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ABSTRACT

The Northeast of Brazil has experienced a triple epidemic, with the simultaneous
circulation of dengue virus (DENV), chikungunya virus (CHIKV) and Zika virus (ZIKV),
which may have contributed to the observed increase across this region of atypical forms
of disease and deaths. In view of this fact, non-congenital neurological disorders related to
arboviruses were compared with other etiologies, mortality and survival rates of patients
admitted to referral neurology hospitals in Pernambuco State, Northeast Brazil, from 2015
to 2018. Blood and cerebrospinal fluid samples were collected and tested using molecular
and serological assays. The arbovirus-exposed groups were compared with respect to
epidemiological, clinical and neurologic characteristics by using the Pearson’s chi-square
test. For the survival analysis, the Kaplan-Meier and Hazard Ratio (HR) tests were used,
with a 95% confidence interval (CI). Encephalitis and encephalomyelitis were more
frequent in arboviruses, while myelitis predominated in the neurological disorders of other
etiologies. Guillain-Barré Syndrome (GBS) was similarly distributed amongst the groups.
Exposure to one of the arboviruses caused a six-fold increase in the risk of death (HR: 6.37;
CI: 2.91 - 13.9). Amongst the arbovirus-exposed groups, infection (DENV/CHIKV) increased
nine times the risk of death (HR: 9.07; CI: 3.67 - 22.4). The survival curve indicates that
have been exposed to some arbovirus decreased the likelihood of survival compared to those
with other etiologies (Log-Rank: p<0.001). Within this scenario, neurologic manifestations
of DENV, CHIKYV and ZIKV have the potential to increase mortality and decrease survival,
and concomitant infection (DENV/CHIKV) is an aggravating factor in reducing the likelihood
of survival when compared to monoinfections.

KEYWORDS: Neuroinvasive arboviruses. Neurologic manifestations. Log rank and survival.

INTRODUCTION

Emerging arbovirus infections are widespread worldwide, causing severe
systemic and neurological disorders that are mediated by viral or immunological
factors'. In French Polynesia and India, reported cases related to Guillain
Barré Syndrome (GBS) and other neurological disorders were associated with
ZIKV, while CHIKV and DENV are associated with cases of encephalitis and
meningoencephalitis with sequelae and deaths®®. In a Reunion Island cohort,
there was a 16.6% encephalitis mortality rate associated to CHIKYV, including a
proportion of children, varying from 30-45%, who were discharged with persistent
sequelae®. In Brazil, there are very few studies that associate neurological disorders
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with arboviruses mortality®. However, there are a number
of cases that describe a high frequency of death®. Within
this scenario, Pernambuco State, located in Northeast
Brazil, experienced a triple epidemic with confirmed cases
of neuro-invasive arboviral diseases caused by DENYV,
ZIKYV in 2015, and afterwards, by CHIKV in 20167. One
study with 41 cases in Pernambuco reported an association
of encephalitis, GBS and myelitis with DENVS, as well
as a cohort of 6 patients diagnosed with ZIKV-related
disseminated encephalomyelitis (2) and GBS (4) in which
patients had motor dysfunction, low visual acuity and
cognitive decline®. Thus, determining the risk factors and
the evolution of atypical forms of arboviruses is a major
challenge, considering that the differential diagnosis
among these three arboviruses has presented difficulties
and clinical management has not been well established.
In this study, we describe non-congenital neurological
disorders related to DENV, CHIKYV and ZIKYV, analysing
the clinical-epidemiological characteristics, death-related
risk factors and the survival of hospitalized patients
compared to the survival of patients with no arboviruses,
at 3 referral neurology hospitals in Pernambuco State,
Northeast Brazil.

MATERIALS AND METHODS

A cohort study with prospective and retrospective
components was conducted, by monitoring patients
seen at three reference hospitals in Pernambuco State,
Northeast Brazil, from 2015 to 2018, to assess risk factors,
epidemiological, clinical and neurological characteristics
until evolution for discharge, sequelae or death. The
prospective cohort began in 2016 and was extended until
2018. Patients hospitalized in 2015 were included and
assessed retrospectively by analysing medical records
and a description of neurological exams. The inclusion
criteria were: patients with symptoms compatible with
GBS, myelitis, encephalitis, meningoencephalitis or
other central or peripheral syndromes with acute onset,
presenting in the previous 90 days with three or more of the
following symptoms: fever, nausea/vomiting, rash, myalgia,
headache, retrorbital pain, petechiae or leukopenia. The
exclusion criteria were: children ager under one year and
individuals with a history of chronic neurological disease
or symptoms probably related to other plausible causes,
such as: bacterial infections, vascular disease, trauma,
intoxication and metabolic diseases. The study population
was selected through the spontaneous patient demand
admitted to referral neurology hospitals in Pernambuco
State. All patients admitted with clinical suspicion of acute
neurological syndrome were included. After analyzing the
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RT-PCR tests and serological tests on CSF and blood, they
were diagnosed with infection by neuroarbovirus or another
etiology (comparison group). For the purposes of this study,
we considered as suspected/confirmed cases of DENV,
CHIKYV or ZIKV those that met the definition of case and
death according to the protocols of the Brazilian Ministry
of Health'®'" and presented serology immunoglobulin M/
Enzyme-Linked Immunosorbent Assay (IgM/ELISA) or
positive reverse transcriptase polymerase chain reaction
(RT-PCR) in serum or cerebrospinal fluid (CSF) samples,
while deaths were confirmed by RT-PCR or positive
visceral immunohistochemistry, according to laboratory
protocol'2'5, Neurological disorders were classified based
on clinical, laboratory and imaging findings. The definition
of a GBS case followed the criteria of the Pan American
Health Organization'® and the definition of encephalitis
cases followed the criteria suggested by the International
Encephalitis Consortium'”. The criteria used to define the
other neurological disorders were: clinical assessment,
report issued by the neurologist of each hospital unit, CSF
analysis and neuroimaging tests (computed tomography
and magnetic resonance imaging of the skull). Neurological
syndromes that could not be defined by the neurologist
or presented a specific number of cases were grouped
as “others” which included: myositis, radiculopathies
and undefined diagnoses. The study was authorized
by the Ethics Committee of the Federal University of
Pernambuco (UFPE) - CAAE N° 55508216.0.0000.5208.
Epidemiological, clinical, laboratory and neurological
data were collected from patients’ medical records and
obtained and transcribed to standardized forms by the
responsible researcher. The most prevalent comorbidities
and neurological manifestations were presented in the
descriptive component, which assessed the duration of
neurological symptoms and listed the main neurological
disorders. In the analytical stage, the arbovirus exposure
groups were compared according to epidemiological,
clinical and neurologic characteristics by the Pearson’s
chi-square test in the comparison of proportions, and
the Kruskal-Wallis in the comparison of medians. The
Komogorov-Smirnov normality test was applied, in which
none of the variables presented a normal distribution. In the
survival analysis, Kaplan-Meier’s curves were presented
for each exposure to arbovirus, and mortality rates were
estimated at 100 person-days, as well as the HR risk
measure with a 95% confidence interval. The log-rank test
was applied to compare survival functions. The statistical
significance adopted was 5% (p <0.05) and p <0.001 for
the log rank. The statistical software used in the analysis
was Stata (version 14.0, StataCorp, College Station, Texas,
USA).
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RESULTS

A total of 141 patients with neurological disorders met
the inclusion criteria, 93 (66%) of which were associated
with arboviruses, according to the laboratory result (IgM or
RT-PCR) in CSF or blood (Table 1), and 48 (34%) with other
etiologies: 18 cytomegalovirus (CMV), 10 herpes simplex
and 20 with undefined diagnosis. Most cases of arboviruses,
a total of 55 (59.1%), were associated with CHIKYV,
followed by 18 (19.3%) cases of DENV and 16 (17.2%)
cases of DENV/CHIK. Only 33 (23.4%) were tested for
ZIKV (4 positive and 29 negative). The epidemiological,
clinical and neurological profile is described in Table 2.
Regarding age, we observed that patients with DENV and
DENV/CHIKYV were younger when compared to CHIKYV,
ZIKV and other etiologies (p < 0.05). The most prevalent
clinical manifestations prior to the neurological disorder
were fever, myalgia and headache for the three arboviruses,
highlighting severe arthralgia (58.2%) in patients
with CHIKV and DENV/CHIKV. The most prevalent
comorbidities were hypertension and diabetes in patients
with and without arboviruses. In terms of neurological
manifestations, reduced level of consciousness was more
frequent in the arboviruses than in patients with other
etiologies (p < 0.05), and disorientation was more prevalent
in patients with CHIKV and in DENV/CHIKY coinfection
(p<0.05). A loss of strength in the lower limbs and changes
in ambulation presented a similar prevalence in all groups.
The median duration of neurological symptoms was greater
than 10 days for all groups, with no differences among them.
Regarding neurological disorders, GBS presented a similar
frequency distribution between the groups, with around a
quarter of cases in each group. Considering the cases of
GBS associated with an arbovirus (n = 24), we obtained
n =38 (33.3%) cases that did not receive IV immunoglobulin.
Encephalitis was more frequent in cases of CHIKV and
DENYV. Amongst the patients with CHIKV, GBS (29.1%)

and encephalitis (21.8%) were predominate. The estimated
mortality rate for meningoencephalitis was around 3.5 per
100 person/day, and for myelitis 2.5 per 100 person/day,
while for GBS it was 1.8 per 100 person/day and in myelitis,
0.5 per 100 person/day. Although the graph suggests higher
mortality rates in meningoencephalitis and encephalitis,
confidence intervals overlapped in relation to other clinical
disorders and GBS, however, a significant difference was
observed when compared to the estimated mortality rate in
myelitis (Figure 1).

The mortality rate in the other etiology group was
0.3 (0.1 - 0.5) per 100 person/day, while in patients
exposed to DENV - 1.1 (0.7-2.0); CHIKV 2.0 (1.5-2.8),
DENV/CHIKYV 2.6 (1.6-4.3) and ZIKV 1.0 (0.3-3.2). When
considering exposure to some arbovirus, the mortality rate
was 1.8 (1.4 - 2.3) per 100 person/day. The HR adjusted
calculation demonstrated that the patient’s risk of death was
6.46 (2.91 — 14.3) times greater (p <0.001) through exposure
to some arbovirus. And amongst the arboviruses, the risk of
death from a concomitance of infections (DENV/CHIKYV)
was 9.47 (3.80 — 23.6) times greater when compared to
those not diagnosed with arbovirus (p <0.001) (Table 3).

The survival curve indicates that having some arbovirus
decreases the likelihood of survival compared to those
diagnosed with a neurological disorder from other etiologies
(Log-Rank: p <0.001) (Figure 2).

Survival curves of arboviruses are similar, showing no
significant differences (Log-Rank: p = 0.464) (Figure 3)

DISCUSSION

Our data has demonstrated that the neurological
disorders related to arboviruses presented a higher frequency
of reduced levels of consciousness and disorientation
than those unrelated to arboviruses. Encephalitis and
encephalomyelitis were more frequent in arboviruses,
while myelitis predominated in neurological disorders of

Table 1 - Positive laboratory results (IgM or RT-PCR) for dengue virus (DENV), chikungunya virus (CHIKV) e zika virus (ZIKV) in
CSF or blood, according to the diagnosed neurological disorder (n = 93).

CHIKYV positive DENV positive DENV/CHIK positive ZIKV positive
Neurological disorder (n=55) (n=18) (n=16) (n=4)

IgM RT-PCR IgM RT-PCR IgM RT-PCR IgM RT-PCR
GBS® 5(9%) 11(20%) 2(11.1%) 1(55%) 4 (25%) - - 1 (25%)
Encephalitis 6(10.9%) 6(10.9%) 2(11.1%) 2(11.1%) 1(6.25%) 1 (6.25%) -
Myelitis 2(3.6%) 1(1.8%) 3(16.6%) - 2 (12.5%) - - 1 (25%)
Meningoencephalitis - 6 (10.9%) - 2(12.5%) 1 (6.25%) - -
Others® 7(12.7%) 11(20%) 4 (22.2%) 4(22.2%) 2(12.5%) 3 (18.7%) - 2 (50%)
Total 20 (36.4%) 35 (63.6%) 11(61.1%) 7 (38.9%) 11 (68.8%) 5 (31.2%) - 4 (100%)

aGuillain Barré Syndrome; ®Myositis, radiculopathies and undefined diagnosis
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Table 2 - Epidemiological, clinical and neurological profile of patients with nonbacterial neurological disorders according to etiological
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diagnosis.
Other . Dengue & .
Characteristics etiology Ch(lﬁu_n%g?ya (?16?%%6) chikuggunya (nzl(i) p-value
(n=48) B B (n=16) B
Age® 43 (17;63) 63 (42;74) 19(3;43) 28(17;50) 56 (49;61) 0.0022
Sex: Female 24 (50.0%) 24 (43.6%) 8 (44.4%) 1(68.7%) 3 (75.0%) 0.360
Originating from
Recife 9(18.8%) 13(23.6%) 3(16.7%) 9 (56.2%) 0 (0%) 0.0362
Metropolitan Region of Recife 23 (47.9%) 14 (25.5%) 7 (38.9%) 4 (25.0%) 2 (50.0%)
Interior 16 (33.3%) 28(50.9%) 8 (44.4%) (18 7%) 2 (50.0%)
Time spent in hospital (days)® 13 (7; 24) 15 (7; 23) 11 (4; 23) 1(7; 34) 8 (1;16) 0.828
Symptoms
Fever 40 (85.1%) 51(92.7%) 18(100%) 12(75.0%) 4 (100%) 0.123°
Myalgia 27 (66.2%) 32 (58.2%) 3(72.2%) 7 (43.7%) 2 (50.0%) 0.563
headache 26 (54.2%) 25 (45.5%) 6(33.3%) 9 (56.2%) 1(25.0%) 0.448
Strong Arthralgia 5(31.2%) 32(58.2%) 4(22.2%) 9(56.2%) 3 (75.0%) 0.053°
Comorbidities
SAH 16 (33.3%) 22 (40.0%) 4(22.2%) 5(31.2%) 2(50.0%) 0.663°
Diabetes 6 (12.5%) 2(21.8%) 2(11.1%) 2 (2.7%) 2 (50.0%) 0.275°
Neurological Manifestations
Loss of strength in lower limbs 30 (62.5%) 29 (52.7%) 9 (50.0%) 12 (75.0%) 2 (50.0%) 0.477
Changes in ambulation 25 (52.1%) 0(36.4%) 7(38.9%) 7 (43.7%) 1 (25.0%) 0.516
Reduced level of conscientiousness 13 (27.1%) 1(56.4%) 9 (50.0%) 7 (43.5%) 2 (50.0%) 0.040%
Disorientation 7 (14.6%) 27 (49.1%) 3(16.7%) 5(31.2%) 0 (0%) 0.001°
Change in sensitivity 6 (125%) 6(10.9%) 3(16.7%) 3(18.7%) 3 (75.0%) 0.042z¢
Duration of neurologic symptoms (days)® 19 (7; 34) 14 (6; 28) 13 (6; 40) 13 (9;41) 17 (3; 33) 0.765
'd';'st:)ar'dtg:‘se(ggjg)rl‘pt°ms andneurological 7 5. 550 §(3:16)  10(3;17) 45(256) 37(3:105)  0.446
Neurological disorder
Myelitis 10 (20.8%) 3 (5.4%) 3(16.7%) 2 (12.5%) 1 (25.0%) 0.039°
GBS 13 (27.1%) 16(29.1%) 3(16.7%) 4 (25.0%) 1 (25.0%)
Encephalitis 0 (0%) 12 (21.8%) 4(22.2%) 2(12.5%) 0 (0%)
Meningoencephalitis 1(2.1%) 6 (10.9%) 0 (0%) 3 (18.7%) 0 (0%)
Others 24 (50.0%) 18 (32.7%) 8(44.4%) 5(31.2%) 2 (50.0%)
aSignificant statistical difference; "Median (P25; P75); °Fischer Exact Test
'OthersH I-I—I
3
% Meningoencephalitis I : |
3
S Encephalitis I—I—I
S
= Myelitis -||-|—|
=
‘ees{ HH
0 1 2 3 4 5 6 7 8

1: Guilain Barré Syndrome
*: Myosits, radiculopathies and undefined diagnosis

Mortality rate

(per 100 person/day)

Figure 1 - The mortality rate due to neurological disorders in patients with a previous diagnosis of arbovirus infection.
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Table 3 - Mortality rate and Hazard Ratio of deaths of patients with neurological disorders according to etiological diagnosis.

Mortality rate

i i adjusted -
Diagnosis Number of deaths (100 person/day) (ICQ&JS"/IO) p-value
Other etiology 7 0.3(0.1-0.5) Reference -
Dengue 13 1.1(0.7-2.0) 4,90 (1,87 - 12,8) 0,001
Chikungunya 37 20(1.5-2.8) 6,30 (2,72 — 14,6) <0,001
Dengue and Chikungunya 15 26(1.6-4.3) 9,47 (3,80 — 23,6) <0,001
Zika 3 1.0(0.3-3.2) 5,71 (1,43 - 22,8) 0,013
Some arbovirus

No 7 0.3(0.1-0.5) Reference -
Yes 68 1.8(1.4-2.3) 6,46 (2,91 — 14,3) <0,001
HR, s = @djusted according to the neurological diagnosis; IC = confidence interval
1.00
Log-rank: p<0.001
0.90
0.80
ol
= 070+
Q
(]
€ 060
s
™ 050
2
>
5 040+
(0]
0.30
0.20
0.104
0.00 |
T T T T T T T T T T T T T T
0 30 60 90 120 150 180 210 240 270 300 330 360 390
Time (Days)
Other etiology Some arbovirus

Figure 2 - Survival of patients in the group diagnosed with some arbovirus infection compared to other etiologies.

other etiologies. The occurrence of GBS was similar among
groups, about one quarter of all etiologies. CMV was the
most prevalent etiology found in the non-arboviral group.
These data corroborate the findings in the literature that
demonstrate the importance of this virus as an antecedent
viral infection associated with neurological syndromes,
particularly a GBS'81°,

The mortality rate was higher in neurological disorders
related to arboviruses and the probability of death amongst
patients with neuro-invasive arbovirus was 6 times higher
than in patients with other etiologies, and was even higher
(9 times) in DENV/CHIKYV coinfection. The survival
analysis confirms the lower survival probability of patients
with neurological complications caused by arboviruses. A
comparison of the survival curves of different arboviruses
demonstrated that there was no difference among them.

Rev Inst Med Trop Sdo Paulo. 2020;62:e69

In the present study, patients diagnosed with DENV
were younger, while the neurological cases of CHIKV
occurred in the older age group, thereby corroborating
reports in the literature stating that 64.52% of individuals
infected by CHIKV are aged between 50 and 69 years®.
Infection may result in a reduced life expectancy in cases
of older people with CHIKYV, as demonstrated in a previous
study in which the importance of monitoring the progression
of the disease in these cases was emphasized?'.

Neurological complications have been reported to
account for up to 25% of atypical cases and up to 60%
of severe atypical cases of CHIKYV infection, and include
various disorders such as encephalitis, optic neuritis,
myeloradiculitis and GBS®?2, In our study, we observed
that the most frequent neurological complications in
patients with CHIKV were GBS, encephalitis and

Page 5 of 9
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Figure 3 - Survival of patients diagnosed with DENV, CHIKYV, ZIKAV, DENV/CHIKV compared to other etiologies.

meningoencephalitis, and a high proportion of deaths, as
reported by several other authors, thereby suggesting that
these complications may be more severe than previously
recognized®??*, The cases of chikungunya stood out with
high morbidity, mortality and incidence of serious diseases,
including encephalitis and meningoencephalitis. On the
other hand, we obtained no cases of encephalitis confirmed
by other etiologies in our group. This corroborates the
epidemiological situation experienced in Pernambuco State
during this period and the awareness of hospitals and the
Central Laboratory of Pernambuco (LACEN/ PE) in the
notifications and collection of samples from suspected
arboviruses cases, thereby contributing to an increase in
the diagnoses of cases in the state. Before the epidemic
period, neurological syndromes were less expressive than
those we have reported.

We observed a high number of deaths, reaching
73.1% in patients with neurological symptoms associated
with arboviruses, 67.3% in CHIKYV, 93.7% in DENV/
CHIK coinfections, as opposed to 14.6% in neurological
symptoms unrelated to arboviruses. The mortality rate for
CHIKYV infection in outpatients is around 1 in 1000 cases
or less. However, when analyzing the situation in a hospital
environment, we observed a distinct behaviour of the disease.
In Reunion Islands®®, the authors described the evolution
of 610 patients hospitalized with CHIKYV, obtaining 10.6%
of mortality and 36.4% of severe morbidity, while another
study in India reported a 28% mortality rate®®. However,
these authors described the mortality rate amongst all
patients diagnosed with CHIK and did not discriminate
the mortality due to neurological disorders. Considering

Page 6 of 9

that the neurological form is amongst the most severe,
it is likely that mortality rates would have been higher if
the authors had selected only patients with neurological
syndromes, as in our study. Our region was experiencing
a triple epidemic, which reinforces the hypothesis of the
high mortality rates found in our patients, as much as that
we obtained a high mortality rate among the 16 (17.2%)
confirmed cases of DENV/ CHIK coinfections. A further
justification would be the fact that the study sites were
public referral hospitals for neurology, thus, it is possible
that the most severe cases were referred to us indicating a
later access to the health system. We may also justify the
difference by the fact that we monitored patients for up
to 6 months, since neurological disorders persist for long
periods due to their late complications.

Unlike our findings, a case-control study conducted
in Bahia State, Northeast Brazil, indicated that GBS was
strongly associated with ZIKV, with a 6% mortality rate in
this study group, suggesting that prior ZIKV infection may
result in severe neurological complications®’. We observed
a high proportion of patients with prior GBS-associated
CHIKYV infection, corroborating the findings of a
study conducted in another Northeastern Brazilian
state®®. Thus, the presence of GBS does not necessarily
indicate an association with ZIKV. This should be
laboratory-investigated within the epidemiological context
experienced at the particular site. Moreover, our finding
of GBS diagnosed with other etiologies corroborates
the findings of other authors, who have emphasized
the importance of the differential diagnosis with other
etiologies, such as cytomegalovirus, Epstein-Barr, and

Rev Inst Med Trop Sao Paulo. 2020;62:e69
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herpes simplex® infections. In terms of coinfections, in
recent years there have been reports of high rates of DENV/
CHIKYV coinfections in India®. CHIKV coinfection has
also been reported with DENV and ZIKV in Colombia and
Ecuador®'®2, There was also a series of cases of combined
arbovirus infection in Rio de Janeiro, Brazil, however,
there were few data on neurological complications®. In a
case study of neurological manifestations in patients with
GBS in Pernambuco State, only 6.7% of prior DENV/
CHIKY infections were reported and these cases did not
evolve to death’. However, studies have demonstrated that
individuals with coinfection appear to be more likely to
present with complications and a higher risk of death than
those with monoinfections®-4. Corroborating these data,
our study has revealed that DENV/CHIKV coinfections
showed a higher probability of death. The fact that many
of our patients presented with evidence of dual infections
may indicate that combined infections are responsible for
more serious diseases, as observed in other contexts®'.
These data are significant, since there is no specific
treatment for these infections, although early detection
and timely access to supportive medical care decreases
the mortality rate.

Our results should be interpreted within the context of
the study limitations, as we did not test all patients for ZIKV,
due to laboratory limitations at the time of this research.
In our patients with evidence of concomitant infections
(DENV/CHIKYV), it is unclear whether the neurological
disease was caused by one arbovirus or another, or a
combination of the two. In addition, despite the use of
advanced laboratory diagnostic tools, etiological diagnosis
is achieved in less than 50% of presumed viral infections
in the central nervous system®23®, thereby corroborating
the 41.6% of undefined etiology ratio found in our control
group, i.e., of cases that were not identified as being related
to arboviruses.

In summary, neurological disorders related to DENV,
CHIKYV, and ZIKV infections have demonstrated the
potential to increase the mortality, decrease the survival,
and concomitant infections (DENV/CHIKYV) were found as
an aggravating factor in reducing the likelihood of survival
compared to monoinfections. Surveillance and clinical
management should be reinforced in patients with previous
or concomitant arboviruses, followed by neurological
manifestations such as a reduced level of consciousness and
disorientation, as these patients may worsen and progress
to severe forms of disease and death.
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