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Abstract

regions.

arboviruses.

Background: Zika virus (ZIKV) became a global human health concern owing to its rapid spread worldwide and its
association with congenital and neurological disorders. The current epidemiological profile of arboviruses in Brazil is
characterized by widespread co-circulation of Dengue virus, Chikungunya virus, and ZIKV throughout the country.
These viruses cause acute diseases frequently with overlapping symptoms, which could result in an inaccurate
diagnosis based solely on clinical and epidemiological grounds. Here we conducted a screening for ZIKV RNA in
serum samples from patients across Brazil with suspected ZIKV infection.

Methods: Using RT-qPCR, we investigated ZIKV RNA in 3001 serum samples. Samples were passively acquired
through a private laboratory network, between December 2015 and August 2016, from 27 Brazilian Federative
Units. We performed descriptive statistics on demographic variables including sex, age, and geographic location.
Results: ZIKV was detected in 11.4% (95%Cl = 10.3-12.6%) of the sera. ZIKV RNA was detected in sera collected
throughout the country, but during the analyzed period, RNA was more frequently detected in samples from the
Southeast, Midwest, and North regions (3.9 to 5.8 times higher) when compared to the Northeast and South

Conclusions: These data reinforce the importance of laboratory diagnosis, surveillance systems, and further
epidemiological studies to understand the dynamics of outbreaks and diseases associated with ZIKV and other
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Background

The genus Flavivirus of the family Flaviviridae contains
several well-known mosquito-borne viruses of medical
importance, including Zika virus (ZIKV), Dengue virus
(DENV), West Nile virus, Japanese encephalitis virus,
and Yellow fever virus [1, 2]. ZIKV was first isolated in
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1947 in the Zika Forest of Uganda, and for most of the
virus’s history, evidence of infections came mostly from
sporadic serologic studies in Africa and Asia [3]. In re-
cent years, ZIKV has spread to 84 countries and territor-
ies in the Caribbean region, Latin America, and North
America [4].

The most common symptoms of ZIKV infection are
fever (usually lower than 38.5 °C), pruritic and maculo-
papular rash, joint pain, periarticular edema, and con-
junctivitis (non-purulent/hyperaemic), muscle pain, and
headache [5, 6]. Most ZIKV infections are mild or
asymptomatic [2, 3, 6], but severe complications have
been observed, as fetal microcephaly and neurologic
symptoms such as Guillain-Barré syndrome [2, 3, 7].
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ZIKV infection suspected cases had been defined by Bra-
zilian Health authorities as patients having a pruritic and
maculopapular rash along with two or more of the fol-
lowing symptoms: fever, conjunctival hyperemia (non--
purulent), polyarthralgia and periarticular edema [8].
According to the Brazilian Ministry of Health, confirmed
cases are defined as a suspected case with a positive re-
sult in one test for ZIKV infection diagnoses, such as
virus isolation, detection of viral RNA by reverse tran-
scription followed by polymerase chain reaction, or by a
serologic test to detect IgM antibodies. However, after
the confirmation of viral autochthonous circulation in
an area, case confirmation may take place only by clin-
ical/epidemiological criteria, except for pregnant women,
patients with neurologic disorders, and deaths [8]. It is
important to keep in mind that given cross-reactions be-
tween flaviviruses, the serology results are difficult to be
interpreted in patients from endemic areas or in patients
with history of vaccination against flaviviruses. The best
alternative would be the molecular detection of viral
RNA, during the acute phase. Whole blood and urine
have been proposed as best samples since the virus can
be detected only briefly in plasma or serum during acute
illness [3].

In Brazil, ZIKV was first reported in March of 2015 in
Rio Grande do Norte and Bahia states located in the
Northeast region [9, 10] (Additional file 1: Figure S1) with
subsequent spread throughout the country. At the end of
2015, autochthonous circulation of ZIKV was confirmed
in 19 states of Brazil, with wide dissemination in the
Northeast regions (eight out of the nine states) [11]. From
data from the Brazilian Ministry of Health, up to the
epidemiological week (EW) 52 of 2016, ZIKV circulation
was reported in all 27 Brazilian Federated Units (see
Additional file 2: Table S1 and Additional file 3: Table S2
for definition of EW). In 2016, 215,319 suspected cases
were reported with 130,701 confirmed cases, although
there is no information whether the cases were confirmed
by laboratory tests or solely by clinical-epidemiological
criteria [12]. The highest incidence rate was observed in
the Midwest region with 222.0 cases/100,000 inhabitants,
followed by the Northeast and Southeast regions with
134.4 and 106.2 cases/100,000 inhabitants, respectively
(Official data were retrieved from bulletin published
by the Brazilian Ministry of Health and are pre-
sented in Additional file 2: Table S1) [12]. The inci-
dence rates of ZIKV infection in 2017 decreased
from 5.5 (Midwest region) to 25 times lower (South-
east region) when compared to the incidences rates
observed in 2016, indicating a decrease in virus cir-
culation all over the country from 2016 to 2017 (Of-
ficial data were retrieved from bulletins published by
Brazilian Ministry of Health and are presented in
Additional file 3: Table S2).
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The epidemiological scenario in Brazil during ZIKV out-
breaks was characterized by well-documented co-circulation
of DENV and Chikungunya virus (CHIKV), among other ar-
boviruses. In 2016, up to EW 52, 271,824 suspected chikun-
gunya cases and 1,500,535 suspected cases of dengue were
reported (Official data were retrieved from bulletins pub-
lished by the Brazilian Ministry of Health and are presented
in Additional file 2: Table S1) [12]. Infection with DENV
and CHIKYV can lead to asymptomatic, mild, or severe dis-
ease, and symptoms may be similar to ZIKV infection in-
cluding headache, joint pain, and rash [13, 14]. Thus, the
diagnosis of dengue, Zika, and chikungunya infections based
on clinical criteria may frequently be confused, reinforcing
the need for laboratory diagnosis for case confirmation [2, 3,
15]. Given the emergent nature and the severity of disease
associated with ZIKV infection during simultaneous dengue
and chikungunya outbreaks in Brazil, the aim of this study
was to contribute to the molecular screening of ZIKV in
suspected acute cases from across Brazil.

Materials and methods

Patients and clinical samples

A retrospective cross-sectional screening of ZIKV RNA
in serum samples passively acquired through a private
laboratory network in Brazil was performed. Samples
were received in a private diagnostic medicine laboratory
(Hermes Pardini Institute — HP Institute). In that way, a
convenience sampling, a type of non-probability sam-
pling, which does not include random selection of par-
ticipants, was used in this study. HP Institute has a
network of laboratories all over Brazil that conducts test-
ing for a variety of infectious and non-infectious dis-
eases. The Institute has a national logistics operation
that guarantees cold-chain maintenance and an average
transit time of 19 h from the shipment to the arrival of
the samples at the operational headquarters, in Belo
Horizonte, for diagnosis. The samples were collected,
processed, and frozen according to standard procedures,
before being sent to the HP Institute. Inadequately pre-
served samples were discarded and excluded from the
study. The serum samples included in the study were re-
ceived from ZIKV infection suspected patients based on
the symptoms [8], living in all 27 Federated Units of
Brazil and collected up to five days of the onset of the
symptoms. Information regarding age, EW/year of sam-
pling and also geographic origin of each participant were
taken from patient’s file (Additional file 4: Table S3).
Further information on the patients’ clinical symptoms
and demographic information were not available. The
samples were collected from patients living in all 27 Fed-
erated Units of Brazil but given the convenience sam-
pling, they were mostly received from the Southeast,
followed by the Northeast and Midwest regions of Brazil.
The study period, from December 2015 to August 2016,
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was defined based on the availability of samples received
for analysis. As such, a total of 3001 sera fitted the cri-
teria described above and were included in the study.

RT-qPCR
Total viral RNA was extracted from 140-uL biological spec-
imens using the QIAamp viral RNA mini kit (Qiagen,
USA) according to the manufacturer’s instructions. Detec-
tion of ZIKV RNA was performed by reverse transcription
followed by real-time polymerase chain reaction (RT-qPCR)
with five pl of total RNA, primers and TagMan fluorescent
probes targeting the NS5 region of the ZIKV RNA, pro-
vided in the Bio Gene Zika Virus PCR Kit (Bioclin-Quibasa,
Brazil), in a final volume of 20 pL. Each RT-qPCR run in-
cluded non-template, negative, and internal controls in
addition to a quantitative standard curve according to the
manufacturer’s instructions. The internal control, provided
in the kit, was added to each tube (containing the samples,
the positive or the negative controls), previously to the
RNA extraction. According to the manufacturers, the kit
showed clinical sensitivity of 99.9% and a clinical specificity
of 99.9%. The limit of detection is 10 copies of genome
copy equivalents per reaction and the kit can detect up to
1,000,000 copies of genome copy equivalents per reaction
[16]. This kit is approved by the Agéncia Nacional de

Table 1 Demographic variables of participants tested for ZIKV
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Vigildncia Sanitdria (ANVISA), a Brazilian regulatory
agency, under the registration number 10269360300.

Statistical analysis

We performed descriptive statistical analysis, using the
following information: sex, age and geographic origin of
participants. Information regarding sex and age were not
available from three and six participants, respectively,
and these participants were not included in the analysis
of those parameters. Participants were categorized as
pediatrics (<1-11 months, and 1-10 vyears), young
adults (11-20 and 21-30 years), and adults (31-40, 41—
50, and older than 50 years). Regarding the geographic
origin, participants were categorized as from North,
Northeast, South, Southeast, and Midwest regions (states
in each region are provided in Table 1). Associations be-
tween these characteristics and ZIKV detection were ex-
amined using Chi-square and Fisher’s exact tests, with a
significance cut-off of a = 0.05. Analyses were performed
using Epi-Info 7.2 (Epilnfo™, GA, USA).

Ethical statement

The study was approved by the Human Subjects Re-
search Ethics Committee of the Federal University of
Juiz de Fora (CAAE 3135216.9.0000.5147). The Commit-
tee approved the analysis of biological samples and

Demographics N (%) RT-gPCR positive (%) RT-gPCR negative (%) OR 95% Cl p value
Sex
Female 2111 (703) 268 (12.7) 1843 (87.3) 159 (1.22-2.10) 00005
Male” 887 (29.5) 74 (83) 813 (91.6)
Age group
<1-11m" 99 (3.3) 7(7.0) 92 (92.9) 090
=10y 237 (7.9) 16 (6.8) 221 (93.2) 0.83
11-20y 179 (5.9) 14 (7.8) 165 (92.8) 0.07
21-30y 536 (17.8) 71 (13.2) 465 (86.8) 0.10
31-40y 1007 (33.5) 126 (12.5) 881 (87.5) 0.21
41-50y 287 (9.5) 33(11.5) 254 (88.5) 0.187
>50y 645 (21.5) 74 (11.5) 571 (88.5)
Brazilian regions
South” 201 (6.7) 7 (34) 194 (96.5) < 0.00011
North 216 (7.2) 35(16.2) 181 (83.8) 5.35(2.32-12.36)
Southeast 1240 (41.3) 175 (14.1) 1065 (85.8) 4.55 (2.10-9.84)
Midwest 577 (19.2) 94 (16.2) 483 (83.7) 539 (245-11.83)
Northeast 767 (25.5) 31 (40) 736 (95.9) 6 (0.50-2.69)

“reference categories to which the other categories were compared to. m: months. y: years. ™
transcription followed by real-time polymerase chain reaction. OR: Odds ratio. 95% Cl: 95% confidence interval. ™

Total may not add up 100% due to missing data. RT-qPCR: reverse
Analysis performed using Fisher's exact test.

*Individuals included in this category are those with age ranging from < 1 month to 11 months. tAnalysis performed using Chi-square for trend. Brazilian states in
each region are as follows: South: Rio Grande do Sul, Parand, and Santa Catarina; North: Acre, Amapd, Amazonas, Para, Ronddnia, Roraima, and Tocantins;
Southeast: Minas Gerais, Sao Paulo, Rio de Janeiro and Espirito Santo; Midwest: Mato Grosso, Mato Grosso do Sul, Goids and Distrito Federal; Northeast: Alagoas,
Bahia, Ceara, Maranhao, Paraiba, Pernambuco, Piaui, Rio Grande do Norte and Sergipe
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laboratory files without the informed consent from each
participant since the samples were collected and re-
ceived for viral investigation from several laboratories in
different regions of the country, and all data were ana-
lyzed anonymously with total confidentiality of each
participant.

Results

In the present study, 3001 serum samples from ZIKV in-
fection suspected patients were received over a
nine-month period were analyzed by RT-qPCR to detect
ZIKV infection. Most samples (78.5%; 2357/3001) were
collected between EW 3/2016 and EW 20/2016 (Fig. 1a)
and also the majority of the positive sera (90.9%; 311/
342) was collected in this time period. The majority of
the patients were women (70.3%; 2111/3001), approxi-
mately half were from individuals aged 21-40 years
(51.4%; 1543/3001) (Table 1, Fig. 1b), and 41.3% (1240/
3001) of the samples were from the Southeast region of
Brazil, especially the states of Minas Gerais and Séao
Paulo (Table 1, Fig. 1c).

Of the 3001 sera, 342 tested positive for ZIKV RNA
(Cycle threshold (Ct) cut-off = 36), representing a posi-
tivity rate of 11.4% (95% confidence interval [95% CI] =
10.3-12.6%). All samples were positive for the internal
control (Ct cutoff = 32). The detection of ZIKV RNA in
the screening was 1.59 times higher for women than for
men (odds ratio [OR] =1.59; 95% CI=1.22-2.10; p =
0.0005] (Table 1). No statistical difference regarding the
detection of ZIKV RNA was observed between age
groups (p =0.07) (Table 1).

ZIKV RNA was detected in sera from patients living in
all regions of Brazil (Table 1) in 23 out of 27 Brazilian
Federated Units (Fig. 1c), and the detection of ZIKV
RNA in samples from the Southeast, Midwest, and
North regions was 3.9 to 5.8 times higher than those
from the Northeast and South regions (Additional file 5:
Table S4). No differences were observed in ZIKV positiv-
ity between the Southeast, Midwest, and North regions
(p 20.25) or between the South and Northeast regions
(p = 0.83) (Additional file 5: Table S4).

Discussion

Since the first registered case of ZIKV in Brazil in 2015
[9, 10] the virus spread rapidly throughout the country
[11]. In this study, we performed a screening for ZIKV
RNA in sera collected from ZIKV infection suspected
acute cases seeking health care, from throughout the
country through a private laboratory network. We ob-
served an overall positivity rate of ZIKV RNA in 11.4%
of the samples. The majority of the positive samples
were collected between EW 3/2016 and EW 20/2016,
coinciding with the period that the greatest numbers of
ZIKV infection suspected cases were registered in 2016
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[17], within the epidemic season of arboviruses in Brazil.
Our positivity estimates of ZIKV infection (11.4%) were
significantly lower than the prevalence estimate of the
Brazilian Ministry of Health (51.7%) for the same period
[18]. The official Brazilian Ministry of Health bulletins
reporting ZIKV infection suspected and confirmed cases
are also based on convenience sampling, represented by
people presenting symptoms and seeking health care as-
sistance. The ZIKV infection cases can be confirmed
based on laboratory diagnosis, clinical or epidemiological
criteria [8]. In that way, different symptoms presented
by the patients and different criteria for case confirm-
ation may explain the differences observed between our
results (based on RT-qPCR) and those from the Brazilian
Ministry of Health (based on RT-PCR, serology tests, or
only on clinical-epidemiological criteria). Unfortunately,
there is no information about the tests run by the Brazil-
ian Ministry of Health, or regarding how many cases
were laboratory confirmed by the Brazilian Ministry of
Health laboratories, based on serology or molecular ap-
proaches [12, 18]. In addition, this difference could also
be explained by sampling bias associated with data pas-
sively acquired through a laboratory network or even by
clinical misdiagnosis of some patients with acute febrile
disease.

ZIKV was detected in all regions of Brazil corrob-
orating data from the Brazilian Ministry of Health
[12]. However, in contrast to the official reports [12],
we observed a lower occurrence of ZIKV in North-
east region compared to the Midwest, Southeast, and
North regions. Lourenco and colleagues [19], using
an ento-epidemiological transmission model, ana-
lyzed the Zika outbreak (from 2015 up to 2017) in
one major urban center (Feira de Santana, Bahia
state) in the Northeast region. The authors observed
high attack rates during the first wave of the epi-
demics when 65% of Feira de Santana population
were estimated to have been infected by ZIKV up to
the end of 2015 [19]. The authors demonstrated that
the high transmission potential of ZIKV in an urban
center could lead to the exhaustion of susceptible
hosts, explaining the decline in ZIKV infection cases
observed in the following years (2016 and 2017), due
to herd immunity. Epidemics of ZIKV infection in
Brazil began in the Northeastern region, which has
been described as one of the most affected areas by
ZIKV [11, 12] and had its peak in 2015. Then, in
2016, ZIKV infection was largely disseminated in
Brazil, but incidence rates presented a significant
drop in 2017 [20] (Additional file 3: Table S2). These
data altogether could in part, explain the lower oc-
currence of ZIKV infection that we observed in the
Northeast region, in 2016, compared to the South-
east, North and, Midwest regions of Brazil.
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It is also important to note that in Brazil (up to EW 32  of DENV and CHIKV could lead to clinical misdiagnosis
of 2016), 87.8% and 21.7% of the suspected cases of resulting in an increased number of samples, especially
CHIKV and DENV infections, respectively, were re- from the Northeast region, being sent for laboratory
ported in the Northeast region [18]. The co-circulation diagnosis of Zika. In fact, we observed a higher ratio of
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ZIKV infection suspected cases over the ZIKV infection
laboratory-confirmed cases for participants from the
Northeast region when compared to participants from
other regions. This could also stem from concerns about
the burden of ZIKV and the greatest numbers of associ-
ated neurological disorders in the Northeast region of
the country, during Zika outbreaks [21].

The preponderance of young adults, especially women,
sampled in this study could stem from a greater likeli-
hood for women to seek health care, even with mild
symptoms, and especially due to the concerns regarding
sexual transmission of ZIKV and the association of ZIKV
infection during pregnancy with microcephaly and other
neurological disorders [2, 3, 7]. As previously observed
[22, 23], we detected a higher number of ZIKV RNA
positive samples among women. It has been proposed
that higher infection rates in women could be due to
greater exposure to the vector in the household environ-
ment [23].

Although some studies highlight the role of urine and
whole blood as a source of sample for ZIKV diagnostics
since the virus has been detected in higher titers than in
serum for prolonged times [3], we were only able to test
sera using RT-qPCR. It was mandatory to collect sam-
ples within the five days of the onset of the symptoms
when the virus can be detected in serum samples, but
we cannot rule out the low viremia in some samples, by
the time that patients have symptoms, or shortly after
that. On the other hand, given the logistics used, the ex-
ternal effect of sample collection and processing over
the positivity rate was minimized, given the high-quality
standard of sample collection, transport, and processing.
Further, specimens used for this analysis were passively
acquired through an existing laboratory network (i.e.,
convenience sampling) and were received for routine
diagnosis from a single period (December 2015 to Au-
gust 2016). Convenience sampling limits the interpret-
ation of our data in that way, our results may not be
representative of broader patterns of ZIKV infection in
the general population. Detailed data on patient socio-
economic status and knowledge about ZIKV infection
was not available, but these associations could perhaps
be explored in future analyses regarding the use of
passively-acquired data from laboratory networks.

It is also important to note that the overlapping ZIKV
infection in clinical presentation with other arboviruses
may artificially conflate diagnoses made solely on clin-
ical/epidemiological criteria. In 2016, widespread dengue
and chikungunya outbreaks took place in Brazil with
more than 1.6 million suspected cases [12]. Although we
were not able to test the samples for other arboviruses,
some of the suspected cases that were ZIKV-negative
could also represent clinical misdiagnoses of other infec-
tions, including the ones caused by other arboviruses
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such as DENV and CHIKV. The clinical misdiagnosis of
diseases caused by ZIKV, DENV and CHIKV have
already been demonstrated in some parts of Brazil, like
Sdo Paulo, Bahia, and Rio de Janeiro states [22-26] and
our results indicate that this phenomenon might have
happened throughout the country.

Conclusions

Given the epidemiological context, laboratory differential
diagnosis, distinguishing ZIKV from other arboviruses is
imperative, given the widespread co-circulation of these
viruses in Brazil and the fact that syndromic surveillance
is not enough to accurately define the etiology of many
acute exanthematous illnesses. ZIKV constitutes a public
health burden, and future studies are crucial to the un-
derstanding of outbreak dynamics and disease associated
with ZIKV infection, as well to the establishment of con-
trol and prevention measures, including any future vac-
cination programs.

Additional files

Additional file 1: Figure S1. Geopolitical map of Brazil. The Rio Grande
do Norte and Bahia states, where Zika virus was first reported, is
highlighted. Brazilian Federative Units are indicated as follows: DF: Distrito
Federal; GO: Goids; MS: Mato Grosso do Sul; MT: Mato Grosso; AC: Acre;
AM: Amazonas; AP: Amapé; PA: Pard; RO: Rondonia; RR: Roraima; TO:
Tocantins; AL: Alagoas; BA: Bahia; CE: Ceard; MA: Maranhao; PB: Parafba;
PE: Pernambuco; PI: Piauf; RN: Rio Grande do Norte; SE: Sergipe; PR:
Parang; RS: Rio Grande do Sul; SC: Santa Catarina; ES: Espirito Santo; MG:
Minas Gerais; RJ: Rio de Janeiro; SP: Sdo Paulo. Brazilian states in each
region are as follows: South: RS, PR, and SC; North: AC, AP, AM, PA, RO,
RR, and TO; Southeast: MG, SP, RJ and ES; Midwest: MT, MS, GO and DF;
Northeast: AL, BA, CE, MA, PB, PE, PI, RN and SE. (TIFF 261 kb)

Additional file 2: Table S1. Reported cases and incidence of dengue,
chikungunya, and Zika, in Brazil, in 2016. Incidence rates are indicated per
100,000 inhabitants. Data regarding the total reported cases (absolute
numbers) and the incidence rates of Zika, chikungunya and dengue in
different regions of Brazil were retrieved from official bulletins and
tabulated. The bulletin published by Brazilian Ministry of Health,
containing the data above is available at: http://
combateaedes.saude.gov.br/images/boletins-epidemiologicos/2016-
Dengue_Zika_Chikungunya-SE52.pdf (Accessed 26 Jan 2018). The
percentages of reported cases of Zika, chikungunya and dengue were
estimated per region (in relation to total cases reported in Brazil, in 2016),
and are shown within brackets. The data presented here refer to the
epidemiological weeks 1 to 52 of 2016. An epidemiological week (EW) is
a standardized method of counting weeks to allow for the comparison of
data year after year. By international convention EWs are counted from
Sunday to Saturday. The first EW of the year ends, by definition, on the
first Saturday of January. The epidemiological calendar of 2016, used by
Brazilian Ministry of Health, is available at http://portalsinan.saude.gov.br/
calendario-epidemiologico-2016. According to guides of Brazilian Ministry
of Health, in areas with previous history of dengue virus, chikungunya
virus or Zika virus transmission, during the epidemics periods, the
confirmation of the majority of the cases should be performed by the
clinical-epidemiological criteria, after the confirmation of viral circulation
and epidemiological investigation of first cases in a given area. In general,
blood collection and testing has been recommended for one to every 10
patients with suspected dengue fever, applying the same proportion to
Zika and chikungunya (http://bvsms.saude.gov.br/bvs/publicacoes/guia_-
vigilancia_saude_volume_2.pdf). (DOC 39 kb)
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Additional file 3: Table S2. Decrease in the incidence of Zika virus
infection in Brazil, from 2016 to 2017. Incidence values are indicated per
100,000 inhabitants. *Data from epidemiological week 1 to 52/2016.
**Data from epidemiological week 1 to 52/2017. Data regarding Zika
virus infection incidence in different regions of Brazil were retrieved from
official bulletins and tabulated. The ratio incidence of Zika virus infection
cases 2016/ incidence of Zika virus infection 2017 was estimated and
presented. The incidence rates presented here refer to epidemiological
weeks 1 to 52 of each year: 2016 and 2017. The bulletins, published by
Brazilian Ministry of Health, containing the incidence rates are available at
http://combateaedes.saude.gov.br/images/boletins-epidemiologicos/
2016-Dengue_Zika_Chikungunya-SE52.pdf (Accessed 26 Jan 2018), and at
http://portalarquivos2.saude.gov.br/images/pdf/2018/janeiro/23 /Boletim-
2018-001-Dengue.pdf (Accessed 26 Jan 2018). An epidemiological week
(EW) is a standardized method of counting weeks to allow for the
comparison of data year after year. By international convention EWs are
counted from Sunday to Saturday. The first EW of the year ends, by
definition, on the first Saturday of January. The epidemiological calendar
of 2016 and 2017, used by Brazilian Ministry of Health, are available at
http://portalsinan.saude.gov.br/calendario-epidemiologico-2016 and at
http://portalsinan.saude.gov.br/calendario-
epidemiologico?layout=edit&id=161, respectively. (DOC 33 kb)

Additional file 4: Table S3. Information of each participant were taken
from patient’s file. * Geographic regions and state initials as follows:
NORTH REGION: AC: Acre; AP: Amapd; AM: Amazonas; PA: Pard; RR:
Roraima; RO: Rond6nia; and TO: Tocantins. MIDWEST REGION: DF: Distrito
Federal; GO: Goids; MT: Mato Grosso; and MS: Mato Grosso do Sul.
SOUTHEAST REGION: ES: Espirito Santo; MG: Minas Gerais; RJ: Rio de
Janeiro; and SP: Séo Paulo. SOUTH REGION: PR: Paran4; RS: Rio Grande do
Sul; and SC: Santa Catarina. NORTHEAST REGION: AL: Alagoas; BA: Bahia;
CE: Ceard; MA: Maranhao; PB: Paraiba; PE: Pernambuco; PI: Piaui; RN: Rio
Grande do Norte; and SE: Sergipe. (XLSX 154 kb)

Additional file 5: Table S4. Analysis of the difference of Zika virus
detection in all Brazilian regions during 2015-2016. The difference of Zika
virus detection is shown by comparing all regions each other (null
hypothesis: Zika virus detection is equal among the regions). Southeast,
Midwest, and North were more likely for the detection of Zika virus than
Northeast and South regions. No differences were observed in Zika virus
detection between Southeast, Midwest, and North regions, or between
the South and Northeast regions. Statistical analysis was carried out using
the Chi-squared test. (Cl: Confidence Interval; OR: Odds Ratio; p: p-value).
(DOC 33 kb)
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CHIKV: Chikungunya virus; Cl: Confidence interval; Ct: Cycle threshold;
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Acknowledgments

We thank our colleagues from Laboratério de Virus, Universidade Federal de
Minas Gerais, and from Instituto Hermes Pardini for the technical help and
discussion of data.

Funding

The study was supported by Hermes Pardini Institute, Fundacdo de Amparo
a Pesquisa do Estado de Minas Gerais (FAPEMIG) [APQ-01703- 14], MCTIC/
FNDCT-CNPg/ MEC-CAPES/MS-Decit-14/2016, Conselho Nacional de Desen-
volvimento Cientifico e Tecnolégico (CNPq), Coordenacéo de Aperfeicoa-
mento de Pessoal de Nivel Superior (CAPES), and Pré-Reitoria de Pesquisa da
Universidade Federal de Minas Gerais. Livia Sacchetto is fellow from CAPES.
Giliane de Souza Trindade, Jonatas Santos Abrahdo and Erna Geessien Kroon
are CNPq researchers.

Availability of data and materials
All data generated or analysed during this study are included in this
published article [and its supplementary information files].

Page 7 of 8

Disclosures

The findings and conclusions in this report are those of the authors and do
not necessarily represent the official position of the Centers for Disease
Control and Prevention.

Authors’ contributions

LS, DAGZ, GBC, SAJG, ECCM, LBA and FLOM performed experiments and
data analysis. DAGZ, ECCM and BPD contributed to the design of the study.
LS, GBC, SAJG, JSA, GST, EGK and BPD performed data analysis and wrote the
manuscript. All authors approved the final version of manuscript. DAGZ and
GBC contributed equally to this study.

Ethics approval and consent to participate
The study was approved by the Human Subjects Research Ethics Committee
of the Federal University of Juiz de Fora (CAAE 3135216.9.0000.5147).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Laboratério de Virus, Departamento de Microbiologia, Instituto de Ciéncias
Biolégicas, Universidade Federal de Minas Gerais, Bloco F4, Sala 258, Avenida
Anténio Carlos, 6627, Belo Horizonte, Minas Gerais 31270-901, Brazil.
?Instituto Hermes Pardini, Vespasiano, Minas Gerais, Brazil. *Poxvirus and
Rabies Branch, US Centers for Disease Control and Prevention, Atlanta, GA,
USA. *Epidemic Intelligence Service, US Centers for Disease Control and
Prevention, Atlanta, GA, USA. 5Programa de Pés-graduacdo em Ciéncias
Bioldgicas, Universidade Federal de Juiz de Fora, Juiz de Fora, Minas Gerais,
Brazil.

Received: 24 May 2018 Accepted: 27 September 2018
Published online: 11 October 2018

References

1. Smith DR. Waiting in the wings: the potential of mosquito transmitted
flaviviruses to emerge. Crit Rev Microbiol. 2016;43:405-22.

2. Fauci AS, Morens DM. Zika virus in the Americas—yet another arbovirus
threat. N Engl J Med. 2016,;374:601-4.

3. Baud D, Gubler DJ, Schaub B, Lanteri MC, Musso D. An update on Zika virus
infection. Lancet. 2017;390:2099-109.

4. World Health Organization. Situation report Zika virus Microcephaly Guillain-
Barré Syndrome 2 February 2017. 2017. http//www.who.int/emergencies/
zika-virus/situation-report/10-march-2017/en/. Accessed 20 Feb 2018.

5. Pan American Health Organization. Zika virus. 2016. http://www.paho.org/
hg/index.php?option=com_content&view=article&id=11117&Itemid=
41532&lang=pdt. Accessed 20 Feb 2018.

6. Centers for Disease Control and Prevention. Zika virus. 2017. http://www.
cdc.gov/zika/symptoms/symptoms.html. Accessed 20 Feb 2018.

7. Mlakar J, Korva M, Tul N, Popovic M, Poljsak-Priiateli M, Mraz J, Kolenc M,
Resman Rus K, Vesnaver Vipotnik T, Fabjan Vodusek V, Vizjak A, Pizem J,
Petrovec M, Avsic ZT. Zika virus associated with microcephaly. N Engl J
Med. 2016;374:951-8.

8. Ministério da Saude, Brasil. Procedimentos a serem adotados para a
vigilancia da Febre do virus Zika no Brasil - Nota informativa SVS/MS 2015.
2016. http://portalarquivos.saude.gov.br/images/pdf/2016/marco/07/Nota-
Informativa-zika.pdf. Accessed 20 Feb 2018.

9. Zanluca C, Melo VCA, Mosimann ALP, Santos GIV, Santos CND, Luz K. First
report of autochthonous transmission of Zika virus in Brazil. Mem Inst
Oswaldo Cruz. 2015;110:569-72.

10.  Campos GS, Bandeira AC, Sardi SI. Zika Virus Outbreak, Bahia, Brazil. Emerg
Infect Dis. 2015,21:1885-6.

11. Secretaria de Vigilancia em Saude, Ministério da Saude, Brasil.
Monitoramento dos casos de dengue, febre de chikungunya e febre pelo
virus Zika até a Semana Epidemioldgica 52, 2015. Boletim Epidemioldgico, v.


https://doi.org/10.1186/s12985-018-1070-z
http://combateaedes.saude.gov.br/images/boletins-epidemiologicos/2016-Dengue_Zika_Chikungunya-SE52.pdf
http://combateaedes.saude.gov.br/images/boletins-epidemiologicos/2016-Dengue_Zika_Chikungunya-SE52.pdf
http://portalarquivos2.saude.gov.br/images/pdf/2018/janeiro/23
http://portalsinan.saude.gov.br/calendario-epidemiologico-2016
http://portalsinan.saude.gov.br/calendario-epidemiologico?layout=edit&id=161
http://portalsinan.saude.gov.br/calendario-epidemiologico?layout=edit&id=161
https://doi.org/10.1186/s12985-018-1070-z
https://doi.org/10.1186/s12985-018-1070-z
http://www.who.int/emergencies/zika-virus/situation-report/10-march-2017/en/
http://www.who.int/emergencies/zika-virus/situation-report/10-march-2017/en/
http://www.paho.org/hq/index.php?option=com_content&view=article&id=11117&Itemid=41532&lang=pdt
http://www.paho.org/hq/index.php?option=com_content&view=article&id=11117&Itemid=41532&lang=pdt
http://www.paho.org/hq/index.php?option=com_content&view=article&id=11117&Itemid=41532&lang=pdt
http://www.cdc.gov/zika/symptoms/symptoms.html
http://www.cdc.gov/zika/symptoms/symptoms.html
http://portalarquivos.saude.gov.br/images/pdf/2016/marco/07/Nota-Informativa-zika.pdf
http://portalarquivos.saude.gov.br/images/pdf/2016/marco/07/Nota-Informativa-zika.pdf

Sacchetto et al. Virology Journal (2018) 15:155

20.

21.

22.

23.

24.

25.

26.

47,n.3, 2016. http://portalarquivos2.saude.gov.br/images/pdf/2016/janeiro/
15/5vs2016-be003-dengue-se52.pdf (2016). Accessed 20 Feb 2018.
Secretaria de Vigildncia em Saude, Ministério da Satde, Brasil.
Monitoramento dos casos de dengue, febre de chikungunya e febre pelo
virus Zika até a Semana Epidemioldgica 52, 2016. Boletim Epidemiolégico, v.
48,n.3, 2017. http//combateaedes.saude.gov.br/images/boletins-
epidemiologicos/2016-Dengue_Zika_Chikungunya-SE52.pdf (2017).
Accessed 9 Jan 2018.

Centers for Disease Control and Prevention. Dengue. Available at: https://
www.cdc.gov/dengue/symptoms/index.html (2012). Accessed 9 Jan 2018.
Centers for Disease Control and Prevention. Chikungunya. Available at:
https://www.cdc.gov/chikungunya/symptoms/index.html (2016). Accessed 9
Jan 2018.

Cardoso CW, Kikuti M, Prates APP, Paploski IA, Tauro LB, Silva MM, Santana
P, Rego MF, Reis MG, Kitron U, Ribeiro GS. Unrecognized emergence of
Chikungunya virus during a Zika virus outbreak in Salvador, Brazil. PLoS
Negl Trop Dis. 2017;11:20005334.

Bioclin QUIBASA. Bio Gene Zika Virus PCR. 2017. http://www.bioclin.com.br/
sitebioclin/wordpress/wp-content/uploads/arquivos/instrucoes/
INSTRUCOES_BIO_GENE_ZIKA.pdf. Accessed 28 Apr 2018.

de Oliveira WK, Carmo EH, Henriques CM, Coelho G, Vazquez E, Cortez-
Escalante J, Molina J, Aldighieri S, Espinal MA, Dye C. Zika virus infection and
associated neurologic disorders in Brazil. N Engl J Med 2017,376:1591-1593.
Secretaria de Vigilancia em Sadde, Ministério da Satde, Brasil.
Monitoramento dos casos de dengue, febre de chikungunya e febre pelo
virus Zika até a Semana Epidemioldgica 32, 2016. Boletim Epidemioldgico, v.
47,n.33, 2016. 2016. http://combateaedes.saude.gov.br/images/sala-de-
situacao/2016-Dengue_Zika_Chikungunya-SE32.pdf. Accessed 9 Jan 2018.
Lourengo J, Lima MM, Faria NR, Walker A, Kraemer MUG, Villabona-Arenas
CJ, Lambert B, Cerqueira EM, Pybus OG, Alcantara LCJ, Recker M.
Epidemiological and ecological determinants of Zika virus transmission in
an urban setting. elife. 2017,6:229820.

Secretaria de Vigildncia em Saude, Ministério da Satde, Brasil.
Monitoramento dos casos de dengue, febre de chikungunya e febre pelo
virus Zika até a Semana Epidemioldgica 52, 2017. Boletim Epidemioldgico, v.
49, n.2, 2018. 2018. http://portalarquivos2.saude.gov.br/images/pdf/2018/
janeiro/23/Boletim-2018-001-Dengue.pdf. Accessed 9 Jan 2018.

Secretaria de Vigilancia em Saude, Ministério da Saude, Brasil Monitoramento
integrado de alteragdes no crescimento e desenvolvimento relacionadas a
infeccdo pelo virus Zika e outras etiologias infecciosas, da Semana
Epidemioldgica 45/2015 até a Semana Epidemiologica 02/2017. Boletim
epidemiodemioldgico, v. n. 2, 2017. 2017. http//portalarquivos2.saude.gov.br/
images/pdf/2017/fevereiro/27/2017_003.pdf. Accessed 3 Sept 2018,

Fernanda Estofolete C, Terzian AC, Parreira R, Esteves A, Hardman L, Greque GV,
Rahal P, Nogueira ML. Clinical and laboratory profile of Zika virus infection in
dengue suspected patients: a case series. J Clin Virol. 2016,81:25-30.

Dos Santos T, Rodriguez A, Almiron M, Sanhueza A, Ramon P, de Oliveira
WK, Coelho GE, Badaro R, Cortez J, Ospina M, Pimentel R, Masis R,
Hernandez F, Lara B, Montoya R, Jubithana B, Melchor A, Alvarez A,
Aldighieri S, Dye C, Espinal MA. Zika virus and the Guillain-Barré syndrome
— case series from seven countries. N Engl J Med 2016;375:1598-1601.
Colombo TE, Estofolete CF, Reis AFN, da Silva NS, Aguiar ML, Cabrera EMS,
Dos Santos INP, Costa FR, Cruz LEAA, Rombola PL, Terzian ACB, Nogueira
ML. Clinical, laboratory and virological data from suspected ZIKV patients in
an endemic arbovirus area. J Clin Virol. 2017,96:20-5.

Cardoso CW, Paploski 1A, Kikuti M, Rodrigues MS, Silva MM, Campos GS,
Sardi S, Kitron U, Reis MG, Ribeiro GS. Outbreak of Exanthematous illness
associated with Zika, Chikungunya, and dengue viruses, Salvador, Brazil.
Emerg Infect Dis. 2015;21:2274-6.

Brasil P, Calvet GA, Siqueira AM, Wakimoto M, de Sequeira PC, Nobre A,
Quintana MS, Mendonca MC, Lupi O, de Souza RV, Romero C, Zogbi H,
Bressan CS, Lourenco-de-Oliveira R, Nogueira RM, Carvalho MS, de Filippis
AM, Jaenisch T. Zika virus outbreak in Rio de Janeiro, Brazil: clinical
characterization, epidemiological and virological aspects. PLoS Negl Trop
Dis. 2016;10:20004636.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions


http://portalarquivos2.saude.gov.br/images/pdf/2016/janeiro/15/svs2016-be003-dengue-se52.pdf
http://portalarquivos2.saude.gov.br/images/pdf/2016/janeiro/15/svs2016-be003-dengue-se52.pdf
http://combateaedes.saude.gov.br/images/boletins-epidemiologicos/2016-Dengue_Zika_Chikungunya-SE52.pdf
http://combateaedes.saude.gov.br/images/boletins-epidemiologicos/2016-Dengue_Zika_Chikungunya-SE52.pdf
https://www.cdc.gov/dengue/symptoms/index.html
https://www.cdc.gov/dengue/symptoms/index.html
https://www.cdc.gov/chikungunya/symptoms/index.html
http://www.bioclin.com.br/sitebioclin/wordpress/wp-content/uploads/arquivos/instrucoes/INSTRUCOES_BIO_GENE_ZIKA.pdf
http://www.bioclin.com.br/sitebioclin/wordpress/wp-content/uploads/arquivos/instrucoes/INSTRUCOES_BIO_GENE_ZIKA.pdf
http://www.bioclin.com.br/sitebioclin/wordpress/wp-content/uploads/arquivos/instrucoes/INSTRUCOES_BIO_GENE_ZIKA.pdf
http://combateaedes.saude.gov.br/images/sala-de-situacao/2016-Dengue_Zika_Chikungunya-SE32.pdf
http://combateaedes.saude.gov.br/images/sala-de-situacao/2016-Dengue_Zika_Chikungunya-SE32.pdf
http://portalarquivos2.saude.gov.br/images/pdf/2018/janeiro/23/Boletim-2018-001-Dengue.pdf
http://portalarquivos2.saude.gov.br/images/pdf/2018/janeiro/23/Boletim-2018-001-Dengue.pdf
http://portalarquivos2.saude.gov.br/images/pdf/2017/fevereiro/27/2017_003.pdf
http://portalarquivos2.saude.gov.br/images/pdf/2017/fevereiro/27/2017_003.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Materials and methods
	Patients and clinical samples
	RT-qPCR
	Statistical analysis
	Ethical statement

	Results
	Discussion
	Conclusions
	Additional files
	Abbreviations
	Acknowledgments
	Funding
	Availability of data and materials
	Disclosures
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

