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Zoonotic viruses account for 75% of emerging infectious diseases in the world [1].
Many of these zoonotic viruses are arthropod-borne viruses (arboviruses) that can
be transmitted by mosquitoes, flies, and ticks [2]. Arboviral infections can produce
disease in the central nervous system (CNS) with acute clinical manifestations, such
as headache and nuchal rigidity suggestive of meningitis, seizures, mental confu-
sion or coma in cases of encephalitis, and motor dysfunctions in limbs and sphincter
dysfunction, related to myelitis. Arbovirus infections can also produce later mani-
festations in the CNS including Guillain-Barré syndrome and Parkinsonism. The
Flaviviridae of Flavivirus genera Zika (ZIKV), the four types of dengue (DENV-
1-4), and the Togaviridae of Alphavirus genera chikungunya (CHIKYV) are all arbo-
viruses that cause epidemics of acute febrile illnesses in tropical world and,
eventually, are reported producing diseases of the CNS [3].

ZIKV and CHIKYV from Africa and the four types of DENV from Southeastern
Asia are viruses originally maintained in cycles involving nonhuman primates and
mosquitoes of tree canopy that at some point adapted to new cycles involving
humans and the anthropophilic mosquito Aedes aegypti. This African mosquito is
anthropophilic and lives in cities at tropical countries worldwide completely
adapted to the urban conditions [4]. Other arboviruses such as West Nile (WNV)
from the Old World, Japanese encephalitis from Asia, and the Americans Saint
Louis encephalitis (SLEV) and Rocio (ROCV) viruses are all Flavivirus phyloge-
netically grouped in the Japanese encephalitis complex, having birds as reservoirs
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and mosquitoes of the Culicinae subfamily as vectors [5, 6]. These viruses are
commonly reported causing outbreaks or sporadic cases of meningoencephalitis.
Another arbovirus that causes human infections of the CNS is the Peribunyaviridae
of Orthobunyavirus genera, Oropouche (OROV). OROV causes outbreaks of
acute febrile illness in the Amazon region and Central Plateau of Brazil and neigh-
boring countries. The virus has a sylvatic cycle involving sloths (Bradypus tridac-
tylus), nonhuman primates, and wild birds and Ochlerotatus serratus, Coquillettidia
venezuelensis, as well as other mosquitoes as vectors. The virus adapted to an
urban cycle involving man, transmitted by the hematophagous midge Culicoides
paraensis [T].

Arboviruses of the Flaviviridae family in Flavivirus genera, WNV, JEV, ROCYV,
SLEV, DENV-1-4, and ZIKYV, are enveloped, positive-sense, single-stranded RNA
viruses [8]. Arboviruses of Alphavirus genera in the Togaviridae family, CHIKYV,
are enveloped with a genome of a single positive-sense strand RNA, and three struc-
tural proteins of these viruses are translated from a subgenomic mRNA [9].
Arboviruses of Orthobunyavirus genera in the Peribunyaviridae family such as
OROV have three-segmented negative-stranded RNA linear genome [10, 11].
Flaviviruses, alphaviruses, and orthobunyaviruses, when infecting humans, can
cause meningitis or meningoencephalitis.

Special capabilities are necessary for an arbovirus to infect the CNS. The patho-
gen, besides being virulent, has to defeat general cellular and humoral immune
response, be able to cross the blood-brain barrier (BBB) or the choroid plexus, and
when in nervous tissue, defeat the local host defense mechanisms [12, 13].

Genomic mutations can increase the virulence of flaviviruses, alphaviruses, and
orthobunyaviruses. An artificial example of that has been seen in ROCV and WNYV,
two neurovirulent flaviviruses. A chimeric WNV containing prM-E genes of ROCV
replicated in mammalian cells more efficiently than WNV or chimeric ROCV con-
taining WNV prM-E genes. WNV containing ROCV prM-E genes was as virulent
as ROCV in adult mice. Proteins prM and E of ROCV showed major virulence
determinants and inhibited type I interferon response which could potentially
enhance neurovirulence [14]. Glycosylation and amino acid changes of the enve-
lope (E) and membrane (M) proteins of WNV and JEV viruses can also increase
their neuroinvasive capacities [15, 16].

Innate and adaptive immune system responses to Flavivirus infection can pre-
vent CNS invasion. Immune deficiencies related to age, diabetes mellitus, hyperten-
sion, or other chronic diseases increase risk of CNS disease in infections by SLEV
and WNV. Infection of the CNS in individuals infected by JEV can be prevented by
their normal immune systems. The maturation of defense mechanisms in adoles-
cents can explain the decline of JEV neurological infections compared to children
[17]. Activation of MAVS, IRF-3, and IRF-7 and production of type I IFN are able
to control OROV replication and restrict tissue injury in mouse experimental model.
In infections by OROV, IFN signaling in nonmyeloid cells, probably, contributes to
the host defense [10].

Despite not completely understood, factors responsible for neuroinvasion in fla-
viviruses, alphaviruses, and orthobunyaviruses bypass the BBB by infecting
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endothelial cells and emerging their viral progenies at the opposite side, inside the
CNS. Likewise, viruses can infect leukocytes that migrate to the CNS. Some viruses,
after introduced by arthropod bite in subcutaneous tissue, migrate through periph-
eral axonium reaching the neuron in the CNS [14]. A study in a mouse model
showed that OROV, after subcutaneous infection, accesses nervous receptor and
neural routes, reaches the spinal cord, and ascends toward the brain producing little
inflammation [18].

The local CNS inflammation produces brain edema and ischemia that damages
nervous tissues. Blood cells migrate induced by chemokines produced after viral
presence in the CNS, and it produces and/or aggravates inflammation. The impor-
tance of the impact of macrophages on the severity of the encephalitis has been
clearly shown in a study on macrophage chemokines, CCR5 (CC-chemokine recep-
tor 5) and MIP-1 (chemokine receptor that binds to macrophage inflammatory pro-
tein), using knockout mice to genes of these chemokines. The knockout animals,
after infected with ROCYV, survived longer to the meningoencephalitis and had
reduced inflammation in the brain than wild-type (WT) mice infected with
ROCYV. Knockout mice also required a higher lethal dose of ROCV than wild-type
mice [19].

In the CNS, the BBB, neurons, and glial and endothelial perivascular cells all
have cell membrane receptors for infection by Flavivirus and other arboviruses
[14]. In an experiment infecting Balb/C adult mice with ROCYV, brain inflammatory
changes were produced by immune response induced by Thl and Th2 cytokines.
ROCYV encephalitis evolved with irreversible damage of nervous tissues due to neu-
ronal degeneration and apoptosis [20]. Likewise, studies with WNV show that E, M,
NS3, and NS4 (the last two are nonstructural) viral proteins elicit response from
CD8 T cells in the CNS producing pro-inflammatory cytokines such as interferon
(IFN), granzymes A and B, and perforins that lyse infected cells [21]. CD8 T cells
also induce apoptosis of neural cells infected by WNV through the Fas ligand,
CD40-CD 40 ligand, and tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL). This is an important measure to prevent persistence of the virus in the
CNS [22]. Apoptosis also occurs in mice OROV-infected neurons. Besides that,
CNS infection by OROV produces astrocyte activation and glial reaction [18].

Neurologic features of infections by Flavivirus start after 3—15 days of incuba-
tion period and usually succeed a nonspecific febrile illness. Neurologic manifesta-
tions depend on the affected part of the nervous system, resulting in meningitis,
encephalitis, or myelitis [5]. In many cases of encephalitis, overlap reduced level of
consciousness, seizures, and flaccid paralysis.

A ZIKV Asian strain from Polynesia has produced large outbreaks of acute
febrile illness with rash and conjunctivitis in Brazil since 2015. However, during
these outbreaks, reports of severe forms of Zika fever surprised the world. First, it
was reported that ZIKV infections increased the number of cases of Guillain-Barré
(GBS) muscle paralysis syndrome, a serious neurological disease caused by autoan-
tibodies that damage axons of motor neurons as a consequence of a viral infection
[23]. Furthermore, an increase in the incidence of fetal microcephaly was observed
in the Northeast Region of Brazil, which was soon associated with maternal
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infection by ZIKV [24]. Congenital disease caused by ZIKV, having microcephaly
as severe manifestation, resulted in an international concern followed by a research
effort to obtain information on the different aspects of the disease [25].

Infections of the CNS by ZIKV not associated with congenital disease also
occurred. A prospective study in Rio de Janeiro, Southeast of Brazil, among hospi-
talized adults analyzed 40 patients infected by ZIKV (15 women and 25 men;
median age, 44 years) including 27 cases of GBS, 5 cases of encephalitis, 2 of
transverse myelitis, and 1 with chronic demyelinating polyneuropathy. Nine patients
were admitted to the intensive care unit, and among them, five required mechanical
ventilation. After 3 months, two patients died (6%) including one with encephalitis
[26]. In Ribeirdo Preto, also in the Southeast of Brazil, a 2-year-old girl became ill
in March 2016, during a ZIKV epidemic. The girl had a fever (up to 38.5 °C) for
8 days and a macular rash of extremities in the last 2 days. She also presented with
irritability, weakness, myalgias, and dysuria. Finally, 9 days after the onset of ill-
ness, she developed ataxic gait with normal reflexes and a positive Babinski sign.
The cerebrospinal fluid (CSF) had no cells but 6400 erythrocytes/mm?, 102.6 mg/dl
of protein, and 35 mg/dl of glucose. RT-PCR for ZIKV was positive in plasma and
CSF. Magnetic resonance imaging (MRI) demonstrated rhombencephalitis with
lesions in the vermix and left cerebellar hemisphere. The ataxic gait disappeared
after 3 days, and the patient recovered without sequelae (unpublished data). A
36-year-old man heart transplant recipient from Ribeirdo Preto was also reported to
have ZIKV encephalitis. This patient presented with a 2-day history of high-grade
fever, malaise, headache, and seizures that evolved with progressive hemodynamic
instability, mental deterioration, and finally death. CSF had 58 leukocytes (100%
lymphocytes)/mm?® and 105.37 mg/dl of protein. MRI revealed extensive cortical
encephalitis with image suggestive of necrosis of the brain parenchyma and vaso-
genic edema. ZIKV genome was detected in the CSF by reverse transcriptase poly-
merase chain reaction (RT-PCR) and also by immunohistochemistry, by
immunofluorescence, and by electron microscopy of brain tissue. The amplicon of
viral genome was sequenced confirming the ZIKV infection. A pseudotumoral form
of ZIKV meningoencephalitis was confirmed at autopsy [27].

The incidence of encephalopathy in patients with dengue ranges between 0.5%
and 6.2% [28]. In a study of 49 patients with lymphocytic meningitis in Manaus
City, North of Brazil, four of them had dengue fever, with headache, myalgias, and
arthralgias that evolved to neck stiffness and impaired consciousness that healed
without sequelae. Based on viral genomes detected in the CSF by RT-PCR, three
patients had DENV-2 and one had DENV-1 [29]. Another study reported 498
DENV-3 cases from Goiania City in the Brazilian Central Plateau, in 2005-2006.
Nine patients had clinical features compatible with infection of the CNS, five
women and four men, mostly teenagers and young adults. These patients had
encephalopathy (presented seizures or paresis) or meningoencephalitis, and two of
them died. Fatal cases were of a 15-year-old girl with meningoencephalitis, whose
CSF had 76 leukocytes (80% mononuclear cells)/pL, 64 mg/dL of glucose, and
127 mg/dL of protein. Her computed tomography scans revealed sulci effacement
and intracranial hypertension, and DENV-3 was detected in brain tissues collected
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at necropsy. The other fatal case was of a 41-year-old woman that 10 days after
onset of disease had tonic-clonic seizures and acute liver failure. PCR tests of blood
were positive for DENV-3, and lumbar puncture was contraindicated due to throm-
bocytopenia [30]. In Ribeirdo Preto City, a 65-year-old woman had acute meningo-
encephalitis by DENV. After 4 days with headache, fever, myalgia, and vomiting,
the patient started with myopathy, seizures, and decreased level of consciousness.
CSF showed normal leukocyte count, 72—-86 mg/dL of protein, and immunoglobu-
lins M (IgM) and G (IgG) positive to dengue. Brain MRI revealed acute central
pattern encephalitis affecting internal capsule and nuclei of the base [31].

An Asian genotype of CHIKV was introduced into the Americas through the
Caribbean in December 2013, and the first autochthonous Brazilian cases were
reported in September 2014 in the State of Amapa, in the North, and at the same
time, another genotype of CHIKYV, the East, Central, and South African and Asian
strain (ECSA), was found in Bahia State at the Northeast of Brazil. CHIKV ECSA
rapidly spread through other northeastern states causing outbreaks [32]. During
these large-scale outbreaks, uncommon severe clinical features of CHIKV infection
were observed such as meningitis, encephalitis, GBS, and retrobulbar neuritis [33].
Two cases of encephalitis by CHIKV were reported in the Ceara State, Northeast of
Brazil. These were a 55- and a 74-year-old man. Both patients tested positive for
anti-chikungunya IgM in their serum. The first patient had acute febrile illness and
disorientation in time and space. His CSF had 61 cells (71% lymphocytes)/mm?,
98 mg/dL of protein, and 62 mg/dL of glucose. His MRI showed acute bilateral
encephalitis affecting the white matter in nuclei of the base and brainstem and also
extending to the internal capsule and the cerebellum. The second patient had tempo-
ral and spatial disorientation with fluctuating level of consciousness, progressive
lower extremity weakness, and diffuse areflexia. He had 90 leukocytes (91% lym-
phocytes)/mm? and a protein of 179 mg/dL in CSF. MRI showed acute encephalitis
affecting extensive area including the central white matter and cerebellum [34].
Another case of encephalitis by CHIKV was reported in Recife City, also in the
Northeast of Brazil, a 48-year-old woman with fever, headache, muscle aches, skin
rash, and painful polyarthralgia with edema that progressed to temporary functional
impairment. The patient also presented a persistent hyponatremia with a plasma
osmolality below 275 mOsm/kg of H,O, compatible with a syndrome of inappropri-
ate antidiuretic hormone secretion (SIADH). The patient evolved to cognitive
impairment and apraxia of speech and had 90 leukocytes/mm? and a protein 68 mg/
dL in CSF. MRI showed acute encephalitis involving putamen and nuclei of the
base bilaterally but discrete edema [35].

In 2002, in Cordoba, Argentina, a 61-year-old businessman with headache, fever
with chills, nausea, vomiting, unstable gait, left hand tremors, and diplopia was
admitted to a hospital. He was lethargic and had neck rigidity. His CSF revealed 18
leukocytes (80% lymphocytes)/mm?, 87 mg/dL of protein, and 48 mg/dL of glu-
cose. Meningeal signs evolved with frank cervical stiffness, positive Kerning sign,
and photophobia. Lower extremities were spastic with bilateral Babinski sign. He
had a wide-based gait and had dysdiadochokinesia. All symptoms disappeared after
5 days [36]. Diagnosis of infection was made using the hemagglutination inhibition
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test whose titers to SLEV increased between acute- (320) and convalescent-phase
(1280) samples. A serological survey of horses from various regions of Brazil
showed that 415 (55.1%) of the 753 studied horses were seropositive for flavivirus
and, among them, monotypic reactions were observed to SLEV in 93 (12.3%).
These results suggest SLEV is infecting horses in Southeast, Pantanal, and Northeast
of Brazil [37]. In 2007, during a large DENV-3 epidemic, six patients were found
infected by SLEV in the city of Sdo José do Rio Preto, southeastern Brazil. SLEV
genome was detected by RT-PCR in CSF of all six patients. From these, two chil-
dren had acute febrile illness, one of them had facial palsy, and both were diagnosed
with meningoencephalitis (the first cases of meningoencephalitis by SLEV reported
in Brazil). Their CSFs showed 12 (100% lymphocytes) and 286 (60% lymphocytes)
leukocytes/mm? and both survived [38]. Therefore, SLEV is endemic in South
America infecting horses and also producing small human outbreaks and sporadic
cases of meningitis and encephalitis, probably misdiagnosed as dengue or other
viral diseases.

ROCYV has produced an outbreak of encephalitis in the southern coast of Sao
Paulo State in 1973-1978, with 1021 reported cases [39]. ROCV patients pre-
sented acutely with fever, headache, anorexia, nausea, vomiting, myalgia, and mal-
aise. Encephalitis signs appeared later, including confusion, reflex disturbances,
motor impairment, meningeal irritation, and cerebellar syndrome. Some patients
presented convulsions. The disease produced sequelae such as visual, olfactory,
and auditory disturbances, lack of motor coordination, equilibrium disturbance,
swallowing difficulties, incontinence, and impaired memory in 20% of the survi-
vors. The case fatality rate of this ROCV outbreak was 10% [40]. After this out-
break, serologic evidence of ROCV circulation in the original area as well as in
other parts of Brazil have been reported, and public health authorities are always
concerned about reappearance of ROCV outbreaks in Brazil [6]. A serological sur-
vey of horses from various Brazilian regions showed that 415 (55.1%) of the 753
studied horses were seropositive for flavivirus, and among them, a monotypic reac-
tion to ROCV was found in 46 animals (6.1%). These results suggest that ROCV,
or other closely related virus, is infecting horses in Southeast, Pantanal, and
Northeast of Brazil [38]. Besides that, in 2010, testing 23 CSF samples from human
patients from Manaus City by RT-PCR, amplicons of ROCV genome from two
patients were amplified and sequenced. These were a 53-year-old man with sei-
zures and abnormal conscientiousness and a 30-year-old woman with headache,
vomiting, and signs of intracranial hypertension. Curiously, both had AIDS and the
woman also had tuberculosis. CSFs showed 45 and 29 lymphocytic cells/mm?, 153
and 328 protein mg/dl, and 48 and 56 mg/dl of glucose, respectively. Both survived
after 20 days of hospitalization (unpublished data, 2010). Interestingly, these
human cases occurred in the North of Brazil, more than 2000 km from where the
virus was originally isolated. Serologic evidence in horses and the casual finding
of human cases in Manaus show that ROCV circulates unrecognized in Brazil and
possibly in other South American countries, producing human infections including
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those of the CNS, particularly affecting immunodeficient individuals, such as
AIDS patients.

WNV is a pathogen from Africa and Asia that emerged in North America in 1999
and spread toward all the Americas. This virus causes a severe encephalitis in
humans and in horses. In North America, WNV has caused dozens of thousands of
clinical cases and some thousands of deaths of humans and horses [41]. WNV was
isolated in Argentina, in 2006, from the brain of three horses [42]. A serologic sur-
vey to WNV including sera of 753 healthy horses from Central-West, Northeast,
and Southeast Brazil showed 79 seropositive horses to WNV, and among them, 9
sera expressed WNV-specific neutralizing antibodies. Eight of these animals were
from the western Pantanal region in the State of Mato Grosso do Sul, and one was
from the State of Paraiba in the Northeast of Brazil [43]. Based on the virus intro-
duction in Argentina as well as on the results of serologic surveys shown above,
WNV has been introduced in Brazil, and it is probably spreading in the country
based on a transmission network that involves mosquitoes, birds, and horses. The
first human case of encephalitis by WNYV in Brazil was reported in 2014. A 52-year-
old agricultural worker man from Piaui State, Northeast of Brazil, presented an
acute febrile illness with headache, neck pain, vomiting, diarrhea, abdominal pain,
and severe muscle weakness. The patient evolved with a tonic-clonic seizure and
confusional state. Physical exam revealed nuchal rigidity, bilateral facial palsy, flac-
cid symmetrical tetraparesis and abolished myotatic reflexes. CSF showed 14 leu-
kocytes (85% lymphomonocytic cells)/mm?, 274 mg/dl of protein, and 59 mg/dl of
glucose. Diagnosis of WNV infection was made by serologic tests including posi-
tive neutralization test to the virus. MRI images were normal. The patient recovered
partially and was not able to walk after discharge [44]. It is probable that other
WNV infections have occurred unrecognized in Brazil, particularly in Northeast
and Pantanal regions.

OROV has caused large outbreaks of acute febrile illness with sporadic cases of
meningitis, in Amazon region and Central Plateau of Brazil as well as in Peru and
other South American countries [7, 10]. In a study performed from 2005 to 2010 in
Manaus City, in the Amazonas State, North Region of Brazil, CSF samples of 110
patients with meningoencephalitis were submitted to RT-PCR in order to identify
infecting viruses. OROV was found in three CSF samples. Patients were a 20-year-
old agricultural worker man, a 54-year-old fisherman man, and a 37-year-old
domestic worker woman. All patients referred headache; one patient had dizziness,
cloud vision, and Romberg sign; the second had fever, chills, and malaise; and the
third had nausea, vomiting, and paraplegia. CSFs showed 6, 134, and 533 lympho-
cytic cells/fmm?; 40, 107, and 136 mg/dl of protein; and 40, 50, and 107 mg/dl of
glucose, respectively. All patients survived after hospitalization. Interestingly, two
of these patients had other diseases affecting the CNS or immune system; the first
had neurocysticercosis and the last had AIDS [29].

A summary of reported infections of the central nervous system (CNS) caused
by arboviruses in Brazil is shown in Table 15.1.
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Table 15.1 Infections of the central nervous system (CNS) caused by arboviruses in Brazil

Arbovirus Family, genera Vector Disease Remarks
Dengue Flaviviridae, Aedes Acute febrile illness | Infection of CNS
Flavivirus aegypti and encephalopathy | related to serotypes,
in 0.5-6.2% [28] 1,2, and 3 [30, 31]
Zika Flaviviridae, Aedes Acute febrile illness, | Infection of CNS in
Flavivirus aegypti congenital and a child and in an
acquired infections immune-depressed
of the CNS [24, 26] | patient [27]
Rocio Flaviviridae, Culex Encephalitis with Two cases of
Flavivirus mosquitoes | 10% lethality [40] encephalitis in AIDS
patients
Saint Louis Flaviviridae, Culex Acute febrile illness | Small outbreak of
encephalitis | Flavivirus mosquitoes | and encephalitis meningoencephalitis
specially in elderly in the middle of a
with 5-15% lethality | dengue outbreak [38]
[5]
‘West Nile Flaviviridae, Culex Encephalitis One case of
Flavivirus mosquitoes encephalitis reported
in Brazil [44]
Chikungunya | Togaviridae, Aedes Acute febrile illness | Three cases of
Alphavirus aegypti and seldomly encephalitis reported
encephalopathy in Brazil [34, 35]
Oropouche Peribunyaviridae, | Culicoides | Acute febrile illness | Three cases of
Orthobunyavirus | paraensis | and eventually meningoencephalitis
[11] meningoencephalitis | reported in Manaus

[7]

City, two patients
had AIDS or
neurocysticercosis
[29]

Cases of encephalitis by DENYV, ZIKYV, and other flaviviruses show a central pat-
tern affecting neurons in the substantia nigra nucleus, thalamus, cerebellum, and
cerebral cortex, correlating with the neuroradiological findings in MRI, as shown in
Fig. 15.1 [45, 46]. These infections, particularly in immunodeficient individuals can
extend to other areas of the brain. CHIKYV, an Alphavirus, also produces encephali-
tis affecting the white matter in nuclei of the base and brainstem, and it can extend
to the internal capsule and the cerebellum, as shown in Fig. 15.1.

As final remarks on arboviruses producing infection of the CNS:

— There is no specific antiviral treatment for arboviruses that cause meningoen-
cephalitis. The treatment seeks to reduce cerebral edema by avoiding excessive
hydration and eventually using corticosteroids, in addition to providing support-

ive care.

— It is probable that serological diagnosis of ZIKV, ROCYV, and SLEV infections
may be confused with dengue due to cross-reactivity with this virus.

— Our data suggest that CNS invasion by ZIKV, ROCV, OROV, and probably other
arboviruses could be facilitated by immunodeficiency or by prior damage of the
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Fig. 15.1 (a) Magnetic resonance imaging (MRI) of a case of dengue encephalitis showing small
areas of hyperintensity on T2/fluid attenuation inversion recovery (FLAIR), bilaterally, on the
internal capsule (adapted of Queiroz et al. [31]); (b) MRI of a case of chikungunya encephalitis
showing multiple supratentorial FLAIR hyperintense foci (arrowheads) distributed randomly in
the white matter (adapted of Pereira et al. [34])

BBB. Arboviruses should be considered and tested in differential diagnosis of
patients with CNS infections that have underlying diseases such as immunodefi-
ciency or by prior neurologic pathologies.
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