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Potential role of dengue virus, chikungunya virus and Zika virus
in neurological diseases
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This study showed that laboratory markers of recent infection by dengue, Zika or chikungunya arboviruses were detected
in the biological samples of approximately one-third of patients with encephalitis, myelitis, encephalomyelitis or Guillain-Barré
syndrome, in a surveillance programme in Piaui state, Brazil, between 2015-2016. Fever and myalgia had been associated with these
cases. Since in non-tropical countries most infections or parainfectious diseases associated with the nervous system are attributed
to herpesviruses, enteroviruses, and Campylobacter jejuni, the present findings indicate that in tropical countries, arboviruses may

now play a more important role and reinforce the need for their surveillance and systematic investigation in the tropics.
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Arboviruses are responsible for a wide spectrum
of clinical syndromes, ranging from mild to severe fe-
brile illnesses, haemorrhagic fever or neuroinvasive dis-
eases.) In tropical regions, infections by dengue virus
(DENV) are associated with meningitis, encephalitis,
myelitis and polyradiculoneuritis.® In addition to caus-
ing acute febrile polyarthralgia and prolonged arthritis,
infection with chikungunya virus (CHIKV) can evolve
into severe neurologic complications, such as acute flac-
cid paralysis and encephalitis.®

The recent Zika virus (ZIKV) infection epidemic in
the Americas, recognised in Brazil in 2015, was asso-
ciated with an increase in the number of microcephaly
and Guillain-Barré syndrome (GBS) cases.® Thereafter,
atypical cases of ZIKV were also described as associ-
ated with severe neurological impairment, including en-
cephalitis, meningitis, acute transverse myelitis (ATM),
and acute disseminated encephalomyelitis (ADEM), as
well as with cases of death in individuals with autoim-
mune diseases.®
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The first human encephalitis case caused by West
Nile virus (WNYV) in Brazil was detected in Piaui state
in 2014.7 Since then, the Piaui state department of epi-
demiology has instituted a surveillance programme for
neurological disease. Cases of aseptic meningitis, en-
cephalitis, ATM and GBS have been submitted for epi-
demiological and laboratory investigation, which allows
monitoring the occurrence of these disorders.®

The first records of Zika fever and chikungunya fever
in Piaui state took place in 2015, when over 7,000 suspi-
cious cases of dengue were reported.® In response to the
preliminary information that ZIKV infections could be
related to the increase in acute neurological syndromes,
the Brazilian Ministry of Health (MoH) proposed a sur-
veillance protocol for neurological manifestations due
to viral infections, in November 2015.”) In accordance
with this protocol, laboratory tests for DENV, ZIKYV,
and CHIKYV should be performed in encephalitis, ATM,
ADEM and GBS cases reported in Piaui state.

The goal of this study was to assess the presence
of clinical and laboratory indicators of recent DENV,
ZIKV and CHIKV infections in acute encephalitis,
ATM, ADEM and GBS cases.

MATERIALS AND METHODS

The MoH surveillance protocol for neurological
manifestations due to viral infections recommended the
selection of a single reference hospital for diagnostic and
case investigation in Piaui state, but the state epidemi-
ology department chose to maintain the surveillance of
neuroinvasive syndromes decentralised and with higher
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sensitivity, akin to the strategy used to detect new WNV
infection cases. Therefore, all cases of ADEM, ATM,
GBS and encephalitis, regardless of fever, rash, myalgia
or arthralgia, were reported and investigated. Physicians
in Piaui state were informed of the surveillance protocol
by presentations at clinical meetings at selected hospi-
tals, by correspondence with infectious and neurologi-
cal disease physicians, and through local health depart-
ments. Patients were referred to the study by physicians
or by infection control practitioners. Accordingly, en-
cephalitis, ATM, ADEM and GBS cases were identified
through daily verification of the diagnostic hypothesis
listed in the medical records of the hospitalised patients
- performed by hospital epidemiological surveillance
teams (active surveillance), and by spontaneous notifica-
tions by assistant medical teams (passive surveillance).
Five tertiary care hospitals in Piaui state were consid-
ered sentinel units, but all other hospitals were also able
to notify and investigate cases. Thereafter, the state epi-
demiology department was notified of suspected cases
by infection control practitioners and health profession-
als from 11 hospitals in Piaui state and through ongoing
state-based surveillance for neurological manifestations
due to WNV and other arboviral infections. The cases of
encephalitis, myelitis and encephalomyelitis attributed
to central nervous system (CNS) bacterial, mycobacte-
rial, fungal or parasitic infections or to autoimmune dis-
eases were not included in the surveillance protocol.”?
Serum and cerebrospinal fluid (CSF) samples taken
during the acute phase were subjected to quantitative
reverse transcription real-time polymerase chain reac-
tion (RT-qPCR) for genome detection of DENYV, ZIKV
and CHIKV.(1%1112.19 Enzyme-linked immunosorbent as-
says (ELISAs) were performed to detect IgM antibod-
ies against DENV, ZIKV and CHIKYV in paired sera and
CSE.141 For the differential diagnosis, CSF samples
from patients with CNS damage (encephalitis, ATM and
ADEM) were tested by polymerase chain reaction (PCR)
for herpesviruses and by reverse transcription polymerase

chain reaction (RT-PCR) for enteroviruses.'*'” For GBS
cases, serum samples were also tested for Campylobacter
Jejuni 1gM antibodies by ELISA (Serion ELISA Classic,
Institute Virion/Serion, Wurzburg, Germany).

As part of the strategy to detect new cases of WNV
infection that was implemented in 2014, serological and
molecular tests for WNV were also performed on the
study samples. A panel of hemagglutination inhibition
tests in paired sera and CSF samples was used to de-
tect antibodies against other Flavivirus (Saint Louis en-
cephalitis virus, Ilheus virus and Rocio virus), Alpha-
virus (Eastern equine encephalitis virus and Western
equine encephalitis virus), and Orthobunyavirus (Oro-
pouche virus), as previously described, as a laboratory
screening procedure to broaden the diagnostic protocol
for nervous system infections.™®

Following clinical, radiological, electrophysiologi-
cal and histopathological parameters, neurological cases
were classified according to the Brighton collaboration
diagnostic certainty levels. The cases attributed to arbo-
viral infections were classified according to the Centers
for Disease Control and Prevention (CDC) neuroinvasive
arboviral infection case definitions, following clinical
and laboratory criteria.!” The association between the
presence of clinical and laboratory findings suggestive
of arbovirus infection and the actiology of neurological
damage was assessed by Fischer’s exact test (p < 0.05).

Ethics committee approval - This study was ap-
proved by Piaui State University Ethics Committee un-
der the register no. 2.146.280/2017.

RESULTS

In the 12-month period from November 2015 to Octo-
ber 2016, there were 74 reports of neurological syndrome
cases possibly related to viral infection: encephalitis (35),
GBS (21), transverse myelitis (12) and encephalomyelitis
(6). The 74 reported cases were classified (according to
Brighton collaboration level of diagnostic certainty), as
follows: 21% reached level 1, 51% reached level 2, and
28% reached level 3.

TABLE I

Serological and molecular tests that defined the etiological diagnosis of 74 patients with acute neurological impairment*

Etiology n° (%) Laboratory test’

Chikungunya virus 13 (17) CSF IgM (4), CSF RT-qPCR (1), and serum IgM (8)
Dengue virus 8 (11) CSF RT-qPCR (2) and serum IgM (6)
Herpes simplex virus 709) CSF PCR (all)

Campylobacter jejuni 5() Serum IgM (all)

Zika virus 34 CSF RT-qPCR (1), CSF IgM (1), and serum IgM (1)
Flavivirus® 2(3) CSF IgM (all)

Varicella-zoster virus 203) CSF PCR (all)

Enterovirus 1(1) CSF RT-PCR

Not determined 33 (45) -

Total 74 (100)

CSF: cerebrospinal fluid; PCR: polymerase chain reaction; RT-PCR: reverse transcription polymerase chain reaction; RT-qPCR: quan-
titative reverse transcription real-time polymerase chain reaction; a: encephalitis, transverse myelitis, encephalomyelitis, and Guillain-
Barré syndrome; b: the arboviral neuroinvasive diseases were classified as confirmed if CSF or serum RT-PCR tests resulted positive
or CSF IgM was detectable, and as probable if only serum IgM was detectable; c: simultaneous detection of IgM against dengue virus
and Zika virus; d: negative serological and molecular tests for arboviruses, enteroviruses, herpesviruses and Campylobacter jejuni.



Laboratory indicators for current (by RT-qPCR) or
recent (by IgM-ELISA) infection by DENV, ZIKV or
CHIKYV in serum or CSF were found in 26 (35%) of
the neurological cases reported, including four deaths
(Table I). According to CDC laboratory case definitions
for arboviral neuroinvasive diseases, 15 suspected cases
were classified as probable and 11 as confirmed (Table
II). The surveillance strategy also detected cases attrib-
utable to herpes simplex virus, varicella-zoster virus and
enteroviruses (Table I). There were no cases attributed
to Flavivirus other than DENV and ZIKV, to Alphavirus
other than CHIKYV, or to Orthobunyavirus. During the
assessed period, 7,512 cases of dengue, chikungunya or
Zika fever were reported in Piaui state, resulting in a
proportion of three neuroinvasive cases for every 1,000
arboviral disease reports.®

Neurological cases attributed to arboviruses were as-
sociated with fever (p = 0.01) and myalgia (p = 0.04), but
an association between these cases and cutaneous rash,
conjunctival hyperaemia, arthralgia, arthritis, leukope-
nia or thrombocytopaenia was not found. The diagnosis
of recent arboviral infection was not related to a greater
occurrence of intra-hospital death (Table IIT).

DISCUSSION

The preliminary results of the surveillance protocol
for neurological manifestations likely associated with
viral infections in Piaui state showed that around one
third of the infectious, post-infectious or parainfectious
neurological syndromes reported in the first 12 months
after its implementation could have been related to in-
fection by DENV, CHIKV or ZIKV.

Before the emergence of the Zika and chikungunya
viruses and the implementation of sentinel surveillance
for neuroinvasive infectious syndromes, a similar study
completed in a city in the Brazilian Amazon also showed a
participation of arboviruses in the genesis of neurological
cases.?® The World Health Organization has considered
the presence of neurological manifestations as a marker
of severe dengue presentation since 2009. A study con-
ducted in Rio de Janeiro state, Brazil, showed that DENV
infection was responsible for nearly 50% of hospitalisa-
tions for meningoencephalitis, from 2006 to 2008.?Y

Neurological complications account for up to 25% of
atypical cases and up to 60% of severe atypical cases of
CHIKYV infection. Reported cases range from enceph-
alitis, optic neuritis, or myeloradiculitis to GBS.®? In
many cases, neurological signs start after a symptom-
free interval of one-three weeks, pointing to an autoim-
mune process.®??

One single-centre Brazilian cohort showed that
ZIKV appeared to be associated with an increase in
the incidence of a spectrum of serious neurologic syn-
dromes among adults.?® A case-control study indicated
that GBS was strongly associated with Zika-like illness
in Bahia state, Brazil, suggesting that acquired ZIKV
infection may result in severe neurologic complications.
@9 Our study investigated the arboviral aetiology in a
series of neurological cases during a period when den-
gue, Zika and chikungunya arboviruses were circulat-
ing in Piaui state, Brazil.
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The prevalence of laboratory indicators of recent or
current infection by arboviruses among the neurologi-
cal cases registered during the studied period contrasts
with previous descriptions from non-tropical countries,
where herpesviruses and enteroviruses are involved in
the genesis of the most CNS viral infections. The current
guidelines for encephalitis management estimates that
CSF PCR tests for HSV-1, HSV-2, varicella-zoster virus
and enteroviruses can identify 90% of the cases due to
known viral pathogens.?>2%2” Now, amid the concurrent
epidemics of DENV, ZIKV and CHIKY, this projection
cannot be applied to Brazil or, possibly, to other tropical
countries because a large proportion of the population is
exposed to the dedes aegypti and to these three arbovi-
ruses. In addition, there is evidence of other neurotropic
arboviruses circulating in Brazil, such as WNV, St. Lou-
is encephalitis virus, Ilheus virus, and Oropouche virus.
79 However, the large percentages of arboviral cases
found in this study may reflect physicians’ practices of
referring cases of encephalitis and other neurological
syndromes that are clinically more probable to be attrib-
uted to DENV, ZIKV, or CHIKV.

Surveys conducted in non-tropical countries have
shown that respiratory and gastrointestinal infections
are the main early triggers for GBS. The most frequently
identified cause of GBS preceding infection worldwide
is the Gram-negative bacillus C. jejuni.*® However, in
Brazil and other tropical countries, DENV, ZIKV or
CHIKYV certainly play a more important role in GBS
genesis than previously described.

The only clinical findings suggestive of arboviral in-
fection associated with laboratory diagnosis of DENV,
ZIKV and CHIKYV in patients with neurological mani-
festations in this study were fever and myalgia. How-
ever, accurate information about symptoms in patients
with encephalitis that quickly evolved to aphasia or
coma was limited. In addition to this, there is an exten-
sive overlap between classic arboviral clinical manifes-
tations and infections by other neurotropic viruses. For
example, exanthema could occur in infections caused by
enteroviruses or by varicella-zoster virus, and conjunc-
tival hyperaemia occurs in infections caused by human
herpesvirus I virus and enterovirus.?” In addition, the
excessive percentage of neurological cases with unde-
termined aetiology may have hampered the precision
of association inferences. Despite the use of advanced
microbiological diagnostic tools, aetiological diagnosis
is reached in less than 50% of cases of presumed viral
infections of the CNS®329 - consistent with our study.

Occurrence of leukopenia and thrombocytopenia is
rarely reported in ZIKV or CHIKV infection cases.?”
These cases were not associated with a greater occur-
rence of intra-hospital deaths, in contrast to herpetic en-
cephalitis, which leads to high morbidity and mortality
rates, even among patients treated with acyclovir.?627

The results of the sentinel surveillance in Piaui state
should be interpreted with caution since many cases were
diagnosed only by detection of serum IgM. Indeed, there
is an extensive cross-reactivity between flaviviruses, and
IgM remains detectable in the serum for approximately
three months after the infection. Therefore, although
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TABLE III

Clinical and laboratory findings and in-hospital outcome of 74 patients
with possible acute viral neurological impairment” registered in the state of Piaui

Arboviral neuroinvasive disease”

Non-arboviral neuroinvasive disease

(n=26) (n=48)
n* (%) (%) p
Clinical findings
Fever 22 (85) 21 (44) 0.01
Rash 8 (31) 9(19) 0.19
Conjunctival hyperaemia 2 (8) 4 (8) 0.64
Arthralgia / arthritis 8 (31) 8 (17) 0.14
Myalgia 11 (42) 10 (21) 0.04
Laboratory data
Leukopenia 14) 3(6) 0.55
Thrombocytopenia 3 (16) 3(6) 0.51
In-hospital outcome
Death 7(27) 6 (13) 0.11

a: encephalitis, transverse myelitis, encephalomyelitis, and Guillain-Barré syndrome; b: dengue, Zika or chikungunya fever;

c: Fisher’s exact test.

unlikely, it is possible that the serum IgM-ELISA results
were due to previous and unrelated infections by the tested
arboviruses or by other cross-reactive arboviruses. In fact,
CDC case definitions for arboviral neuroinvasive diseases
consider as probable the cases where IgM antibodies are
detected only in serum and, as confirmed, the cases where
IgM is detected in CSF or the viral genome is detected in
CSF or serum. Although the detection of neutralising se-
rum antibodies allied to IgM reactivity can also confirm
neuroinvasive arboviral infection, the plaque reduction
neutralisation test (PRNT) is not always able to provide a
definitive determination of the specific flavivirus causing
a recent infection, particularly in people with a prior his-
tory of flavivirus infection. For this reason, PRNT confir-
mation is not routinely recommended for people living in
areas with high levels of circulating flaviviruses.!” Here,
just over half of the neuroinvasive arboviral diseases were
classified as probable. However, the cases in which there
was simultaneous positivity for ZIKV and DENV by IgM-
ELISAs were considered only as presumptive diagnoses
of recent infection by Flavivirus.®

In conclusion, the results of the first year of the MoH
sentinel surveillance of neurological manifestations that
likely are associated to viral infections in Piauf state, Bra-
zil, showed that arboviral infections by DENV, ZIKV and
CHIKYV played an important role as causes of GBS, en-
cephalitis, and transverse myelitis and reinforce the need
for surveillance and systematic investigation of these neu-
rological diseases.
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