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Abstract

Objective. To describe the occurrence of Zika virus disease and its complications in the state of Tocantins and in its
capital, the city of Palmas. Methods. This was a descriptive study using data from health information systems. Results.
Incidence of reported Zika virus disease cases in 2015 and 2016 was 295.2/100,000 inhabitants and 411.1/100,000 inhab.
in the general population, and 5.9/1,000 and 27.8/1,000 live births, respectively. Higher risks occurred in women, the 20-39
year age group, municipalities in the central and northwestern regions of the state and in hotter months (February and
March). Incidence of Zika-related microcephaly during pregnancy was 0.06/1,000 live births. One case of Guillain-Barré
Syndrome resulting from Zika virus infection was confirmed. Conclusion. Zika virus disease hit Tocantins intensely,
although its adverse outcomes were less frequent than in other states.
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I ZIKA emergency in Tocantins state

Introduction

The emergence and spread of Zika virus (ZIKV) in the
Southern hemisphere, and particularly in the Americas,
was one of the most surprising and challenging Public
Health problems of current times, due to its causing a
severe microcephaly epidemic and other adverse fetal
outcomes. Up until the early 2000s, records of cases
and sporadic outbreaks of disease caused by ZIKV were
restricted to the African and Asian continents, and the
disease was considered to be benign and self-limiting.
However, in 2015, the virus was identified in cities in
Northeastern Brazil** and it is estimated that by the end of
2016, more than 1,600,000 cases of this arbovirus infection
had occurred in Brazil, with greatest incidence in 2016.*

The emergence and spread of Zika virus
(ZIKV) in the Southern hemisphere, and
particularly in the Americas, was one of
the most surprising and challenging Public
Health problems of current times, due to
its causing a severe microcephaly epidemic
and other adverse fetal outcomes.

In 2015, detection of the microcephaly epidemic
resulting from congenital ZIKV transmission led the
Brazilian Ministry of Health and the World Health
Organization to declare Public Health Emergencies
of National and International Concern, respectively.”’
Following this, investigations enabled this causal
relationship to be established, as well as identification
of a range of neurological changes, making it possible
to characterize a syndromic condition, which shortly
afterwards received the name of Congenital Zika
Syndrome (CZS).**

By the end of that year, Brazil had registered
3,174 suspected cases and 38 suspected deaths from
microcephaly/CZS related to ZIKV infection.” In the
following year, 2016, 10,867 cases were notified, 7,684
(70.7%) of which were investigated. In the end, 2,366 were
classified as confirmed, 49 were classified as probable and
5,269 were discarded. Among the 2,366 confirmed cases,
200 died,' representing 8.5% lethality. On that occasion,
3,183 (29.3%) cases were being investigated which, when
added to cases notified in 2017, totaled 5,739."

In addition to severe adverse effects on fetuses,
ZIKV can cause serious complications in adults, the

most commonly described of which are hypertensive
iridocyclitis,' Guillain-Barré syndrome (GBS) and
transverse myelitis."”

Considering the scenario set by the ZIKV emergency,
the possibility of new epidemics caused by this virus
occurring and variations in population and socio-
environmental characteristics, capable of impacting
directly on risk of the disease, it is essential to know its
epidemiological profile in each territory, with the aim
of producing information that informs new strategies
for detection and rapid response to this emerging viral
disease and/or their enhancement.

The study describes occurrence of Zika virus disease
and its complications in the population of the state of
Tocantins and in its capital, the city of Palmas.

Methods

A descriptive study was conducted based on Zika cases
notified in Tocantins between July 2015 and December
2016. Tocantins is located in the Northern region of
Brazil, has 139 municipalities and had an estimated
population of 1,565,062 inhabitants in 2015; in 2014,
the Gini index calculated for Tocantins was 0.468."®

The following databases were used:

a) Notifiable Health Conditions Information System
(SINAN); and Brazilian National Health System
(SUS) forms under the responsibility of sentinel
units (FormSUS);

b) Public Health Event Registry (RESP);

¢) Laboratory Environment Management System
(GAL) of the state’s central laboratory (LACEN);

d) Live Birth Information System (SINASC); and

e) Mortality Information System (SIM).

Each case registered on one of these databases
was manually searched for on the rest, with the aim
of identifying duplications and omissions, as well as
correcting possible errors or inconsistencies.

The RESP data used in this study were updated on
August 22" 2017. For all confirmed cases of Zika virus
infection and its adverse outcomes, final diagnosis was
considered to be that recorded by health services, given
that they were classified according to the definition
criteria established by the Ministry of Health. In short, a
confirmed Zika case was considered to be a case diagnosed
by laboratory test and/or clinical-epidemiological
criterion, i.e. a case linked to another confirmed case
and which presents pruritic maculopapular rash
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accompanied by two or more of the following signs:
fever, conjunctival hyperemia, polyarthritis and joint
edema.” With regard to microcephaly/CZS, newborns
were confirmed when they had a positive ZIKV test result
and/or images compatible with those produced by this
virus, regardless of whether they had microcephaly.®
Incidence and/or proportion of notified, confirmed
and inconclusive cases of Zika virus disease were
calculated for the total population/100,000 inhab. and
for pregnant women,/1,000 live births (LB), for the years
2015 and 2016. Incidence/100,000 inhab. for probable
cases (notified cases after excluding discarded cases), was
also calculated by sex and age range, and by municipality
of residence, for the year 2016, as well as cumulative
incidence — for the period 2015-2016 — of adverse
effects of ZIKV infection/1,000 LB during pregnancy
(miscarriage, premature birth, low birthweight and
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microcephaly/CNS alteration). The number of probable
cases per epidemiological week (EW) was represented
on a time curve. The indicators were calculated for the
state of Tocantins and for its capital, the city of Palmas.
In addition, for each year covererd by the study, the
incidence coefficients of notified Zika virus disease, by
municipality of residence, were ordered in quintiles and
their spatial distribution was represented on a map of
the state. The magnitude of these indicators was then
compared. Microcephaly/CZS cases were described
according to the trimester in which the pregnant mother
had pruritic maculopapular rash.

The study project was approved by the Tocantins State
Health Department Superintendency for Professional
Health Management and Education, as per Ordinance No.
SESAU 796, dated June 27" 2014. It was also approved by
the Research Ethics Committee of the Federal University

Table 1- Notified (number and incidence coefficient), confirmed (number, percentage and incidence coefficient) and
inconclusive (number and percentage) Zika cases by place of residence and year of occurrence, Tocantins
and Palmas, July-December 2015 and January-December 2016

. Tocantins Palmas
Specification - -
2015 2016 Cumulative 2015 2016 Cumulative
General population
Notified cases (N) 4,472 6,303 10,775 2,816 2,740 5,556
Incidence? 295.2 A 3535 1,032.5 979.0 1,005.5
Confirmed cases® (N) 60 1,765 1,825 20 973 993
% 13 28.0 16.9 0.7 355 17.8
Incidence? 40 1151 599 73 347.7 1787
Inconclusive cases (N) 4351 470 4,821 2,778 26 2,804
% 97.3 74 447 98.6 09 50.4
Discarded cases (N) 61 4,068 4129 18 1,741 1,259
% 13 64.5 38.8 0.6 63.5 316
Pregnant women
Notified cases (N) 149 662 8N 66 265 331
Incidence* 59 27.8 16.5 127 54.6 33.0
Confirmed cases* (N) 22 149 m 12 77 89
%¢ 147 225 210 18.1 29.0 269
Incidence® 0.9 75 35 23 15.8 8.8
Discarded cases (N) 88 313 401 22 m 133
%! 59.1 472 494 333 1.8 40.1
Inconclusive cases (N) 39 200 239 32 77 109
%! 26.2 30.2 294 484 29.0 33.0

a) Cases notified between July and December 2015.
b) Incidence per 100,000 inhabitants.

¢) Cases confirmed by clinical-epidemiological and/or laboratory criteria (enzyme immunoassay or molecular biology).

d) Percentage in relation to total of notified cases in the respective populations.
€) Incidence per 1,000 live births.

Epidemiol. Serv. Saude, Brasilia, 29(4):e2020096, 2020 3



I ZIKA emergency in Tocantins state

of Bahia Public Health Institute (CEP/ISC/UFBA), as per
Certification of Submission for Ethical Appraisal (CAAE)
No. 1.929.507/2017.

Results

Between July and December 2015 and throughout
the whole of 2016, 4,472 (incidence: 295.2/100,000
inhab.) and 6,303 (incidence: 411.1/100,000 inhab.)
Zika virus disease cases, respectively, were notified in the
state of Tocantins. In 2015, 1.3% of cases (n=60) were
confirmed and 97.3% were classified as inconclusive. In
the following year, 28.0% of notified cases were confirmed
(incidence: 115.1/100,000 inhab.) while 7.4% were
inconclusive. In the state capital, Palmas, incidence of
this arbovirus infection was 1,032.5/100,000 inhab. in
2015 and 979/100,000 inhab. in 2016. Confirmed case
percentages and incidence rates were 0.7% (7.3/100,000
inhab.) in 2015 and 35.5% (347.7/100,000 inhab.) in
2016. With regard to Zika virus disease in pregnant
women, 14.7% of the 149 notified cases were confirmed
in 2015 and 22.5% of the 662 cases notified in 2016;
confirmed case incidence in this population group
was 0.9/1,000 LB (2015) and 7.5/1,000 LB (2016). In
2015, 26.2% of notified cases remained classified as
inconclusive and 30.2% in 2016 (Table 1). In 2016,
63% of Zika virus disease notifications in the general
population of the state of Tocantins were concentrated
in Palmas, while in 2015 this proportion was 43.5%.

It can be seen in Table 2 that incidence of probable
Zika virus disease cases in 2016 was higher in females,
both for the state of Tocantins as a whole (205.7/100,000)

and for the capital Palmas (490.7/100,000). The 20-39
year age range (201.8/100,000) and the 40-59 age range
(145.3/100,000) recorded the highest levels of this indicator
for the state as a whole. In the capital, considering total
cases, all age ranges had rates above 200/100,000 inhab.,
varying from 212.5/100,000 inhab. in the 5-9 age group,
t0 446.9/100,000 inhab. in the 20-39 age group.

In 2016, the majority of probable cases in Tocantins
was concentrated between epidemiological weeks EW 7
and EW 11, with the peak being recorded in EW 8, with
367 notified cases. With effect from EW 12, the number of
notifications began to fall until reaching 6 cases in week
51 (Figure 1). It can be seen that in Figure 2 that in 2015,
the municipalities located in the central and northwest
regions of the state had higher notified case incidence
rates, in particular Colinas (1,995/100,000), Palmas
(1,032.5/100,000) and Paraiso (894.5/100,000). In 2016,
the highest incidence rates were found in municipalities
located in the northern, northeastern and central regions
of Tocantins, including Guarai, Miracema do Tocantins,
Pugmil and Silvandpolis, with rates varying between
1,022.4/100,000 and 2,035.9/100,000 inhab.

Between 2015 and 2016, out of 171 confirmed
cumulative Zika cases in pregnancy in Tocantins as a
whole, 35 (20.4%) resulted in adverse outcomes. Of these,
11 (31.4%) were resident in Palmas, where 89 cases of
Zika in pregnant women were confirmed in the period.
In 2015, no ZIKV-related cases of microcephaly and/or
alterations to the CNS or alterations to other organs or
systems were notified in Tocantins; while a single case
of GBS due to ZIKV was confirmed in 2016. In Palmas,
in particular, no cases of microcephaly related to Zika

Table 2 — Number and incidence coefficient® of probable Zika cases® according to age range and sex, Tocantins

and Palmas, 2016
Tocantins Palmas
agey:':?)e Male Female Total Male Female Total
N Incidence N Incidence N Incidence N Incidence N Incidence N Incidence

<4 73 107.8 84 129.3 157 1183 37 292.4 37 308.8 74 300.4
59 47 65.1 68 96.6 15 80.7 20 161.3 33 263.2 53 2125
10-19 122 82.8 235 161.6 357 1219 45 1751 106 394.3 151 287.2
20-39 281 104.8 784 301.9 1,065 201.8 137 246.0 369 641.4 506 446.9
40-59 128 81.8 316 2.7 444 145.3 55 215.8 126 481.9 181 350.5
=60 31 46.8 66 101.3 97 73.8 10 1593 24 365.4 34 264.6
Total 682 87.7 1,553 205.7 2,235 145.8 304 220.0 695 490.7 999 357.0

a) Incidence per 100,000 inhabitants.
b) Probable cases = notified, excluded or discarded cases.
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Figure 1 — Number of probable Zika casesa in the general population and in pregnant women, by epidemiological week,

Tocantins and Palmas, 2016

in pregnancy were recorded during the study period.
In Table 3 it can be seen that during the same period
the incidence rates for adverse outcomes of Zika virus
infection in pregnancy in the state as a whole were:
premature childbirth, 0.2/1,000 LB; low birthweight,
0.1/1,000 LB; prematurity and low birthweight, 0.2/1,000
LB; miscarriage, 0.2/1,000 LB; and microcephaly/
alterations to the CNS or other system/organ, 0.1/1,000
LB. In Palmas, the incidence rates for adverse outcomes
due to ZIKV in pregnancy were: premature childbirth,
0.2/1,000 LB; low birthweight, 0.3/1,000 LB; prematurity
and low birthweight, 0.5/1,000 LB; and miscarriage,
0.1/1,000 LB.

0Of the four newborns who had microcephaly/CZS,
three had records of their mothers having had rash in
the first trimester of pregnancy. Of these three cases,
two were confirmed by transfontanellar ultrasound
and computerized tomography, and one of these infants
died shortly after birth. With regard to the fourth case,
no information was recorded about Zika signs and
symptoms during pregnancy.

Recording of several data items on RESP was found
to be absent or incomplete. In the case of more than
80% of records of fetuses and newborns with suspected
microcephaly and/or CNS alteration, there were fields
with unknown information or no information about the

result of the Zika laboratory test or head circumference
measurement; and some cases shown as being under
investigation or discarded had positive test results
confirming Zika virus infection.

Discussion

The Zika virus disease epidemic in Tocantins was of
great magnitude after it began in July 2015. In the same
year, the state capital Palmas was the municipality with
the largest proportion of notified cases of this arbovirus
infection in the state, as well as having high incidence of
confirmed cases. The percentage of confirmed cases was
low both in the state and in the capital. Greater risk of Zika
occurrence was found in the female sex and in the 20-39
year age group, while those under 10 years old and over
60 years old had lower risk. The majority of probable cases
occurred between February and March. Prematurity and
low birthweight were the most frequent adverse outcomes
of ZIKV infection during pregnancy, and no cases of
microcephaly/alterations to the central nervous system
were recorded in the capital. Only one case of Guillain-
Barré syndrome was notified and confirmed in Tocantins.

In the Northern region of Brazil, Tocantins was the
state with the greatest risk of Zika occurring in 2016,
and had Brazil’s sixth highest incidence rate, with

Epidemiol. Serv. Saude, Brasilia, 29(4):e2020096, 2020 5
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Figure 2 — Spatial distribution of the incidence coefficient of notified Zika cases (per 100,000 inhab.) by municipality of

residence, Tocantins, July-December 2015 and January-December 2016

the average national rate of this indicator in 2016 in 2016.%' The widespread dissemination of the Aedes
being 105.3/100,000 inhab. In Palmas, this risk was aegypti mosquito and its great competence as a
comparable to risk levels found in municipalities of transmitter of ZIKV, along with the inexistence of
Mato Grosso, the state with the highest ZIKV incidence ‘herd immunity’ in the population, given that there
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Table 3 — Number, percentage and incidence coefficient (per 1,000 live births) of adverse outcomes of Zika virus
infectiona during pregnancy, Tocantins and Palmas, July 2015-December 2016

Tocantins Palmas
Outcomes
N % Incidence N % Incidence

Prematuridade 8 2.8 0,2 2 18,2 0,2
Baixo peso ao nascer® 7 20,0 0,1 3 273 0,3
Prematuridade e baixo peso 9 257 0,2 5 45,4 0,5
Aborto 8 28 0.2 1 9,0 01
Microcefalia/alteracdes do SNC* 4 14 0,1 - - -
Total 35 100,0 0,7 1 100,0 11

a) Refer to products of the pregnancy of 156 women resident in Tocantins and 84 in Palmas, with Zika infection confirmed by clinical-epidemiological and/or laboratory criteria (enzyme

immunoassay or molecular biology).
b) Birth weight <2,500gr.
) CNS: central nervous system.

Notes:

i) Two pregnant women who had miscarriages and three who had live born babies with microcephaly/CNS alterations were only notified on RESP, i.e. they do not appear on SINAN.

ii) Number of live births in Tocantins between 2015 and 2016, 48,902; and in Palmas, 10,052.

had not been exposure to the virus up until then,"
may have contributed to the high incidence found by
this study in Tocantins.

Greater risk of occurrence of the disease among
females and in the 20-39 year age range is a finding
consistent with the literature.”** Some authors suggest
that as women tend to spend more time at home, they
are more exposed to the Aedes aegypti vector, habitually
found inside and around households.* Moreover, the
fact of women using health services more frequently
could be another hypothesis for explaining higher Zika
notification in this population group.

Zika seasonality is similar to that of other arbovirus
infections with more frequent notification during
the hottest months of the year. It is known that
environmental and climatic conditions, such as high
humidity, rainfall and high temperatures (between
32° and 35°C), favor the multiplication of vectors,
especially in rainy months.” However, information was
not made available about A. aegypti infestation levels
(building infestation index) in Tocantins, in order for
this relationship to be verified.

The highest Zika incidence rates recorded in 2015
in Palmas, Colinas and Paraiso especially, may be
explained by the fact that in that year only sentinel
units in those places notified cases of Zika infection.
The high number of inconclusive cases may possible
have arisen from insufficiency and/or inexistence of
knowledge about Zika and insufficient provision of
laboratory tests by the state.

High frequency of low birthweight and prematurity

is also reported as one of the adverse effects of ZIKV
infection during pregnancy, possibly due to umbilical
artery flow alteration, placenta lesion and abnormal
volume of amniotic fluid caused by this arbovirus.”
Although the results of this study do not enable any
affirmation to be made about the existence of a
relationship between the period when a pregnant
woman is infected with ZIKV and the severity of
neurological outcomes, this possibility cannot be ruled
out, given that in the three cases of microcephaly/CZS
for which this information was available, possible
maternal infection (presence of rash) occurred in the
first trimester of pregnancy. This finding is in agreement
with those of other authors,”? thus strengthening the
hypothesis of the existence of this relationship.

We highlight the need for caution in interpreting the
results of this study, due to the similarity between the
clinical pictures of Zika, dengue and chikungunya, high
frequency of inconclusive cases, and the fact that Zika
virus disease only became a compulsorily notifiable
condition with effect from February 2016. Inexistence of
specific reliable, simple and low-cost laboratory tests for
its diagnosis is yet another limiting factor, aggravated
by the weakness of the state’s laboratory diagnosis
network: in Tocantins, available laboratory tests were
only performed in the capital. Moreover, inconsistencies
in case recording between the information systems
may also hinder the portrayal of an epidemiological
situation closer to reality. Other problems were found
during data collection in relation to records of pregnant
women suspected of having the disease but only notified
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on the RESP and not on the SINAN, as well as several
fields of the RESP form not being filled in. However,
identification of some of the problems presented by
the Zika surveillance information systems, principally
with regard to the filling in of forms and difficulties in
performing laboratory tests — among others —, beyond
being an important subproduct of this study, points to
the relevance and the need for them to be improved.

Despite these limitations, the conclusion is reached that
the Zika epidemic in Tocantins was particularly intense.
Notwithstanding, the adverse effects of ZIKV infection in the
total population and among pregnant women were much
less frequent than in other states in the Northeast region
of Brazil in the period studied.'*** In particular, harm was
only analyzed in the case of fetuses and live-born children
shortly after birth. It is known that the live-born children
of pregnant women infected with ZIKV, even if without
diagnosis of microcephaly/CZS at birth, can present diverse
neurological malformations, musculo-skeletal alterations,
eye alterations and other health complications that will
manifest themselves later.1!*

Nevertheless, if the effects of ZIKV infection during
the period of child growth and development are not
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