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Background: Recently, different arboviruses became endemic in Brazil mostly
causing acute febrile illnesses, however, neurological manifestations have also
been reported. This study aimed to investigate which viruses were involved in
the meningitis etiology and the contribution of the circulating arboviruses in
Salvador, Bahia, Brazil.

Methods: From June 2014 to February 2016, 170 patients with suspected viral
meningitis were identified in Couto Maia Hospital, Salvador-BA, Brazil. Their
CSF samples were investigated for possible viral etiology by reverse
transcription-PCR (RT-PCR) for different arboviruses: DENV, ZIKV and CHIKV;
and for the EV; and by PCR for the HHV1-5 complex (HSV1-2, VZV, EBV and
CMV). Also, ELISA was carried out in a subgroup of remaining samples for
detection of DENV IgM and NS1 antigen, CHIKV IgM and ZIKV IgM.

Results: Thirty-seven patients were PCR or ELISA positive for at least one of the
studied viruses (overall positivity 21.8%). EV was the agent most frequently
detected (10 cases; 27.0%), along with all four DENV serotypes (10 cases;
27.0%); followed by CHIKV (6 cases; 16.2%), ZIKV (6 cases; 16.2%), and Varicella
zoster virus (VZV) (1 case; 2.7%). Four cases (10.8%) presented viral co-infection
detected: DENV1 + CHIKV, DENV1 + EV, DENV4 + ZIKV, and CHIKV + ZIKV.
Arboviruses (DENV, CHIKV and ZIKV) accounted for the great majority of cases
(26 cases; 70.3%) of all single and co-infections: DENV has been the most
frequently detected arbovirus (13 cases; 35.1%). Among non-arboviral meningitis,
the most common etiology was the EV (11 cases; 29.7%).
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Conclusions: Arboviruses accounted for the majority of identified viruses
among patients with suspected viral meningitis. In areas where they are
endemic it is crucial to increase viral surveillance and consider them in the
differential diagnosis of meningitis.
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Introduction

After the introduction of vaccines against the causative
agents of bacterial meningitis in Brazil between 1999 and
2010, the relative importance of viral meningitis in the country
increased. In Brazil, between 2010 and 2020, there were 186,766
reported cases of meningitis nationwide, 85,202 (45.7%) of
which were considered to have a viral etiology. Alone, the state
of Bahia, located in the country’s Northeast Region, accounted
for 9,014 cases of meningitis, of which 4,307 (47.8%) were
suspected viral meningitis (1). Even though many cases are
not reported, the actual burden of viral meningitis is probably
much more significant (2).

Classically, viral meningitis is associated with non-polio
enterovirus (EV). Viruses from Herpesviridae family (HHV)
have been implicated in meningitis and encephalitis within
immunocompromised individuals (3, 4). Viral meningitis is
characterized by acute onset of fever, headache, photophobia,
and neck stiffness, often accompanied by nausea and vomiting.

Dengue virus (DENV), Chikungunya virus (CHIKV), and
Zika virus (ZIKV) are arthropod-borne viruses (arboviruses)
transmitted by mosquitoes from the genus Aedes that cause
mostly acute fever illnesses. Arboviral infections have become
more frequent in the last decades due to urbanization,
deforestation, and other anthropogenic effects, imposing a
considerable burden on the Brazilian population, with yet
unmet solutions (5).

In the last three decades, DENV caused the greatest public
health problems in Brazil, with continuous reintroductions that
were responsible for the maintenance of the virus in the country
and the introduction of new lineages and co-circulation of the
four DENV serotypes (6). CHIKV was first documented in
Brazil in 2014 (7), followed by ZIKV in 2015 (8). Since then,
the northeastern regions of Brazil where Salvador, the capital of
Bahia, is located has been experienced the co-circulation of those
three arboviruses in a hyperendemic manner (9, 10). The city
of Salvador is a large urban setting with a population of
approximately 3 million inhabitants with a long history of
bacterial meningitis. Aseptic causes were previously reported
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and included non-polio enterovirus and leptospirosis but no
arbovirus or other infectious agents were found (11).

Despite their well-known relevance in acute febrile illnesses,
presenting non-specific signs and symptoms (fever, myalgia and
arthralgia), DENV, CHIKV, ZIKV and other arboviruses have
also been associated with neurological manifestations over the
last years (12-14). ZIKV is notorious due to its range of
neurological manifestations in fetuses and newborns. Still, it
has also been associated with outcomes in adults with
meningoencephalitis, myelitis, and Guillain-Barré syndrome
(GBS) (15).

Therefore, the inclusion of arboviruses in the differential
diagnosis of central nervous system (CNS) infections
has been considered increasingly important, especially in
endemic regions.

This study aimed to investigate which viruses are involved in
the meningitis etiology and the contribution of arboviruses as
the putative cause of the illness in Salvador, Bahia, Brazil.

Materials and methods
Study design, site and patients

From June 2014 to February 2016, a cross-sectional
surveillance study was conducted involving patients with
suspected viral meningitis seen at Couto Maia Hospital, a
public reference hospital for infectious diseases in Salvador,
the capital of the state of Bahia-Brazil. All patients who
underwent lumbar puncture as part of routine diagnosis and
met the following inclusion/exclusion criteria were invited to
participate in the study: patients whose cerebrospinal fluid (CSF)
presented a predominance of mononuclear leukocytes or <100
polymorphonuclear leukocytes, as well as were a negative test for
bacteria in CSF. The present study was approved by Fiocruz-BA
institutional review board (protocol no. 613.123). All
participants or their legal guardians, in the case of children
and patients lacking mental capacity, provided written
informed consent.
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Data and sample collection

Demographic, medical, and epidemiological background, as
well as clinical and laboratory data, were collected through
interviews and medical chart reviews. REDCap software
(Vanderbilt University, USA) was used for data management.

A total of 170 patients with suspected viral meningitis were
enrolled. The mean patient age was 22.2 years old (median = 18
years old, range: 1 month to 73 years old). Neither gender was
predominant, as 50.6% (86/170) of the sample was female versus
49.4% (84/170) male. Most individuals were of African descent
(88.0% self-reported black or brown skin color) and lived in
Salvador or surrounding municipalities (Salvador Metropolitan
Area, 83.4%, Table 1).

CSF samples from all 170 subjects were collected, but the
volume varied considerably among participants. Within 2 h after
lumbar puncture, all samples were aliquoted and stored
immediately at -20°C freezers. Transportation to Fiocruz-BA
was carried out in dry ice weekly for definitive storage at -70°C
freezers until use. Aliquots for molecular testing were not thawed
more than once prior to analysis to avoid RNA degradation.

TABLE 1 Demographic baseline data from patients with suspected
viral meningitis attended Couto Maia Hospital, between July 2014
and February 2016, Salvador (BA), Brazil.

Demographic baseline data Total
N+ n %
Gender 170
Male 84 49.4
Female 86 50.6
Skin color/Ethinicity 167
White 16 9.6
Brown 104 62.3
Black 43 25.7
Asian 1 0.6
Indigenous 3 1.8
Years of age 170
<5 41 24.1
6-10 17 10.0
11-15 20 11.8
16-20 15 8.8
21-30 24 14.1
31-40 22 12.9
41-50 16 9.4
> 50 15 8.8
Place of residence 169
Salvador Metropolitan Area 141 83.4
Other cities 28 16.6

*Total varies according to data availability.
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Laboratory diagnosis

CSF study

Routine laboratory testing of CSF samples as performed by
hospital laboratory personnel consisted of total and differential
cell counts, glucose and protein level determination, direct
microscopy of CSF Gram, Ziehl-Neelsen and India-ink
bacteria staining and culturing to detect bacteria, fungi, and
Mpycobacterium tuberculosis.

Molecular testing

EV, DENV, CHIKYV, and ZIKV RNA genomes were extracted
using a QIAamp® Viral RNA Mini kit (QIAGEN, USA) from 140
uL of CSF, while HHV DNA was extracted using QIAamp®
MinElute Virus Spin kit (QIAGEN, USA) from 200 pL of CSF;
both procedures were conducted in accordance with the
manufacturer’s instructions. All samples were extracted at least
twice, and the extraction was repeated when necessary. RNA
templates were reverse transcribed into cDNA using random
primers (Invitrogen, USA) and Sensiscript reverse transcriptase
(Qiagen, USA) as per manufacturer’s directions. cDNA and
DNA templates were amplified by PCR using Top Taq Master
Mix (QIAGEN, USA) and previously described virus-specific
primers were utilized for DENV1-4 (designed by Lanciotti,
Calisher (16), for CHIKV (designed by Edwards, Welch (17), for
ZIKV (designed by Balm, Lee (18), for EV (designed by Santos,
Burlandy (19) and for HHV1-5 (designed by Markoulatos,
Georgopoulou (20). To the most extent, we used singleplex PCR
(except for DENV and HHYV, which were multiplex), so there were
many PCR reactions per sample. PCR conditions were replicated as
described by the authors cited above, and results were analyzed by
electrophoresis on a 3% agarose gel.

Immunodiagnostic testing

Due to the low volume of some samples, immunodiagnostic tests
were performed in a subgroup of 107 remaining CSF using Dengue
IgM Capture ELISA (Abbott, USA) and Panbio Dengue Early ELISA
(Alere, USA) for determining DENV IgM and the NSI1 antigen,
respectively, and Eurolmmun Chikungunya virus IgM ELISA
(Perkin-Elmer, Germany) in accordance with the respective
manufacturer’s instructions. In addition, 98 CSF samples that were
available at the time were also tested for ZIKV IgM following the CDC
Zika MAC-ELISA protocol (21). For a test to be valid, the optical
density from the ratio of the positive and negative (P/N) controls must
be greater than or equal to 2.0. Since the CSF was not submitted
alongside a patient-matched serum, only specimens with P/N greater
than or equal to 3.0 were reported as presumptive ZIKV IgM positive.

Statistical analysis

Statistical analyses were performed using SPSS v.21 (22) and
STATA v.10.0 (23) software. All events of interest were reported
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as proportions. Prevalence ratios (PR) were used as a measure of
associations. To compare proportions, the Chi-square test or
Fisher’s exact test were used, and P-values < 0.05 were
considered significant.

Results
Viral infection positivity

Thirty-seven patients tested positive for at least one of the
studied viruses (overall positivity 21.8%) under PCR or ELISA.
Of all tested samples, 17.1% (29/170) were PCR positive and
9.3% (10/107) were ELISA positive. We did not obtain positive
results for the same virus in both methodologies. However, for
two coinfections the viruses were both detected by PCR and for
the other two coinfections, one virus was detected by PCR and
the other by ELISA (Table 2).

EV was the agent most frequently detected (10 cases; 27.0%),
along with all four DENV serotypes (10 cases; 27.0%); followed
by CHIKV (6 cases; 16.2%) and ZIKV (6 cases; 16.2%) and
Varicella zoster virus (VZV) (1 case; 2.7%). Four cases (10.8%)
presented viral co-infection detected: DENV1 + CHIKYV,
DENV1 + EV, DENV4 + ZIKV, and CHIKV + ZIKV (Table 2).

TABLE 2 Viral diagnosis from patients with suspected viral
meningitis who attended Couto Maia Hospital, between July 2014
and February 2016, Salvador (BA), Brazil.

Viral diagnosis* Total (N = 37)
PCR ELISA* %
Single infections 33
Dengue virus 10 0 27.0
DENV1 6 0 16.2
DENV2 0 0 0
DENV3 2 0 54
DENV4 2 0 54
CHIKV 4 2 16.2
ZIKV 0 6 16.2
EV 10 27.0
HHV3 (or VZV) 1 - 2.7
Co-infections 4 10.8
DENVI+EV 1 - 2.7
DENV1+CHIKV 1 0 2.7
DENV4+ZIKV 1 2.7
CHIKV+ZIKV 1 2.7
Summary
Arboviruses 26 70.3
Non-arbovirus only 11 29.7

Dengue virus (DENV), Enterovirus (EV), Chikungunya virus (CHIKV) and Human
Herpes viruses (HHV1-5) were diagnosed by PCR in all CSF samples. DENV and CHIKV
serological markers were also detected in a subgroup of 107 CSF samples by ELISA, while
ZIKV was tested in a subgroup of 98 CSF remaining CSF samples by ELISA only*.
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Arboviruses (DENV, CHIK and ZIKV) accounted for the
great majority of cases (26 cases; 70.3%) of all single and co-
infections. DENV was the most frequently detected arbovirus
(13 cases; 35.1%): 8 (21.6%) were DENVI serotype, while 2
(5.4%) were DENV3, and 3 (8.1%) were DENV4, CHIKV was
detected in 8 (21.6%) cases, but no case of DENV2 and ZIKV
was identified by PCR. All 107 remaining samples tested
negative both for DENV IgM and the NSI antigen by ELISA.
Only 98 samples were submitted to ZIKV IgM testing, of which 8
(21.6%) demonstrated ELISA positivity.

Non-arbovirus infections were mostly represented by EV (11
cases; 29.7%). Only one (2.7%) sample tested positive for
Varicella zoster virus (VZV, also known as HHV3). No cases
of HSV1-2 (HHV1-2), EBV (HHV4) or CMV (HHVS5) were
detected (Table 2).

Epidemiological surveillance

The temporal distribution of the number of confirmed and
suspected viral meningitis cases is shown in Figure 1. There was
no clear seasonal pattern for any of the studied viruses. DENV1
was detected exclusively in 2014 alone or in coinfection with EV
and CHIKYV. On the other hand, DENV3 and DENV 4 were
detected after 2015. First two CHIKV cases were detected in
August 2014. ZIKV cases were detected from May through
December 2015.

CHIKYV cases were detected in one patient from Amargosa (a
city located about 240 km from Salvador and about 150 km from
Feira de Santana) and another from Salvador. The only ZIKV
case detected outside Salvador Metropolitan Area was from
Itaberaba (a city located about 300 km from Salvador). VZV
was detected in Salvador Metropolitan Area.

Clinical and hospital course

Among all suspected cases, fever (80.5%) was the most
frequently reported sign and symptom upon attendance,
followed by vomiting (53.8%), neck pain (50.0%) and neck
rigidity (32.0%). Considering the neurological manifestations,
headache (80.4%) was the main symptom, followed by
somnolence (14.4%), seizures (8.2%) or altered state of
consciousness (6.6%). Other frequent signs and symptoms
were myalgia (25.4%), arthralgia (24.3%) and retro-orbital pain
(21.1%). The same profile was observed among confirmed cases,
except for neck rigidity, which was a little higher in this group
(32.0% vs 44.1%, Supplementary Table 1).

Most suspected cases (57.9%) were referred from other health
care units and 63.7% of them sought medical attention <5 days after
initial symptoms. Despite clinical presentation and suspicion of
viral meningitis, only 36.9% (62/168) of patients were hospitalized
for 10.8 days on average (ranging from 1 to 54 days). All confirmed

frontiersin.org


https://doi.org/10.3389/fitd.2022.1023588
https://www.frontiersin.org/journals/tropical-diseases
https://www.frontiersin.org

Dias et al.

20
18
16 —
14
12

10

Number

0
IJuI Aug Sep Oct Nov Dec

10.3389/fitd.2022.1023588

(= EV

[ CHIKV

EA DENV1

EE3 DENV3

E3 DENV4

vzv

ZIKV

P2 DENV1 + EV
N DENV1 + CHIKV
DENV4 + ZIKV
M CHIKV + ZIKV
[ Negative

Jan Feb
h 1

2014

IJan Feb Mar Apr May Jun Jul Aug Sep Oct Nov DecI
I
2015

I 1
2016

Month/Year

FIGURE 1

Number of suspected viral meningitis cases included in the study among patients who attended Couto Maia Hospital, between July 2014 and

February 2016, Salvador (BA), Brazil

cases presented no complications and were discharged without
sequelae, whereas three negative cases presented with sequelae (data
not shown).

CSF samples from most suspected patients were deemed
“normal”: colorless (95.2%), limpid (79.0%), presenting a cell
count <5 cells/mm? (60.8%) with predominance of mononuclear
leukocytes (97.0%). CSF glucose and protein were within the
normal range, 69.5% and 68.3%, respectively (data not shown).
For confirmed cases, we observed the same pattern, excluding
cell count <5 cells/mm?®, which was less frequent (46.9%) (data
not shown).

When data is stratified by etiological agent, gender varies
widely. Arboviruses were frequently detected among adults older
than 15 years old while EV were confirmed mostly among
younger patients. Fever and headache remained the most
frequent clinical sign and symptoms throughout all agents.
Myalgia was slightly more frequent among CHIKV cases and
co-infected individuals, while arthralgia was frequent among
both CHIKV and ZIKV cases (Table 3).

Prevalence ratio analysis and the risk of
viral meningitis

Overall positivity of viral meningitis was not associated with
any medical background, clinical or hospital course
characteristics, except neck rigidity and a CSF sample presenting
a turbid aspect. Arboviruses, as a group, were associated with neck
rigidity only. A CSF sample presenting turbid aspect and more
than 5 cells/mm?® were statistically significant variables within the
ZIKV cases. Being <15 years of age, a CSF sample presenting a
turbid aspect and more than 100 cells/mm?® were statistically
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significant variables within the EV cases. There was no
association between the studied characteristics and DENV,
CHIKYV or VZV (Supplementary Table 2).

Discussion

This study aimed to investigate which viruses were involved
in the meningitis etiology and the contribution of arboviruses as
a cause of the illness in Salvador, Bahia, Brazil. Despite Brazil
having a well-organized network of public health laboratories for
surveillance and diagnosis, molecular methods have been
available for a limited number of agents, such as virus-causing
chronic diseases (HIV, HCV, and HBV) and arboviruses in the
context of acute fever illnesses. Thus, viral meningitis remains
barely identified.

Although classically associated with acute febrile illnesses,
the inclusion of arboviruses in the differential diagnosis of CNS
infections had been considered increasingly important
throughout the years, especially in endemic regions where they
have been associated with neurological manifestations (12-14).
The mechanisms underlying potential viral persistence and the
contribution of neuroinflammation to CNS pathophysiology are
unclear. However, arboviral infections may have long-lasting
effects on the nervous system because of the direct interaction of
viruses with cells of the brain, or, indirectly, because of the
neuroinflammatory status found associated with the
infections (24).

Indeed, arboviruses were responsible for 70.3% of all
confirmed cases, including DENV, CHIKV and ZIKV. DENV
was the most prevalent virus identified, accounting for 35.1% of
the positive cases. DENV-1 was the most frequently reported,
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TABLE 3 Data stratified by etiological agent from patients with confirmed viral meningitis who attended Couto Maia Hospital, between July 2014

and February 2016, Salvador (BA), Brazil.

DENV CHIKV
(n =10) (n=6)
Demographic baseline data
Gender, male 3 (30.0) 2 (33.3)
Years of age, < 15 3 (30) 1(16.7)
Clinical data
Signs and symptoms of meningitis
Fever 10 (100.0) 4 (80.0)*
Vomiting 5 (50.0) 3 (50.0)
Neck pain 5 (50.0) 4 (66.7)
Neck rigidity 4 (44.4)* 2 (33.3)
Photophobia/photosensitivity 3(33.3)* 1 (20.0)*
Neurological signs
Headache 10 (100.0) 5(83.3)
Somnolence - 1 (20.0)*
Altered state of consciousness 1(11.1)* -
Seizures 1(11.1)* -
Others
Myalgia 2 (222)* 2 (33.3)
Arthralgia 3 (37.5)* 3 (50.0)
Retro-orbital pain 2 (28.6)* 1(16.7)
Diarrhea - 1 (20.0)*
Hospital course
Hospitalized 3(30.0) 1(16.7)
Normal neurological status upon attendance 9 (90.0) 6 (100.0)

*Total varies according to data availability.

which is also a reflection of DENV serotype circulation in Brazil
(25). Similar to our results, Acevedo, Waggoner (12) found that
DENV was responsible for 31.2% of positive cases. It’'s been
reported that DENV meningitis caused may occur without the
signs and symptoms classically assigned to DENV cases (14),
and only about one-third of our DENV cases presented classical
symptoms, such as myalgia, arthralgia and retro-orbital pain
(data not shown).

Even though EV is classically the major virus causing
meningitis (3, 4), it was the second most prevalent virus in the
present study, accounting for 29.7% of the positive cases. In the
literature, it is responsible for 32.6% to 70.1% of viral meningitis
cases (13, 26, 27). In a study carried out in the same reference
hospital as the present study, Silva, Tanajura (11) had a detection
rate of 44.6% (50/112), and EV accounted for 84% of that
positivity [19]. In their study, CSF and/or stool culture were
available, as well as PCR, but they did not detect any arbovirus.

de Crom, van Furth (28) analyzed meningitis cases caused by
EV in the absence of CSF pleocytosis. The authors concluded that
especially in young children, the absence of pleocytosis does not
justify the EV exclusion from the differential diagnosis. This
conclusion supports our decision of including patients who
presented a CSF cell count of any value in case of mononuclear
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ZIKV EV VZV Co-infections
(n=6) (n=10) (n=1) (n=4)
5(83.3) 7 (70.0) 1 (100.0) 3 (75.0)
2(33.3) 8 (80) 1 (100) 3 (75)

3 (60.0)* 8 (80.0) 1 (100.0) 4 (100.0)
3 (60.0)* 7 (70.0) 1 (100.0) 3 (75.0)
1 (20.0)* 2 (28.6)* 1 (100.0) 1(25.0)
4(66.7) 3 (333) 1 (100.0) 1(33.3)*
2 (40.0)* 1(12.5)* 1 (100.0) 1(33.3)*
5 (100.0)* 7 (77.8)* 1 (100.0) 4 (100.0)
1(25.0)* 1(14.3) - 1(25.0)
_ - - 1(33.3)*

2 (40.0)* - 1 (100.0) -
1 (25.0)* 2 (28.6)* - 2 (100.0)*

2 (50.0)* 1(14.3) - -

3 (75.0)% 1(14.3)* - -
1(167) 1(111)* - 1(33.3)*
3 (50.0) 5 (50.0) 1 (100.0) 2 (50.0)
6 (100.0) 10 (100.0) 1 (100.0) 3 (75.0)

leukocyte predominance, and it also supports the results presented
in this paper, in which 47.1% of CSF from patients with detectable
virus presented <5 cells/mm?®. Viral meningitis should be
considered even when CSF cell count is under the established
normal range cutoff of 5 cells/mm”.

CHIKYV accounted for 21.6% of the positive cases. CHIKV
was first identified in Bahia in an outbreak in the city of Feira de
Santana (about 120 Km from Salvador) in September 2014, but
the epidemiologic investigations suggested that the index case-
patient went to an emergency health unit in May (7, 29, 30). In
this study, the first two CHIKV cases were detected in August
2014, one from the city of Amargosa (about 150 km from Feira
de Santana) and the other from Salvador. These findings suggest
that CHIKV could be quickly transmitted to other municipalities
farther than 100 Km from Feira de Santana.

ZIKV accounted for 21.6% of confirmed cases, and its
presence in the CNS has already been described by several
authors, including cases of meningitis/encephalitis (12, 31).
This detection of this virus in the CSF coincides with the same
period of its identification in Brazil, in early 2015 (32). The
detection in Itaberaba (about 300 km from Salvador) may be
related to the high flow of people to and from this touristic area.

False-negative results can arise from specimen collection

frontiersin.org


https://doi.org/10.3389/fitd.2022.1023588
https://www.frontiersin.org/journals/tropical-diseases
https://www.frontiersin.org

Dias et al.

conducted outside the ZIKV IgM antibody production
timeframe (typically up to 4 days and after 12 weeks post-
onset of symptoms) (33). On the other hand, the most common
cause of false-positive results is cross-reactivity with IgM specific
for other flaviviruses such as DENV. Since no sample was DENV
positive, one can assume that those were truly ZIKV
positive samples.

We reported 4 cases of co-infection (10.8% among
confirmed cases): DENV1+EV, DENV1+CHIKV, DENV4
+ZIKV and CHIKV+ZIKV. Taraphdar, Sarkar (34) also
reported a co-infection of DENV+CHIKV in acute febrile
illnesses. Chahar, Bharaj (35) also showed that in areas where
both viruses co-circulate, DENV and CHIKYV can be transmitted
together, with a co-infection rate of 8.7%, and we showed that
different arboviruses can also be transmitted together. Acevedo,
Waggoner (12) identified a high rate of co-infections in the CSF,
75.0% (9/12). Reports of DENV+EV co-infection have not been
found up to this moment. There are no data describing the
impact of co-infections in the CNS accounting for the severity of
the clinical presentation or its outcome.

The detection rate based on the PCR positivity, alone, was
low (17.1%), but similar to the rates described elsewhere, which
vary from 14.8% to 62.9% (13, 26, 36). This can be explained,
partially, by the patients’ timing to seek medical attention. We
prioritized molecular testing because of its sensitivity in the
acute phase. Due to the low volume of some samples,
immunodiagnostics needed to be performed on the leftover
CSF. Even though some samples were ELISA positive (9.3%),
one could question the appropriateness of the CSF for
serological testing. Nowadays, a wide range of biological fluids
such as serum, plasma, blood, saliva, and CSF has been used for
the identification of viral infection both by molecular and
immunological tests (33, 37). At the time of the collection of
these samples, we did not speculate a priori on the importance of
arboviruses, so only CSF samples were available. For a better
diagnostic algorithm, it would be more reliable to have results
based on paired serum samples and, additionally, follow-up
samples for confirmatory testing (38). Another issue is the
eventual cross-reactivity between ZIKV and DENV which
could lead to false-positive results (39). Thus, the
interpretation of the immunological results based only on CSF
samples must be done carefully, which we could consider a
limitation of this study.

Only a few variables were statistically different between the
confirmed cases. This suggests that meningitis cases of viral
etiology are usually mild, but, nonetheless, should be
investigated. Although not statistically significant, antibiotic
use was more reported among negative cases, which could
suggest those were false-negative cases of bacterial meningitis,
undiagnosed due to therapy prior to sample collection. Further
tests would be necessary to confirm that hypothesis.

Although EV is, classically, the most common virus causing
meningitis and it was associated with some cases in this study,
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arboviruses accounted for more than 60% of the identified
viruses. DENV, CHIKV, ZIKV, EV and VZV are associated
with widely varied neurological manifestations making diagnosis
challenging. In arboviruses endemic areas it is crucial to increase
viral surveillance and consider them in the differential diagnosis
of meningitis.
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