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VIEW AND REVIEW

Dengue infection in the nervous system: lessons 
learned for Zika and Chikungunya
Infecção por dengue no sistema nervoso: lições para Zika e Chikungunya 
Marzia Puccioni-Sohler1,2, Natalia Roveroni1, Carolina Rosadas2, Fernando Ferry1, Jose Mauro Peralta3, 
Amilcar Tanuri4 

Dengue is one of the most frequent arboviruses 
(arthropod-borne virus) affecting human beings, and has 
also been recognized as an important cause of neuro-
logical disorders1. In recent years, Zika and Chikungunya 
viruses have emerged as arbovirus agents of neuroinvasive 
diseases2-4. Clinical manifestations present with a similar 
pattern to that observed in dengue infection, including 
rash, acute fever, and severe neurological complications. 
Dengue and Chikungunya may become the main causes 
of encephalitis over the next decade due the increasing 

number of infected individuals. All three arboviruses 
can cause the ascending paralysis of Guillain-Barré syn-
drome1,3. Also, Zika infection has recently been associated 
with microcephaly5.

Dengue epidemics are not a new health public prob-
lem in the world1. During the eighteenth and nineteenth 
centuries, the virus spread to tropical and subtropi-
cal regions, exposing the four billion people, who cur-
rently live in those areas, to the risk of contracting the 
infection. Fifty to 100 million individuals are diagnosed 
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ABSTRACT
Dengue, Zika and Chikungunya are emerging arboviruses and important causes of acute febrile disease in tropical areas. Although 
dengue does not represent a new condition, a geographic expansion over time has occurred with the appearance of severe neurological 
complications. Neglect has allowed the propagation of the vector (Aedes spp), which is also responsible for the transmission of other 
infections such as Zika and Chikungunya throughout the world. The increased number of infected individuals has contributed to the 
rise of neurological manifestations including encephalitis, myelitis, meningitis, Guillain-Barré syndrome and congenital malformations 
such as microcephaly. In this narrative review, we characterize the impact of the geographic expansion of the vector on the appearance 
of neurological complications, and highlight the lack of highly accurate laboratory tests for nervous system infections. This represents a 
challenge for public health in the world, considering the high number of travelers and people living in endemic areas.
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RESUMO
Dengue, Zika e Chikungunya são arbovírus emergentes e importante causa de doença febril aguda em áreas tropicais. Embora a dengue não 
represente uma doença nova, houve uma expansão geográfica ao longo do tempo, com o aparecimento de complicações neurológicas graves. 
A negligência desta situação permitiu a propagação do vetor (Aedes spp) em todo o mundo, que também é responsável pela transmissão 
de outras infecções pelos vírus Zika e Chikungunya. O grande número de casos infectados contribui para o aumento de manifestações 
neurológicas incluindo encefalite, mielite, meningite, síndrome de Guillain-Barré e má formações congênitas, como microcefalia. Nesta 
revisão narrativa, destaca-se o impacto da expansão geográfica do vetor no aparecimento de complicações neurológicas e a falta de testes 
laboratoriais de elevada acurácia para o diagnóstico da infecção neurológica. Estes aspectos representam desafio para a saúde pública 
mundial, considerando o grande número de indivíduos que moram ou viajam para áreas endêmicas. 
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annually. Consequently, 20,000 deaths occur per year due 
to transmission of dengue1. Despite the fact that the Zika 
virus (ZIKV) was isolated in 1947 in Rhesus monkeys in 
Uganda, it was first identified in humans only five years 
later, in Nigeria. Occasional cases were reported in other 
African and Asian countries6. During 2007, an outbreak 
occurred on the island of Yap (Micronesia), where the 
infection was symptomatic in 18% of the cases6. In Brazil, 
the first report of autochthonous transmission of ZIKV 
was confirmed in May 2015, in the state of Bahia. It was 
then established that genomic characteristics identified 
in the country were similar to the virus isolated in French 
Polynesia, during the outbreak of 20135,7. From 2013 to 
February 2016, cases of ZIKV infection have been regis-
tered in 28 countries in Latin America and the Caribbean8. 
As for the Chikungunya virus (CHIKV), it was isolated in 
humans in 1952 in Tanzania. Its name originally comes 
from Swahili or Makonde, a dialect of Tanzania, meaning 
“one who walks with the arched back”. In 2000, a state of 
emergency was raised due to the CHIKV fever epidemics 
both in Africa and Asia, with subsequent spread to the 
Indian Ocean, Europe and the Caribbean. Chikungunya 
fever research remained limited until the epidemic on 
Reunion Island in 2006, during which roughly a third of 
its population (n = 266,000) was affected by CHIKV, result-
ing in 203 casualties2,9.

The first case of CHIKV infection in Brazil was diag-
nosed in 2010 in Rio de Janeiro10. In 2014, the first reports of 
indigenous transmission and outbreak in the city of Feira de 
Santana (Bahia) came out in Brazil11.

UNCONTROLLED COMMON VECTOR TRANSMISSION 
WORLDWIDE

The mosquito Aedes spp is the main vector for den-
gue virus (DENV) transmission, as well as for ZIKV and 
CHIKV11,12. Lack of control of vector proliferation is the 
most important event responsible for the vast and accel-
erated spread of these emerging viral infections, which 
can cause subsequent severe neurological complica-
tions in hosts who live in previously unaffected regions. 
Contamination to vertebrates occurs through the bite of 
infected mosquitos, which procreate and become infected 
by blood feeding in another viremic host. Nevertheless, 
new reports have led to the belief that ZIKV transmission 
may also occur through different mechanisms, including 
via placenta, sexually, or perinatally5,13. Moreover, descrip-
tions of perinatal transmission have been found in indi-
viduals infected with CHIKV2. Dengue and Zika viruses 
belong to the genus Flavivirus, and Chikungunya to the 
genus Alphavirus1. There are five distinct serotypes of 
DENV (1-5), with DENV 1-4 responsible for causing the 
disease in humans1.

WARNING OF NEUROLOGICAL COMPLICATIONS OF 
DENGUE, ZIKA, AND CHIKUNGUNYA

The association between DENV infection and neuro-
logical manifestations was first described in 19761. The fre-
quency of neurological impairment has been reported in 
1-21% of dengue cases14-16. These events, though rare, have 
been shown to be caused specially by serotypes DENV-2 
and DENV-3, which are neurotropic1. These viruses were 
identified in cases of meningitis, myelitis, and encephali-
tis1,14,17. There have also been DENV-1 and DENV-4 iden-
tified in biological samples from patients diagnosed with 
encephalitis and myelitis18. Subsequently, DENV antigen 
has been detected in brain tissue samples of deceased 
patients. As well, DENV-2, DENV-3, and DENV-4 have 
been found in the cerebrospinal fluid (CSF), by reverse 
transcriptase polymerase chain reaction technique1,19. 

Encephalitis and encephalopathy are certainly the most 
common neurological complications14. The mechanism 
involving the nervous system includes direct pathogen 
aggression, followed by activation of autoimmune fac-
tors, metabolic and bleeding disorders1,17. Other neuro-
logical complications include: Guillain-Barré syndrome, 
Miller-Fisher syndrome, acute disseminated encephalo-
myelitis, optic neuromyelitis, optic neuritis, and myosi-
tis1,14,20,21,22,23,24,25. In some cases, neurological disease may 
be the first manifestation of DENV infection17,26. Mortality 
rates range between 5-8%, mostly due to cerebral edema 
and herniation. Furthermore, sequelae are reported in 
20–30% of the patients, including spastic paraparesis 
associated with myelitis, mental confusion and personal-
ity change in cases of encephalitis1,14.

During the ZIKV outbreak in French Polynesia in 2013, 
neurological complications were identified in 73 patients 
with Zika fever. Among them, 42 cases (57%) presented 
with Guillain-Barré syndrome. Additionally, there were 
reports of encephalitis, meningoencephalitis, facial paral-
ysis, and acute myelitis associated with ZIKV infection3,5,8. 
In February 2016, the World Health Organization declared 
ZIKV infection a public health emergency, issuing a global 
alert about its relationship to cases of microcephaly, con-
sidering that the viral genome was found in blood samples 
and tissues of microcephalic neonates27. Moreover, amni-
otic fluid analysis of microcephalic fetuses from pregnant 
women found ZIKV infection, inferring transplacental 
transmission5,28. This fact could explain the increased num-
ber of microcephaly cases reported in Brazil. Other congen-
ital malformations, such as lissencephaly, ventriculomegaly, 
cerebellar hypoplasia, cortical atrophy with cerebral cal-
cifications, and arthrogryposis have also been described 
in cases of ZIKV congenital infection5,29,30. With respect to 
these findings, Garcez et al. indicated that ZIKV may cause 
impairment in the growth of neural cell population. It has 
been know since 1960–1970 that CHIKV can affect the 
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central nervous system. Myelitis, when present, is usually 
associated with encephalitis2,31. Guillain-Barré syndrome, 
optic neuritis, facial paralysis, acute disseminated encepha-
lomyelitis, peripheral neuropathy, and myopathy have also 
been described in CHIKV infection2,32,33,34.

LABORATORY DIAGNOSIS 

The definite diagnosis of dengue, Zika, and Chikungunya 
infection is based on laboratory tests, as symptoms to these 
diseases are nonspecific. The ZIKV has been found by culture 
or reverse transcriptase polymerase chain reaction during the 
first days of infection27,31,35. Detection of specific IgM antibod-
ies or increased titer of specific IgG in serum occurs 5–10 days 
after onset of symptoms and persists for many weeks to three 
months. However, false-positive serological results may occur 
due the presence of cross-reacting antibodies against den-
gue1. Diagnosis of neurological manifestations associated with 
DENV/CHIKV infection are determined by specific IgM anti-
bodies, increasing IgG antibodies titers, viral antigens, RNA 
fragments in samples of blood/CSF or the intrathecal syn-
thesis of anti-specific antibodies in dengue patients1,17,26,36,37,38. 
Despite the detection of IgM antibodies for Zika virus in the 
CSF of neonates with microcephaly, there is an immaturity 
of the blood-brain and blood-CSF barrier in neonates, which 
increases the permeability to serum proteins39. After the acute 
viremia period, ZIKV can also be detected in the urine within 
two weeks as well in other fluids.7,40

PERSPECTIVES AND FUTURE DIRECTIONS

Emerging arboviruses cause a group of acute febrile dis-
eases that include dengue, Chikungunya, and Zika. They 
induce emerging and re-emerging epidemics in develop-
ing countries and represent a common cause of illness in 
travelers worldwide20. Importantly, there is still no effec-
tive antiviral treatment available, nor vaccines, nor ade-
quate prevention by vector control, education of commu-
nity, or public health politics. The rising number of infected 
individuals may increase the cases with severe neurological 
disorders. Clinical manifestations are similar to other viral 
infections (herpes simplex virus, cytomegalovirus, varicella 
zoster virus, and enterovirus), which are also highly prev-
alent in these endemic areas. Moreover, co-infection with 
other agents may promote the emergence of complicated 
cases, such as those presenting with neurological symp-
toms. There is still a lack of knowledge about the patho-
physiological mechanisms of neurological disorders that 
affect certain patients41. Furthermore, absence of reliable 
laboratory tests aiming at early and accurate diagnosis of 
infection in the nervous system is significant. Finally, the 
analysis of clinical characteristics and CSF fluid of patients 
displaying neurological manifestations related to arbovi-
ruses is crucial, in order to determine the development of 
the disease mechanisms and improve diagnostic methods 
of infection within each virus group. Such information is 
of great importance for proper handling and treatment of 
infected patients.
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