, the virus strains used and the mosquito species tested. These variations in the expression of oral

receptivity have been repeatedly described in natural populations of vector mosquitoes. Several factors, both intrinsic and

extrinsic to the vectors, may explain these variations. Among these, possible interactions between the virus and the

microbiota of the mosquito’s midgut seem to be particularly important, knowing that this symbiosis could provide important

physiological functions to the host, including the synthesis of essential nutrients, resistance to infection and stimulation of

the immune system. In many studies on the involvement of the immune system, bacteria have been used, but it was only

very recently that their role in the immune response against virus infections was discovered. Differences in the expression

of genes involved in the immune response are probably due to changes in the specific composition of the bacterial flora

present in the midgut of the host mosquito and are important factors influencing the variation in transmission. To date, no

data on potential vectors are available on this aspect.

Therefore, for further analysis, studies should be carried out on the diversity and relative proportions of the different taxa

of this midgut microbiota. Given that virus–host interactions are often accompanied by variations in viral proteins, resulting

in the emergence of disease, it would be interesting to investigate the contribution of recombination phenomena to the

natural evolution of MAYV strains and the epidemiological risk that recombinant strains may present. From a technical

point of view, the identification and subsequent inactivation, by homologous recombination, of genes involved in the

replication or adsorption of viral particles, for example, could significantly reduce transmission. It would also be helpful to

improve our knowledge of the mechanisms underlying MAYV replication in mosquitos. In this respect, further studies

providing valuable information on the basic ecology and spatiotemporal dynamics of vector abundance and their

association with MAYV should be carried out.



Transmission probability models could be used to estimate the natural periodicity of virus incidence cycles in each

potential host. These predictive models will certainly make it possible to improve monitoring methods, thereby providing

predictive capacity for the identification and early warning of emergence risks, as well as their control, by appropriate and

accepted preventive methods. From the same perspective, two axes should be explored: (i) understanding how human

contact with MAYV via vectors may increase with intensive use of forest resources; (ii) understanding how wildlife

populations and communities, acting as reservoirs and potential vectors, respond to changes in the environment. These

modifications will have an impact on wildlife populations, leading to the displacement of native forest species and the

introduction of new ones capable of colonizing disturbed areas, resulting in the emergence of arboviruses, including

MAYV, which were previously confined to the biotopes of natural reservoirs, thereby increasing the risk of contact with

new mammalian and human hosts.
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