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ABSTRACT

Arboviruses are currently recognized as a global public health problem. Among the
main ones are the Zika, Dengue, Chikungunya viruses and we can also highlight the
Mayaro virus, which is endemic in rural areas and forests of South America. This
review aims to detect the presence of the Mayaro virus in Brazilian states, thus
seeking to emphasize the risks of occurrence of these arboviruses in Brazil. The first
report of infection by Mayaro occurred in 1954 in the Republic of Trinidad and
Tobago and, from this discovery, it was possible to identify other occurrences in
American countries. The occurrences in Brazil are concentrated in the North,
Southeast, Midwest and Northeast regions and, recently, in the Southeast region.
Many cases are believed to have been overlooked due to the similarity of symptoms
to other arboviruses, mainly Chikungunya. Furthermore, climatic factors and human
actions favor the proliferation and emergence of new vectors. Therefore, monitoring
by specific molecular and serological methods is necessary to prevent incidents and
possible complications.
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GENERAL ASPECTS

Arboviruses are infectious diseases caused by viruses, in which they are
transmitted to humans and other warm-blooded animals by the sting of blood-sucking
arthropods (1,2). In addition, these viruses have the potential to spread to other
regions due to the great diversity of vectors that inhabit the treetops, including the
Haemagogus and Aedes mosquitoes (3).

The Mayaro virus (MAYV) stands out among the emerging arboviruses, which
belongs to the Togaviridae family of the genus Alphavirus (4,5). Its genome is a
simple RNA strand with positive polarity (6). Phylogenetic studies detected three
distinct genotypes: D, L and N (7,8), where genotype D is distributed in South
America, genotype L, only in Brazil (7) and the genotype N, identified by viral
isolation in the city of Puerto Maldonado, Peru in 2010(8).

In recent years, MAYV has been responsible for outbreaks in Brazil and other
countries in South America (9). Due to this fact, thorough studies about this arbovirus
are needed to clarify its virulence and the symptoms that are similar to other
arboviruses. Survey scientific works that show the presence of the Mayaro virus and
the prevalence of risk in Brazil.

A literature review was carried out of scientifc reports about MAYV in
epidemiological bulletins of the Ministry of Health of Brazil and scientific articles
published between 1957 to 2021 in the databases such as Science direct, PubMed
and Google Scholar

The following terms were used to conduct the research: “Mayaro virus”,
“Mayaro AND alphavirus”, “Mayaro virus AND America South”, “Mayaro virus AND
Brazil”, “Mayaro virus AND Chikungunya”, “Mayaro virus epidemiology”, “Mayaro
AND Aedes aegypti”, “Mayaro virus climatic”, “Mayaro AND Federative Units of
Brazil"”.

Articles that reported the infection in humans, non-human primates and
mosquitoes diagnosed through molecular and serological methods were selected, as
well as articles that portray recent studies that address viral transmission and its

environmental factors.

! Federative Units of Brazil: Acre, Amazonas, Alagoas, Amapa, Bahia, Ceara, Distrito Federal, Espirito Santo, Goias,
Maranhdo, Mato Grosso, Mato Grosso do Sul, Minas Gerais, Para, Paraiba, Parana, Pernambuco, Piauf, Rio de Janeiro, Rio
Grande do Norte, Rio Grande do Sul, Rondénia, Roraima, Santa Catarina, S&o Paulo, Sergipe and Tocantins.
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THE MAYARO VIRUS IN THE WORLD

The Mayaro virus usually occurs in rural and forest areas (10). In recent years,
it has been identified in several regions of the Americas, mainly in South America (4).
They have a tropical and subtropical climate, thus promoting an environment
conducive to the proliferation of Haemagogus mosquitoes (11). This results in
sporadic cases or outbreaks with a clinical and epidemiological aspect similar to the
Semliki forest virus (10).

The first report of MAYYV infection, was in the city of Mayaro, Southeast region
of the Republic of Trinidad and Tobago in 1954, where the virus was isolated in
serum from five workers from forest areas (10). However, in 1957 in this same
region, there was the first record of the MAYV strain in Mansonia venezuelensis
mosquito, and from this discovery, it was possible to identify other records (12,13).

However, in a retrospective study in Panama and Colombia between the years
1904 and 1914, antibodies against MAYV were found in serum samples from
workers during the construction of canals (14). Chronologically, many American
countries began to register the presence of MAYV through serological tests on
humans, wild animals and mosquitoes as in Trinidad and Tobago (10), Bolivia
(15,16), Colombia (17), Suriname (18,19), French Guiana (20,21), Ecuador (22,23),
Peru (16,24,25), Guyana (26) and Venezuela (8,27), Costa Rica, Guatemala (27,28)
and Mexico (28). Recently, in 2015 in Haiti, a case of co-infection by Mayaro and
Dengue type 1 was reported in an 8-year-old child with clinical manifestations, such
as fever and abdominal pain (29). The data found in the literature is summarized in
Table 1.

In Europe, there is evidence of the virus migration through people who would
have travelled to endemic areas. As reported in February 2008, MAYV infection in
two Dutch tourists who had visited the fringe area of Suriname, a country with a
record of the virus (30). Subsequently, another MAYV case was reported in
Switzerland in August 2011, where the patient had visited the rainforests in northern
Peru and was reported to have returned to Switzerland with symptoms of illness such

as fever and joint pain (31).
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Table 1. History of Mayaro virus detection in the Americas and cases imported from

other countries.

Country Year Detection Reference
Trinidad and
Tobago - 1954  MAYYV identified in 05 febrile patients (20)
Caribbean
Brazil 1957 Strains identified in the blood of rural (12)
workers
Trinidad and : o
Tobago - 1957 First rgcord of MAYV strain in Ol_ (13)
) mosquito Mansonia venezuelensis
Caribbean
Studies identified antibodies that inhibit
Peru 1972 hemagglutination in 70% of individuals (32)
Santa Cruz — 51/114 (44%) individuals with positive
Bolivia 1987 IgG and 47 with positive IgM for MAYV (15)

were identified
1995 27 cases were detected by serological
1998 and/or molecular methods

48/338 (14%) detected IgG for MAYV,

of which 42/91 (46%) were native of
Ecuador 1997  Amazon rainforest and 2% native of (23)

other areas; three individuals were
positive for IgM
124/1,962 (6.3%) individuals with
French Guiana 1998 positive for anti-Mayaro antibodies and (20)
one had positive IgM
4 patients from the same family had
Venezuela 2000 antibodies to IgM and/or 1gG three (33)
months after symptoms
Detection of anti-Mayaro IgM in two
individuals among 35 studied patients
98/645 individuals with positive anti-
Mayaro IgM and 40 isolated from
febrile individuals
2 cases of MAYYV infection detected
Netherlands 2008 through serological tests were (30)
imported from Suriname

2010 16/2,094 (0.8%) individuals were

Peru (24)

Mexico 2001 (28)

Ecuador, Perue 2000
Bolivia 2007

(16)

Peru 2013 positive and of these 11 were isolated (25)
La Estacion - 2010 19/77 individuals were positive for (8)
Venezuela MAYYV and six isolates
Haiti 2011 1 case of MAYV co-infection and type (29)
1 Dengue
Switzerland 2011 1 case of MAYV infection imported (31)
from Peru
1 case of MAYV infection imported
Germany 2012 from Bolivia, confirmed by serological (34)
tests
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1 case of infection by imported

Netherlands 2013 . . . (35)
serological detection Brazilian Amazon
Germany 2013 1 case imported from French Guiana (36)
Haiti 2014 1/82 patient hqd CH.IKV and MAYV (37)
coinfection
2014 : . .
" 5/1,250 children were diagnosed with
Hait y MAYYV by molecular methods (38)
2015
86/496 (17.3%) of which 54 (10.9%)
were monoinfection by MAYV and 32
Peru 2016 (6.4 %) coinfections by DENV and (39)
MAYV
Venezuela 2016 1 patient diagnosed with MAYV (40)

through molecular methods

1 case of MAYYV infection imported
France - - (42)
from French Guiana

40/359 (11.1%) individuals presented
Peru 2017 MAYYV infection (42)

MAYV: Mayaro virus; IgM: Immunoglobulin M; IgG: Immunoglobulin G; RT-PCR:
Reverse Transcriptase - Polymerase Chain Reaction; DNA: deoxyribonucleic acid.

It is observed at Table 1 that the occurrences of Mayaro infections in
individuals who live in tropical areas, as it is a favorable environment for the
proliferation of vectors. Since the geographical distribution of MAYV extends in
Central and South America, it may become a public health problem in the future,
because it presents characteristic symptoms with other arboviroses, resulting in

endemic regions, thus hindering the correct diagnosis.

THE MAYARO VIRUS IN BRAZIL

In Brazil, the Mayaro virus was isolated for the first time in 1955, during an
outbreak of unknown etiology in masons and forest workers on the banks of the
Guama River, located east of Belém (12). The second outbreak of MAYV infection
was reported in Belterra, in 1978, followed by Concei¢cdo do Araguaia in 1981, all
cases occurred in the Para state (43,44). Since then, infections have started to be
notified.

In 1984 in the state of Bahia, a case was confirmed for MAYV, through the
presence of hemagglutinating and neutralizing antibodies, but the individual had a

history
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of living for three years in the municipality of Paragominas, Par4 and had already had
a feverish disease with severe joint pain (45). Subsequently, there were two
outbreaks of the disease in cities of Benevides in Para and Peixe in the Tocantins, in
1991(46).

However, the Mayaro virus is considered endemic in the Amazon region,
which involves the states of the North and Midwest regions, as in Mato Grosso (47),
Amapa (48), Amazonas (49), Roraima, Acre (50,51) and Goias (52,53).
Nevertheless, in 2000 in the state of Sdo Paulo, three patients with MAYV infection
who had returned from the Camapua region in Mato Grosso do Sul were diagnosed
(54). In 2014, another MAYV infection was imported again to the state of S&do Paulo,
the patient reported having traveled to the city of Portal, in the interior of the state of
Para (55). As shown in Table 2, the epidemiological data reported in the literature on

the detection of the Mayaro virus in Brazil.

Table 2. Detection history of Mayaro virus infection in Brazil.

Regions States Years Detection Reference
North Belém — Para 1955 Strains identified in the (12)
blood of rural workers
81/155 (20%) of natives of
the village close Siméo

Lopes city and 45/257

Midwest  Mato Grosso 1968 (17.5%) of natives of the 47)
village close to Sao Marcos
city showed antibodies
Belterra — 1977 807 (20.5%) of 3,941 were
North Para 1978 infected by MAYV (56)
Antibodies to MAYV were
Belterra — identified in 55 patients, 43
North Para 1978 by viral isolation and 12 by (43)
isolated serology
Belterra — 1978 9 MAYV isolates in
North Para 1979 Haemagogus janthinomys. (57)
Valenca — One out of 288 subjects
Northeast Bah?a 1984 studied presented IH (45)

antibodies to MAYV
Reserva

Extrativista do 53 (17,3%) out of 306
North Rio Caiari — 1995  subjects studied presented (48)
J 4 IH antibodies to MAYV
Amapa
Manaus — 1998 8 of the 22 patients had

North positive antibodies to (58)
Amazonas 1999 MAYV
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21 (5.4%) out of 390

Rio Branco — 1999  patients had antibodies to
North Acre MAYV; (51)
2000 12 out of 190 patients had
antibodies to MAYV
Three patients infected with
Southeast Séo Paulo 2000 the Mayaro virus were (54)
isolated in Camapué, MS
Acrelandia — 18 _of 35_37 patients had
North 2004 antibodies to MAYV by (59)
Acre ;
serological methods
North Acril‘andia =~ 2004 Deteption of the Mayaro (50)
cre virus in a patient
anti-MAYYV antibodies were
North Amazonas 2007 detected in 119 (44, 1%) of (60)
the 270 patients
20 out of 1,597 patients
Juruti—Para 2007  tested for IH had positive
North 2008 anti-MAYYV antibodies and (61)
5 for IgM
33 (5.2%) out of 631
North ,'A\\Arﬁgjgr?a; 288; patients presented IgM (49)
antibodies to MAYV
36/105 (34%) of patients
had positive IgM antibodies
Santa Barbara to MAYYV; three isolate_:d
North Para 2008 viruses: two from febrile (62)
— Para s
individuals and one from a
pool of two Haemagogus
janhinomys mosquitoes
Alagoas,
Paraiba, Antibodies to MAYV
Pernambuco, 2008 detected in capuchin
Northeast Piaui e 2010 monkeys (Cebus (63)
Rio Grande do libidinosus)
Norte
. 125 of 657 individuals
North Tugl;rrgl B 2823 detected with antibodies to (64)
MAYV
Trairdo/Novo h78d ?ﬂt of t1b338 patie dn:fLSO
a antibodies an
North Progres,so - 2009 had positive anti-MAYV (65)
Para
IgM
Identification of antibodies
Manaus — to the Mayaro virus in a
North Amazonas 2010 French tourist with IgM (66)
positive
. Sinop—Mato 2011 6/200 (3%) of patients were
Midwest Grosso 2012 positive for MAYV (67)
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130 samples negative for
DENV, enzyme
immunoassay was used, 6 (52)
(4.6%) were positive for
IgM or MAYV

Goiania - 2011

Midwest Goids 2013

15 (2.5%) of the 604
Midwest  Mato Grosso 2012 patients were positive for (68)
MAYV

171 female A. aegypti
Midwest Cuiaba - Mato o013  Mosquitoes were tested,
Grosso four of which were positive

for MAYV

(69)

1 out of 16 non-human
Jardim - Mato 2013 primates (Sapajus spp. And
Grasso do Sul Alouatta caraya), has been

associated with MAYV

Midwest (70)

1/10 and 2/8 non-human

Mato Grasso 2013 primates were identified
do Sul 2014 MAYYV antibodies in Jardim

and Coxim, respectively

Midwest (71)

Southeast S50 Paulo i A case of MAYV mfecltlon (72)
imported from Para

27 patients were negative

. Goiania - 2014 to CHIKV and 15 (55%)
Midwest Goiéas 2015 were positive for IgM to (53)
MAYV
34 (7.5%) of the 453
patients were positive with
: 2015 genotype L for MAYV.
Midwest  Mato Grosso 5416 Also. 4 (11.4%) patients (73)
had dual DENV-4/MAYV
and ZIKV/MAYYV infections
. Cuiaba — Mato Id(_antification _of _IVIAYV
Midwest 2017  vertical transmission in A. (74)
Grasso :
aegypti.
47 of 5608 blood donor
~ 2017 samples showed antibodies
Southeast  SdoPaulo 5515 14 MAYV, 36 to IgM and 11 (75)
to 1gG
33(9.3%) of 354 serum
: Sinop—Mato 2014  samples were positive for
Midwest Grosso 2018 MAYYV by molecular (76)
methods

MAYV: Mayaro virus; ZIKV: Zika virus, CHIKV: Chikungunya; DENV: Dengue
virus; IgM: Immunoglobulin  M; 1gG: Immunoglobulin G; RT-PCR: Reverse
Transcriptase - Polymerase Chain Reaction; IH: Hemoglutination inhibitors.
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After detecting the virus in Brazil for the first time in Pard in 1955, other states
in the Northern region such as Acre and Amazonas also identified the virus until
2010, both in humans and in mosquitoes. However, only in the state of Para, several
cities detected MAYV such as Bélem, Belterra, Juriti, Santa Barbara, Tucurui, Trairdo
and Novo Progresso (12,43,56,57,61,62,65). This was due to the characteristics of
the region and, mainly, because there was a greater number of studies in the state of
Para (12). In the North region, where the Amazon biome is located, the Midwest,
Southeast, and Northeast regions, which are regions of the Cerrado and Atlantic
Forest biome, confirmed the presence of the virus or anti-Mayaro antibodies in
humans, non-human primates, and mosquitoes among 1968 to 2018
(52,63,67,71,74-76).

It was found that in Sdo Paulo, samples from blood donors showed IgM and
IgG antibodies to MAYV, which may suggest that there is autochthonous or imported
transmission in the city (75). This may be related to the immigration of infected
individuals, in addition to deforestation and climate change that favors the spread of
the virus.

Our study indicates that it is possible that most of the regions affected by the
Mayaro virus are endemic, where there is presence of vectors. As the bulletin of the
Ministry of Health shows, up to the 35th Epidemiological Week of 2019 five cases of
MAYV infection were reported in the state of Pard, in the northern region of Brazil
(77), where this arbovirus is common (73), as can be seen in Table 2.

Nevertheless, recent data shows that the virus is in autochthonous
transmission. This situation suggests that the spread of the virus occurs quietly and
can characterize outbreaks in these locations (78). However, most Alphaviruses
cause infection disease with non-specific clinical symptoms, being similar to other
arboviruses such as Dengue and Chikungunya (78).

The MAYV transmission occurs by female mosquitoes belonging to the
Culicidae family, of Haemagogus genus and species Haemagogus janthinomys(4).
These mosquitoes inhabit treetops where they infect non-human primates,
marsupials, rodents and birds, maintaining the wild cycle (3,4,21,79). However, when
a human being enters forest areas, they become susceptible to the bites of these
mosquitoes and, consequently, may contract MAYV (4).

However, Alphaviruses have unique characteristics, where it has the ability to
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infect many species of mosquitoes and cause outbreaks of larger proportions similar
to Chikungunya outbreaks in 2014 and Zika in 2015 (8,29,80). Due to these facts,
with the occurrences of infections by this virus in South America, one can thus
consider a scenario of possible outbreak in urban areas.

There are studies that report that several genera of mosquitoes can act as
vectors, such as Sabethe spp, Culex spp, Psorophora spp, Coquillettidia spp, Aedes
spp and Mansonia spp (3) because of their wide geographic distribution. Studies
indicate that A. aegypti (3) and A. albopictus mosquitoes may be the vector of the
Mayaro virus in urban areas (81). This fact may explain the transition from the wild
cycle to the urban cycle, as there is an abundant distribution of these vectors in
urban areas, thus making the Brazilian population susceptible to MAYV infection
(82).

The competence of A. aegypti mosquitoes as a vector for MAYV has been
confirmed in laboratory and wild populations (82, 83). Laboratory experience showed
the vectorial competence of A. aegypti and suggests the potential for urban
transmission (3). A recent study reports natural and vector transmission by MAYV in
Aedes mosquitoes in the city of Cuiaba, state of Mato Grosso, suggesting that the
virus is circulating in these anthropophilic mosquitoes (74). In a previous study by
Serra et al. (2016) in the same city in Cuiabd, natural MAYYV infection was reported in
A. aegypti and Cx. Quinquefasciatus (69), however, both species show absence or
low rate of infection and transmission through the oral route (3,81). Similarly, A.
albopictus, present in Brazil, was susceptible to infection by MAVV, but expressed a
low rate of infection (83, 84).

However, in another experiment conducted at laboratory showed that A.
aegypti and A. albopictus mosquitoes have a high rate of MAYV infection (85),
suggested that these mosquitoes can be considered potential vectors for the urban
transmission cycle of MAYV (3,82,86), since these vectors have been implicated in
the transmission cycle of other arboviruses described in Brazil, such as Zika,
Chikungunya and Dengue (82).

In addition to the adaptation of the virus into various vectors, there is a certain
relationship with climate change, deforestation, human contact with reservoirs and/or
virus vectors (87). Brazil has a positive climate for the proliferation of vectors and

transmission of arboviruses (88). A study carried out in the cities of Mato Grosso
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state in 2017 showed that the growth of the A. aegypti mosquito is associated with
temperature, relative humidity, wind speed and rainy season, while the other species
were also influenced by the dew point temperature, in that the volume of water vapor
condensed in the air can induce the proliferation of mosquitoes and the hatching of
their eggs (88).

The type of biome and population density can also influence cases of MAYV
infections (87). The biome that most favors the occurrence of the infection is called
the Cerrado, they are pastures, savannas and shrubs, and in Brazil, this biome has a
great diversity of vectors and vertebrate hosts (87). In this same study it was found
that the central region of Brazil has favorable conditions for cases of MAYV, as its
urban population does not have immunity (87). It was possible to observe that MAYV
is not restricted only to rural and forest areas, since it was reported in Mato Grasso,
infected individuals resided in urban areas and stated that they did not visit rural or
wild areas (68).

Thus, making the population susceptible to infection, because there is still no
specific treatment and no licensed vaccine against MAYV (5). In addition, humans do
not have acquired immunity, since MAYV infection was restricted only in forest areas.
For this reason, control measures need to be more effective to reduce the
proliferation of vectors, and consequently the occurrence of possible new cases of
infection by the Mayaro virus (74). According to the analysis of these data,
dissemination of this virus throughout the Brazilian territory in the future would be
possible due to its adaptation to several vectors, mainly to A. aegypti, and the

occurrence of the infection in urban areas.
CONCLUSION

It can be observed that the Mayaro virus is distributed in the South American
region. In Brazil, the occurrences are concentrated in the North, Southeast and
Midwest regions, and minority in the Northeast, where it characterizes serious
problems for public health causing epidemics. And as you can see, the virus has
been circulating in the country for many years and has been highlighted by outbreaks
of other arboviroses, such as Chikungunya and yellow fever.

The symptoms of the Mayaro virus infection are similar to other arboviruses,
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mainly Chikungunya, which is characterized by fever, headache, retro-orbital pain,
vomiting, diarrhea, non-pruritic skin rashes, and usually associated with myalgia and
arthralgia that can persist for a long period. With this, it is believed that many cases
can be misdiagnosed as infection by the Chikungunya virus, due to their similarities.
Therefore, studies and monitoring by specific molecular and serological methods are
needed, and the control of the vector, which is widespread throughout the Brazilian
territory. Thus, preventing incidences and their possible complications so that no
outbreaks occur.

These occurrences in Central and South America are related to climatic and
human factors such as temperature, humidity and deforestation that favor the

proliferation of vectors and the emergence of new vectors.
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