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Abstract

Background: The State of Ceará, in Northeastern Brazil, suffers from a triple burden of arboviruses (dengue, Zika
and chikungunya). We measured the seroprevalence of chikungunya, dengue and Zika and its associated factors in
the population of Juazeiro do Norte, Southern Ceará State, Brazil.

Methods: A cross-sectional study of analytical and spatial analysis was performed to estimate the seroprevalence of
dengue, Zika and chikungunya, in the year 2018. Participants were tested for IgM and IgG against these three
viruses. Those with IgM and/or IgG positive tests results were considered positive. Poisson regression was used to
analyze the factors associated with positive cases, in the same way that the spatial analysis of positive cases was
performed to verify whether the cases were grouped.

Results: Of the 404 participants, 25.0% (103/404) were positive for CHIKV, 92.0% (373/404) for flavivirus (dengue or
Zika) and of these, 37.9% (153/404) samples were classified as probable dengue infection. Of those who reported
having had an arbovirus in the past, positive CHIKV cases had 58.7% arthralgia (PR = 4.31; 95% CI: 2.06–9.03; p =
0.000) mainly in the hands, ankles and feet. Age over 60 years had a positive association with cases of flavivirus
(PR = 1.29; 95% CI: 1.09–1.54; p = 0.000). Fever, muscle pain, joint pain and skin rash were the most reported
symptoms (46.1, 41.0, 38.3 and 28.41%, respectively). The positive cases of chikungunya and dengue or Zika were
grouped in space and the city center was most affected area.
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Conclusions: Four years after the introduction of CHIKV, where DENV has been in circulation for over 30 years, 1/4
of the population has already been exposed, showing the extent of the epidemic. The measured prevalence was
much higher than that reported by local epidemiological surveillance.

Keywords: Seroprevalence, Chikungunya virus, Dengue virus, Zika virus

Background
Dengue virus (DENV) has been endemic in the northeast-
ern region of Brazil for over 30 years, with circulation of the
four serotypes (DENV 1–4), causing a significant number
of cases and several outbreaks in all states of the region [1,
2]. The chikungunya virus (CHIKV) was detected in the
Americas in 2014 [3] and caused a major epidemic in 2017
with approximately 190,000 cases reported in Brazil, with
173 deaths, according the SINAN (Portuguese acronym for
Notifiable Diseases Information System, official epidemio-
logic suveilance). Of these, 137,424 (73%) cases were re-
ported in Ceará, Northeast Brazil [3–5]. In 2015, the Zika
virus (ZIKV) started to circulate in the Northeast region of
Brazil and, in the following years, caused an epidemic with
more than 200,000 reported cases. This virus has been
associated with many neurological disorders, including
congenital syndrome caused by the Zika virus and Guillain-
Barré syndrome [6, 7].
Aedes aegypti is the main transmitter of these three

viruses. They usually cause diseases with very similar clin-
ical characteristics at the beginning, which present them-
selves as a nonspecific and mild febrile illness, muscle
pain, arthralgia, with the addition of a rash, or conjunctiv-
itis / retroorbital pain. This fact can confuse the diagnosis
and clinical management of professionals [3, 8].
Juazeiro do Norte is a city located in the south of

Ceará, has the 3rd largest population in the state. The
city receives approximately 2.5 million people annually
due to religious tourism and has a history of dengue
transmission for over two decades [9, 10]. Between 2016
and 2017, 1047 cases of chikungunya (two deaths) were
reported in the city. Of these, only 173 were laboratory
confirmed [5, 7]. In the same period, the incidence of
dengue was 778.6/100,000 inhabitants and eight other
cases of Zika were reported. Of these, only 106 were la-
boratory confirmed for DENV and two for ZIKV [4, 11].
Due to passive surveillance in Brazil, only cases cases

that seek assistance are confirmed, as a result, it is diffi-
cult to estimate the magnitude of the epidemic. In
addition, Zika virus and the dengue virus are both flavi-
viruses and genetically related, which, can cause cross-
reaction of serological tests against these viruses [12,
13]. Therefore, establishing a final diagnosis of flavivirus
in an endemic area of ZIKV/DENV co-circulation is a
challenge, given the similarity of symptoms and the diffi-
culty of serological tests to identify the viruses. Besides,

other regional characteristics of Brazil, such as vaccin-
ation against the yellow fever virus (YFV), another mem-
ber of the Flaviviridae family, make it difficult to
determine the real impact caused by these viruses on
Brazilian population [14, 15].
Considering that the state of Ceará had one of the

worst chikungunya epidemics in Brazil, with an inci-
dence of 1460.6 cases / 100,000 inhabitants and 245 con-
firmed deaths in 2016/2017 [5, 11] and that there is a
lack of quality information on the real numbers of Zika
and dengue infections (the latter circulating for more
than 30 years in the region) [9], the aim of this study
was to estimate the seroprevalence of chikungunya and
dengue or Zika in the population of Juazeiro do Norte,
Brazil. In addition, we aim to describe and analyze the
epidemiological profile and clinical manifestations asso-
ciated with serological positivity by viruses and to iden-
tify the spatial distribution patterns of positive cases due
to chikungunya and dengue or Zika.

Methods
Design and study site
This was an analytical and spatial analysis cross-
sectional survey study with data collected between June
and December 2018 in the city of Juazeiro do Norte,
Northeastern Brazil. The municipality has an estimated
population of 271,926 inhabitants, distributed in 37
neighborhoods [10] (Fig. 1).

Sampling for data collection
Random points were proportionally drawn using the
ArcGIS 9.2 software to the population of each neighbor-
hood to identify the collection sites. These points were
distributed under the cartographic base of the city, pro-
vided by the Brazilian Institute of Geography and Statis-
tics (IBGE); subsequently, all residents of selected house
were invited to participate in the study and those who
accepted were included. If the point drawn was not a
residence or if none resident from the selected residence
agreed to participate in the survey, the residence closest
to the selected location was selected. In neighborhoods
with a population of less than 1000 inhabitants, a mini-
mum of three residences were previously defined.
Sample size was calculated by estimating a prevalence

of 50%, with a sampling error of 5% and a confidence
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level of 95%, using Epi Info 7.2 software, resulting in a
minimum sample of 384 individuals.

Household visit procedures
Houeshold visits were conducted by a trained team, co-
ordinated by a nurse. One venous blood (5 ml) sample
was collected per each participant for serological diagno-
sis and a semi-structured questionnaire was adminis-
tered. The questionnaire was developed specifically for
this study and addressed questions related to sociode-
mographic factors (age, gender, self-reported skin color,
educational level, occupation/work, family income, num-
ber of individuals in the household), medical history
(cardiovascular diseases, diabetes, hypertension and pre-
vious arbovirus diagnosis during pregnancies), house-
hold environmental characteristics (type of habitation,
water storage, basic sanitation, regular garbage collec-
tion, number of toilets, running water) and mosquito
control related behaviors (use of mosquito nets or insect
repellent for insect protection, and prior knowledge re-
garding arboviruses).

Laboratory diagnosis
For serum separation, the collected blood samples were
transported to the local laboratory where they were centri-
fuged under 3000 rpm for 10min in an EVLAB apparatus
(Macro EV model; 04). Subsequently, they were frozen at
− 20 °C and later transported to the Central Laboratory of
Public Health of Ceará (LACEN-CE) for the tests.
The samples were tested for dengue, chikungunya and

Zika using the method of Enzyme-Linked Immunosorb-
ent Assay (ELISA). All samples were tested for IgG

(immunoglobulin G) and IgM (immunoglobulin M): to
CHIKV detection was performed using the Euroimmun®
kits (Lübeck, Schleswig-Holstein, Germany). DENV IgM
and IgG detection was performed using the Panbio® kit
(Suwon city, Kyonggi province, Korea). Zika IgM detec-
tion was performed using the Novagnostic® (Siemens,
Berlim, Germany) kits and IgG using the Euroimmun®
kits. All tests were conducted according to manufac-
turers’ instructions.
Samples that showed inconclusive results were

retested. All samples with IgM reagents were tested by
reverse transcription polymerase chain reaction (RT-
PCR) to investigate possible recent infection or co-
detection (Table 4 in Appendix).

Case definition and symptomatic individuals
A case of CHIKV infection were defined as a case of an
individual with serum CHIKV IgM and/or IgG anti-
bodies detected using the enzyme-linked immunosorb-
ent assay method.
A case of flavivirus infection was defined as an individ-

ual who presented dengue and/or Zika positive serol-
ogies (IgM or IgG) detected using the ELISA (excluding
indefinite cases).
Probable dengue cases were defined as an individual

with positive serology for dengue (IgM or IgG), detected
by the ELISA, and negative for Zika (IgM and IgG), ex-
cluding undefined cases.
Probable Zika cases was defined as an individual with

positive Zika serology (IgM or IgG), detected by the
ELISA, and negative for dengue (IgM and IgG), exclud-
ing undefined cases.

Fig. 1 Location of the city of Juazeiro do Norte, Ceará, Brazil
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A case of arbovirus infection was defined as an indi-
vidual who presented dengue and/or Zika and/or chi-
kungunya positive serologies (IgM or IgG) detected
using the ELISA (excluding indefinite cases).
To calculate the proportion of symptomatic persons,

we considered those who declared to have had any of
these diseases (with medical confirmation or not), which
showed suggestive symptoms for these three arbovirus
disease (body pain, joint pain, fever, conjunctivitis, rash),
between 2016 and 2018; and those who had IgM or IgG
positive tests. We considered asymptomatic those who
reported they had not any infection but who had positive
results for IgM, IgG, or both.

Data analysis
Data were entered into the Epi Info 7.2 software and an-
alyzed using Stata 15.1 software (Stata Corp LP, College
Station, TX, USA).
Absolute and relative frequencies were calculated, and

the chi-squared test was used to assess the association
associations between seropositive people and sociode-
mographic and clinical data. The magnitude of these as-
sociations was calculated through the crude prevalence
ratio (PR).
To adjust for confounding factors, all variables with

p < 0.20 in the bivariate analysis were adjusted by age
group (model 1) by robust Poisson regression. After this
first adjustment, the variables that were associated with
the outcome were included in robust Poisson’s regres-
sion model (model 2). For this last stage of analysis, the
variables were categorized hierarchically, according to
the class to which they belonged: group 1, socioeco-
nomic and knowledge regarding arboviruses, and group
2, clinical features [16, 17]. All variables with p < 0.10 in
these latter models were selected as inputs to a final ro-
bust Poisson’s regression model to identify significant as-
sociations (p < 0.05).
To calculate the underreporting of cases, we multiplied

the seroprevalence of CHIKV found in the study, by the
population of the municipality, to estimate the number
of cases that should have been reported as suspect. This
number was later divided by the number of cases cap-
tured by local surveillance.

Spatial analysis
The latitude and longitude of each participant residence
was marked using a GPS device (Garmin model,
etrex30®).
For spatial analysis, the ArcGis 9.2 software was used.

Kernel density analysis was used to map CHIKV sero-
positive and DENV/ZIKV density within the geographic
limits of the study region.
Complementary to this analysis, the nearest neighbor

method was used [18], which allowed to measure the

distance between each positive point and the location of
its nearest neighbor, identifying if the distribution of chi-
kungunya cases exhibited clustering or dispersion in
space.
Finally, the prevalence coefficient of each neighborhood

was calculated by summing the total number of positive
cases and dividing this value by the sample of each neigh-
borhood and multiplying this result by 100 [19].

Results
Characteristics of the population
Of the 412 volunteers recruited, eight were excluded due
to hemolysis of the collected blood, therefore 404
(98.1%) were included in the analysis. More women were
included (68.3%) in this study, the median age was of 45
years old (5–91), the most common self-reported ethni-
city was brown (or mixed race) (65.1%), low or no edu-
cation was present in 57.9%, and average family income
was below one minimum wage ($954.00 [1US$ = ±
$4.00]). All households had a water supply and 97.7%
had access to sewage networks. More than half of the
participants (54.0%) stored water at home. Most of the
population (77.0%) reported knowing the main form of
transmission of arboviruses, citing the vector sting and
only 2 people mentioned the possibility of vertical or
person-to-person transmission (in the case of ZIKV).
72.8% of the participants reported knowing how to avoid
arboviruses, mainly citing the correct handling of stand-
ing water and waste. A total of 27.7% of the participants
reported that they had suffered previous dengue epi-
sodes, 22.8% chikungunya and 5.5% Zika. Moreover,
8.4% of the participants confirmed that they vaccinated
against Yellow fever (Table 1).

Seroprevalence of chikungunya infection and its
associated factors
Almost one-quarter (25.5%) of the samples were positive
for chikungunya. Of these, five (5%) were positive only
for IgM, 98 (95%) only for IgG, and five (4.8%) for both.
During the study period, 1047 suspected cases of

CHIKV were officially notified by epidemiological sur-
veillance. Based on the seroprevalence found (25.5%)
and considering the total population of Juazeiro do
Norte (271,926 inhabitants) we should have had approxi-
mately 69 thousand reported cases. Therefore, 66 times
as many cases that were caught by the health service
should have been reported.
Among the 103 participants with reactive samples,

58.3% were symptomatic (at some point during the past
3 years). Among the 92 participants who reported to
have had the disease previously, only 68.9% were con-
firmed by serology. For participants who did not report
have symptoms, 43 (14.3%) had reactive antibodies
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against the virus, and must be classified as asymptomatic
or oligosymptomatic cases.
The proportion of seropositivity was higher in males

(66.1%), mixed race (64.1%), elementary schooling
(56.4%) as the educational level, 20–45-year age group
(39.8%), and participants with family monthly income
lower than one minimum wage [(48.5%), minimum
monthly wage = R$954,00 (U$$238,50), at the time of re-
search], but a statistically significant difference was not
observed between the groups (Table 2).
After adjusting for age, the following variables were

still associated with CHIKV serological diagnosis: accu-
mulating water in drums (PR = 1.43; 95% CI: 1.02–2.01;
p = 0.034), having asthma (PR = 2.32; 95% CI: 1.31–4.11;
p = 0.004) and arthritis (PR = 1.77; 95% CI: 1.05–2.99;
p = 0.011). However, in model 2, by adding the socioeco-
nomic variables, only asthma was still associated with
CHIKV serological diagnosis (PR = 1.81; 95% CI: 1.03–
3.17; p = 0.024).

Seroprevalence of flavivirus infection and its associated
factors
More than 92% (373/404) of the samples were positive
for flavivirus, of these 370 were positive for DENV (9
IgM DENV and 370 IgG) and 216 for ZIKV (9 IgM and
216 IgG for ZIKV). None of the patient was considered
to be acute due to the absence of positivity only for IgM.
Of the people who reported the previous disease due to
some flavivirus, 28.9% reported dengue and 5.6% Zika.
The proportion of seropositivity was higher in females

(67.8%), primary education (62.7%) and family income
below one minimum wage (46.9%), but with no statisti-
cally significant difference between groups (Table 2).
Older age groups were significantly associated with pre-
vious exposure to flavivirus, this variable was more
prevalent between 20 and 45 years old (43.1%) (PR =
1.21; 95% CI: 1.01–1.44; p = 0.000), and those over 60
years old (29.8%) (PR = 1.29; 95% CI: 1.09–1.54; p =
0.000).

Seroprevalence of dengue and Zika infection and its
associated factors
Only 37,9% (153/404) of samples were classified as prob-
able dengue and 0.74% (3/404) as probable Zika. Prob-
able dengue patients were predominantly female (70%)
and 44.4% had family income below one minimum wage.
The predominant age group was between 20 and 45
years old (44.4%). 47.7% of the people classified as prob-
able dengue were illiterate with a higher prevalence of
positivity (PR = 1.92, 95% CI: 1.28–2.88, p = 0.002). Re-
tired people were also associated with greater positivity
for these cases, with a prevalence ratio 2.10 higher than
non-cases (95% CI: 1.29–3.42; p = 0.017). The other vari-
ables associated with the outcome were: having systemic

Table 1 Sociodemographic and clinical characteristics of
population in the City of Juazeiro do Norte, Brazil, 2018

Variables (N°) Total %

Sex (404)

Male 128 31.68

Female 276 68.32

Self-reported skin color (404)

White 94 23.27

Mixed race 263 65.10

Black 47 11.63

Educational level (404)

Illiterate 234 57.92

Elementary School 38 9.41

High School 112 27.72

University graduate 20 4.95

Civil status (404)

Married 184 45.54

Single 143 35.40

Widower 46 11.39

Divorced 31 7.67

Occupation/work (404)

Retired 97 24.01

Informal work 83 20.54

Unemployed 67 16.58

Housewife 65 16.09

Permanent job 56 13.86

Student 36 8.91

Family income (404)a

Below R$ 954.00 188 46.53

Between R$ 955.00 and R$ 1999.00 119 29.46

Between R$ 2000.00 and R$ 4599.00 85 21.04

R$ 5000.00 or more 06 1.49

Did not answer 06 1.49

Age group in years (404)

Below 9 03 0.74

Between 9 and 19 41 10.15

Between 20 and 45 177 43.81

Between 46 and 60 69 17.08

60 or more 114 28.22

Underlying diseases (404)

Hypertension 104 25.74

Diabetes 50 12.38

Cholesterol 47 11.63

Anxiety 20 4.95

Arthritis 18 4.46

Depression 13 3.22

Subtitle: a R$4,00 = 1 U$$;
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arterial hypertension (PR = 1.03; 95% CI: 1.01–1.06; p =
0.002) and knowing that care such as standing water and
garbage are protective factors against the proliferation of
the vector (PR = 0.92; 95% CI: 0.87–0.97; p = 0.007)
(Table 2).

Seroprevalence of arbovirus infection and its associated
factors
It is important to note that 92.82% (375/404) of the pa-
tients obtained positive serology for at least one of the
three types of virus. Of these, 63 (16,8%) patients were
IgG positive for the three viruses (DENV, ZIKV, CHIK
V), 36 patients were positive only for dengue and
chikungunya, and no patient was positive for only Zika
and chikungunya.
When corrected for age and multivariate regression,

only cholesterol was associated with seropositivity for
the presence of the three viruses (PR = 1.04; 95% CI:
1.01–1.07; p = 0.008) and having reported the presence
of previous chikungunya (PR = 1.06; 95% CI: 1.01–1.11;
p = 0.006).

Clinical manifestations of participants with any symptom
of arbovirus in the previous three years
The most prevalent symptom for CHIKV was arthralgia,
which was present in 60.2% of cases (62/103). This type
of arthralgia mainly affected the wrists (24%), fingers
(26%), knees and ankles (20%), and feet (17%); polyarti-
cular complaints were frequent (24%). The pain was
classified as severe in 59.7% of the cases reporting arth-
ralgia, and it was chronic in 41.7% of these cases (at the
time of data collection). Morning stiffness was present in
43.7% of cases, which persisted for more than 20 days.
Fever was the second most reported symptom among
the participants (56.3%) (58/103), with a mean duration
of 6.3 days (PR = 0.66; 95% CI: 0.42–1.03; p = 0.08).
After the adjustment by age, with Poisson regression, the

associated symptoms in the positive cases of chikungunya
were joint pain (PR = 4.31; 95% CI: 2.06–9.03; p < 0.001)
and back pain (PR = 0.35; 95% CI: 0.18–0.66; p < 0.001)
(Table 3).
The most prevalent symptoms for flavivirus cases by

those who previously reported any of these viruses were
fever (46.1%) with an average duration of 6 days (PR = 1.05;
95% CI: 1.00–1.11; p = 0.044), the muscle pain was present
in 41.0% of cases (PR = 1.05; 95% CI: 1.01–1.11; p = 0.033),
joint pain in 38.3% (PR = 1.06; 95% CI: 1.01–1.12; p = 0.008)
and rash in 28.41% (Table 2). Of these, the only one that
remained associated in the final explanatory model was the
presence of a rash with PR = 1.07 (95% CI: 1.02–1.13;
p = 0.003), the same with positivity for arbovirus (PR =
1.08; 95% CI: 1.01–1.14; p = 0.014). No symptoms
previously described were associated with positivity
for probable dengue.

Spatial analysis
Analysis of the nearest neighbor indicated that CHIKV-
positive serologies were grouped in space, with an index
of 0.531 (p < 0.001). Kernel analysis (Fig. 1A) showed the
central area of the city as the most affected area. Some
points were located in the peripheral areas, identifying
low-density areas in the northwest and south regions of
Juazeiro do Norte.
The distribution of the prevalence of CHIKV-positive

cases (Figs. 1 and 2B) showed that some peripheral
neighborhoods had high seroprevalence of infection,
with a percentage of cases ranging from 40 to 70%, and
others have shown a low or zero prevalence rate, show-
ing that the disease has spread heterogeneously. It is
noted a high seroprevalence of cases in the southeast re-
gion of the city in three neighborhoods and another in
the northern region in one neighborhood.
To flavivirus, the nearest neighbor analysis indicated

that positive serologies are grouped in space, with an
index of 0.275 (p < 0.001). The kernel density analysis
(Fig. 2A) showed the central area of the municipality as
the most affected. However, in all neighborhoods, posi-
tive people were found for flavivirus. Regarding the
prevalence analysis, no region had a prevalence below
40%, reaching 100% in some regions (Fig. 2B).

Discussion
To out knowledge, this is the first seroepidemiological
survey carried out in the state of Ceará, which has an
arbovirus incidence of 410,0/100,000 inhabitants [11].
We found a 25.5% positivity for CHIKV with a strong
association with the presence of arthralgia. The preva-
lence was much higher for exposure to flavivirus (90%)
probably due to the prolonged exposure of the popula-
tion to the dengue virus [1]. These findings are very dif-
ferent when compared to the numbers reported to SINA
N between the years 2016 and 2017: 1047 cases of chi-
kungunya were reported, but only 173 were laboratory
confirmed, 2135 cases of dengue with 106 confirmed
and 08 of Zika, with only 02 confirmed [11]. This rein-
forces the importance of conducting serological and lon-
gitudinal research to estimative true incidence rate.
The seroprevalence of CHIKV found in this study was

lower compared to Feira de Santana (57.1%) and higher
than the one of Riachão do Jacuípe (20%), other smaller
cities in Northeast, Brazil [20, 21]. Worldwide, a wide
range of seroprevalences after first epidemic was ob-
served between 12 and 76% [22–33]. Probably this wide
variation is associated with the local climatic differences
and the specific characteristics of the evaluated samples.
The virus has been known to circulate longer in African
and Asian countries, justifying the higher prevalence of
CHIKV-positive cases in these countries [3, 24]. In the
Americas, CHIKV was detected in late 2013 and the high
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prevalence of cases observed in some studies is due to an
appropriate climate for the presence and dispersion of the
vector and the susceptibility of people to the virus [3].
In this study, the prevalence of the people who did not

related any symptom, in the last 3 years, and was positive
to antibodies against CHIKV was less than 15%, this char-
acterizes the asymptomatic cases. Similar value was ob-
served in French Polynesia after the 2014 outbreak and
there is a large variation among reported asymptomatic
patients ranging from 4 to 82% [25]. This contradicts the
assumption that chikungunya is a disease with a consistent
clinical presentation, and the absence of symptoms may
be due to the genetic and immunological factors of the af-
fected individuals and the virus specificities [25, 26]. Fur-
thermore, it is important to emphasize that, even if the
population was previously exposed to DENV, the possibil-
ity of cross-reaction is much less, since it is an Alphavirus
and despite the enzootic transmission of the Mayaro virus
in the Brazilian Amazon, there is no presence of this
Alphavirus in the study area [27].
In Ceará state, DENV has been circulating since the

1980s [28], and a survey conducted in the city of

Fortaleza in 1998 found a prevalence of 44%. Increas-
ingly prevalence has been found over the years in large
Brazilian cities such as São Luís in the state of Maranhão
(41%), Salvador- capital of the state of Bahia (69%), in
Brasiléia and Epitacolância- cities in the state of Acre -
North region of Brazil (60.3 to 67.2%) and Recife- capital
of the state of Pernambuco (74 to 91%) [28–32].
Worldwide, extensive variations in the seroprevalence of

Flaviviruses are reported, the lowest are in African coun-
tries (between 12 and 50%) and Asia (25%). Among Latin
America countries the prevalence reaches approximately
70% [25, 33–38]. On the other hand, the prevalence of
ZIKV it is more prominent where it caused major epi-
demics, such as in French Polynesia (66%) and Yap Islands
(73%) [25, 26]. This high prevalence may be attributed to
several factors, including ineffectiveness of the Aedes
aegypti control program, population growth, greater
urbanization and climate change, environmental charac-
teristics, mobility degree, among other factors [33, 37].
This study also found a prevalence of almost 40% of

probable cases of dengue and less than 1% as probable
Zika. This low detection of isolated antibodies may be

Fig. 2 Kernel density (a) and seroprevalence (b) of chikungunya-positive (1) and flavivirus-positive (2) cases from the seroepidemiological survey
in the City of Juazeiro do Norte, Brazil, 2018
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due to cross reactions between these two viruses. There is
a lot of discussion about the cross reactions between flavi-
viruses, such as DENV, ZIKV or YFV. There are hypoth-
eses that previous infection by a flavivirus may provide
protection against subsequent infections by viruses from
the same family [14] or even generate an antibody
dependent enhancement (ADE), caused by the cross-
reaction between genetically similar viruses, such as
DENV and ZIKV [39]. Based on the ADE hypothesis, after
a previous DENV infection in an individual, a subsequent
ZIKV infection can be considered as a second infection
and lead to an elevated early IgG response against ZIKV.
This may cause a low or absent IgM ZIKV response, so
subsequent infections may be more serious due to these
past immune reactions [12, 40]. However, until now, none
of the hypotheses has been confirmed or ruled out. So, it
remains to work with the local reality, which is the prob-
ability of cross-reaction of tests based on searches for
antibodies, generating presumptive infections [38].
The low detection of ZIKV can be explained by these

mechanisms mentioned above. In Brazil and worldwide,
the detection of ZIKV has been a problem as it is difficult
to estimate the real number of people affected by the
virus, due to the similarity between the symptoms and the
possibility of cross-reaction between the tests [12].
No associations were found between positive cases for

chikungunya and factors such as sex, age, or race, a pat-
tern already suggested in other studies [21, 22]. How-
ever, the age was an important factor associated with
exposure to flavivirus and it is known as an important
characteristic related to the exposure to these diseases,
because the older the person is, the greater the probabil-
ity of being exposed to any of these viruses in their life-
time [25, 32, 34, 38]. Though, some studies have
reported that children are being exposed exposed earlier
and earlier, between 10 and 15 years old [37, 38, 41].
This may indicate how high has been the prevalence of
these diseases.
The sociodemographic variables that were associated

with a higher prevalence of probable dengue cases were
the fact of being retired and also the group of illiterate
people. These aspects are confounded, since most re-
tirees in this study were illiterate. This might happen be-
cause retirees stay longer in their homes, providing a
greater probability of exposure to the vector. Among the
possible individual and family risk factors that predict
dengue infection, low socioeconomic status is included
[27, 32, 42, 43] and less education [44, 45]. Corroborat-
ing social vulnerability as a risk factor, we found in this
study a high level of misinformation about modes of
transmission or prevention of this diseases, especially of
the Zika virus, given the low proportion of people who
claimed to recognize the possibility of its transmission
through sexual contact or vertical [46].

In relation to clinical variables, positive cases of chi-
kungunya reported a prevalence of polyarthralgia 4 times
higher than non-cases, this evidence how this symptom
has been considered as an important marker of the dis-
ease, and self-reported joint pain could be used to estab-
lish the diagnosis of the disease. Such association has
been observed in several studies, consistently confirming
arthralgia as the main symptom of CHIKV infection.
The main sites affected by arthralgia are the hands, feet,
and ankles [20, 26, 47, 48] and this arthralgia was
chronic in more than 40% of cases. The pathogenesis of
chronic chikungunya has not yet been fully elucidated.
However, there are already some factors potentially asso-
ciated with the chronic risk, such as age over 40 years,
female gender and immunological factors, such as a
higher concentration of some specific cytokines during
the acute phase [26, 47, 49, 50]. This data is important,
since the chronic pain generated by chikungunya consid-
erably reduce the quality of life of those affected, also
compromises family income and hence the local econ-
omy [20, 21]. We also found that previous arthralgia was
a factor associated with the positive cases of chikun-
gunya. This factor may be associated with a worse classi-
fication of pain during chikungunya infection and also
with chronic cases [48, 49]. Although asthma was a fac-
tor associated with positive cases of chikungunya, we
found no data to justify this association. In addition, a
recent study showed that patients who have asthma do
not show worse symptoms when infected with chikun-
gunya [51, 52].
Previous underlying diseases such as hypertension and

high cholesterol were more prevalent in people classified
as cases of flavivirus. We did not find any data in the lit-
erature to justify such an association, but this data may
be due to the high prevalence of hypertension in the
Brazilian population (around 30%) [53]. The only self-
reported symptom which remained associated with pre-
vious exposure to flavivirus was rash, which is much
more frequent in dengue and Zika cases than other ar-
boviruses such as chikungunya. Some studies have found
an association between skin rash and dengue infections
[35] and also with ZIKV infection [54].
A point to be emphasized in relation to the results is

the self-report of previous infections. 96% (108/112) of
the patients who reported having dengue had reactive
antibodies, 95.45% (21/22) of the patients who reported
having had Zika also had reactive antibodies (remember-
ing that there may be a cross-reaction between these
two viruses, so we cannot say with certainty whether it
was dengue or Zika in these cases, but the report of the
previous disease was sensitive in diagnosing the disease
for the patient). Like 69.6% (64/92) of the patients who
reported previous chikungunya, had antibodies against
CHIKV. Therefore, the referred symptoms can be used

Barreto et al. BMC Infectious Diseases          (2020) 20:881 Page 11 of 14



as sensitive markers by the population to identify these
diseases.
The spatial analysis showed that cases of chikungunya

were throughout the city, but they were observed in the
most populous regions, which is consistent with a more
recent introduction into the Americas. The same was
observed with the cases of flavivirus that spread hetero-
geneously, but were more concentrated in the central re-
gions of the city, where there is strong trade. The large
number of individuals circulating in these areas increases
population density and predisposes to a greater spread
of the disease, as the flow of individuals can serve as a
vehicle for vectors and viruses [55, 56]. A study carried
out in the city of Rio de Janeiro, a city with a high popu-
lation density, demonstrated the presence of clusters for
DENV and ZIKV, with simultaneous cases, suggesting
that exposure to flavivirus was general in the city and
and that there may be a predominance of one virus over
another [41, 57]. However, it is more likely that viruses
circulate concurrently [58].

Conclusions
The prevalence of chikungunya was 25% in the popula-
tion of Juazeiro do Norte, in 2018, with severe arthralgia
(60%) being a major factor in the recognition of the dis-
ease by patients (PR = 4.75). Such cases tend to become
chronic (40%), which negatively impacts on the patient’s
life and also the public health system. These findings of
this study indicated that the magnitude of the outbreak
of CHIKV was significantly greater (66 times) than that
reported by the health service in the City of Juazeiro do
Norte, based on the number of cases reported through
passive surveillance used in Brazil. This low herd im-
munity maintains the risk of a new chikungunya epi-
demic for the next few years. The prevalence of
exposure to flavivirus was 92%, with age being the factor
most associated with exposure to these diseases. It is im-
portant to note that the self-report of previous arbovi-
ruses obtained an important association with the
reactive cases by serology, and can be used as an import-
ant marker. The high prevalence of these viruses, espe-
cially dengue, shows that arboviruses are a problem and
means must be found for better control and classifica-
tion of cases of these diseases, since the number of re-
ported cases was much lower than that found in the
study.

Limitations of the study
The study did not use other diagnostic tests to detect
antigens such as Plaque Reduction Test to distinguish
the specificity of antibodies, therefore we cannot affirm
whether the patient was specifically exposed to DENV,
ZIKV or both and also the DENV serotypes were not
identified. In addition, there may memory bias at the

time when people were asked about previous exposures
to different viruses. Another important fact is that there
was less access to the population in neighborhoods with
higher family income than in neighborhoods with lower
family income. Therefore, low-income families may be
underrepresented. Additionally, the cross-sectional de-
sign of the study makes it difficult to accurately assess
the temporal association between this exposure and the
occurrence of infection.
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22 Negative (−) (+)

29 Positive (−) (+)

47 Negative (+) Inc

48 Positive (+) (+)

76 Negative (+) Inc
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213 Negative (+) (+)

Subtitle: (+) reactive, (−) nonreactive, Inc. Inconclusive

Barreto et al. BMC Infectious Diseases          (2020) 20:881 Page 12 of 14



Funding
This work was partially supported by the FUNCAP 01/2017-SUS/PPSUS-CE
FUNCAPSESA-Decit/SCTIE/MS-CNPq, CNPq for financing through the Call
MCTIC/CNPq 28/2018 and the Network of Clinical and Applied Research into
Chikungunya (REPLICK) through funds from the Department of Science and
Technology (DECIT). The Christus University Center (UNICHRISTUS) for its fi-
nancial support through the costing of printed materials used in research
and its scientific initiation scholarships for medical students, and the Federal
University of Ceará for the scientific initiation scholarships for medical
students.

Availability of data and materials
The data sets used and/or analyzed during the present study are available
with the corresponding author, upon reasonable request.

Ethics approval and consent to participate
The study was submitted and approved by the Human Research Ethics
Committee of the Federal University of Ceará (2.678.588/2018). All
participants agreed to participate in the research by signing the informed
consent form.

Consent for publication
Not applicable.

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

Author details
1Programa de Pós-graduação em Saúde Coletiva, Universidade Federal do
Ceará, Fortaleza, CE, Brazil. 2Programa de Pós-graduação em Patologia,
Universidade Federal do Ceará, Fortaleza, CE, Brazil. 3Faculdade de Medicina,
Centro Universitário Christus, Fortaleza, CE, Brazil. 4Laboratório Central de
Saúde Pública do Ceará, Fortaleza, CE, Brazil. 5Serviço de Verificação de
Óbitos Dr Rocha Furtado, Secretaria de Saúde do Estado do Ceará, Fortaleza,
CE, Brazil. 6Faculdade de Medicina, Universidade Federal do Ceará, Fortaleza,
CE, Brazil. 7Hospital São José de Doenças infecciosas, Fortaleza, CE, Brazil.
8Fundação Oswaldo Cruz Ceará, Eusébio, Brazil. 9Fundação Oswaldo Cruz,
Presidência da Fiocruz, Instituto de Pesquisa Clínica Evandro Chagas (INI/
Fiocruz), Rio de Janeiro, Brazil. 10Faculdade São Leopoldo Mandic, Campinas,
SP, Brazil.

Received: 17 June 2020 Accepted: 11 November 2020

References
1. Cavalcanti LPG, Barreto FKA, Barbosa RMAO, Canuto IFP, Lima AAB, Lima

JWO, et al. Thirty years of dengue in Ceará: history, contributions to science
and challengesin the current scenario with triple arbovirus circulation. J
Health Biol Sci. 2018;6(1):65–82.

2. Andrioli DC, Busato MA, Lutinski JA. Spatial and temporal distribution of
dengue in Brazil, 1990–2017. PLoS One. 2020;15(2):e0228346. https://doi.org/
10.1371/journal.pone.0228346 eCollection 2020.

3. Weaver SC, Lecuit M. Chikungunya virus and the global spread of a
mosquito-borne disease. N Engl J Med. 2015;372(13):1231–9. https://doi.org/
10.1056/NEJMra1406035.

4. BRASIL (2017). Secretaria de Vigilância em Saúde. Monitoramento dos casos
de dengue, febre de chikungunya e febre pelo vírus Zika até a Semana
Epidemiológica 52, 2016. Volume 48 n 3. Avaliable from: http://
portalarquivos.saude.gov.br/images/pdf/2017/fevereiro/05/2017_002
Dengue%20SE52_corrigido.pdf. Accessed 27 Sept 2019.

5. BRASIL (2018), Ministério da Saúde, Secretaria de Vigilância em Saúde,
Boletim Epidemiológico - Monitoramento dos casos de dengue, febre de
chikungunya e febre pelo vírus Zika até a Semana Epidemiológica 50, 2017,
Vol, 48, N° 45. Avaliable in: http://portalarquivos2.saude.gov.br/images/pdf/2
018/maio/28/2018-023.pdf: Accessed 27 Sept 2019.

6. Simião AR, Barreto FKAB, Oliveira RMAB, Cavalcanti JW, Lima Neto AS,
Barbosa RB, et al. A major chikungunya epidemic with high mortality in
northeastern Brazil. Rev Soc Bras Med Trop. 2019;52:e20190266. https://doi.
org/10.1590/0037-8682-0266-2019.

7. Grijalva I, Grajales-Muñiz C, González-Bonilla C, Borja-Aburto VH, Paredes-
Cruz M, Guerrero-Cantera J, et al. Zika and dengue but not chikungunya are

associated with Guillain-Barré syndrome in Mexico: a case-control study.
bioRxiv. 2020. https://doi.org/10.1101/2020.01.08.898403.

8. OMS. Organização Mundial de saúde, Dengue and severe dengue, Avaliable
in: https://www.who.int/news-room/fact-sheets/detail/dengue-and-severe-
dengue. Accessed 21 Nov 2019.

9. Cavalcanti LPG, Barreto, FKAB, Oliveira, RMAB, Canuto IGP, Lima AAB, Lima JWO
et al. Thirty years of dengue in Ceará: history, contributions to science and
challenges in the current scenario with triple arbovirus circulation. J Health Biol Sci
2018; 6(1):65–82. doi:https://doi.org/10.12662/2317-3076jhbs.v6i1.1415.p65-82.2018.

10. PREFEITURA JUAZEIRO DO NORTE, Aspectos gerais e história da cidade de
Juazeiro do Norte, 2019, Avaliable in: https://www.juazeiro.ce.gov.br/Cidade/
Romarias/. Accessed 12 Sept 2019.

11. BRASIL (2018), Secretaria de Saúde do Estado (Ceará), Secretaria de
Vigilância em Saúde, Boletim Epidemiológico - Monitoramento dos casos
de dengue, febre de chikungunya e febre pelo vírus Zika, Avaliable in:
https://www.saude.ce.gov.br/download/boletins/. Accessed 27 Sept 2019.

12. Gouel-Cheron A, Lumbard K, Hunsberger S, Arteaga-Cabello FJ, Beigel J,
Belaunzarán-Zamudio PF, et al. Serial real-time RT-PCR and serology
measurements substantially improve Zika and dengue virus infection
classification in a co-circulation area. Antivir Res. 2019;172:104638. https://
doi.org/10.1016/j.antiviral.2019.104638.

13. Slon Campos JL, Poggianella M, Marchese S, Mossenta M, Rana J, Arnoldi F,
et al. DNA-immunisation with dengue virus E protein domains I/II, but not
domain III, enhances Zika, West Nile and yellow fever virus infection. PLoS
One. 2017;12(7):e0181734. https://doi.org/10.1371/journal.pone.0181734.

14. De Góes Cavalcanti LP, Tauil PL, Alencar CH, Oliveira W, Teixeira MM,
Heukelbach J. Zika virus infection, associated microcephaly, and low yellow
fever vaccination coverage in Brazil: is there any causal link? J Infect Dev
Ctries. 2016;10(6):563–6. https://doi.org/10.3855/jidc.8575.

15. Proenca-Modena JL, Milanez GP, Costa ML, Judice CC, Maranhão Costa FT.
Zika virus: lessons learned in Brazil. Microbes Infect. 2018;20(11–12):661–9.
https://doi.org/10.1016/j.micinf.2018.02.008.

16. Victora CG, Huttly SR, Fuchs SC, Olinto MT. The role of conceptual
frameworks in epidemiological analysis: a hierarchical approach. Int J
Epidemiol. 1997;26(1):224–7. https://doi.org/10.1093/ije/26.1.224.

17. Kikuti M, Cunha GM, Paploski IAD, Kasper AM, Silva MMO, Tavares AS, et al.
Spatial distribution of dengue in a Brazilian urban slum setting: role of
socioeconomic gradient in disease risk. PLoS Negl Trop Dis. 2015;9(7):
e0003937. https://doi.org/10.1371/journal.pntd.0003937.

18. BRASIL (2007) Ministério da Saúde: Secretaria de Vigilância em Saúde,
Fundação Oswaldo Cruz, Introdução à Estatística Espacial para a Saúde
Pública / Ministério da Saúde, Fundação Oswaldo Cruz; Simone M, Santos,
Wayner V. Souza, organizadores, − Brasília : Ministério da Saúde, 2007, 126 p.
Avaliable in http://www.escoladesaude.pr.gov.br/arquivos/File/TEXTOS_
CURSO_VIGILANCIA/capacitacao_e_atualizacao_em_geoprocessamento_
em_saude_3.pdf. Accessed 16 Aug 2019.

19. Santos SM, Souza WV. Introdução à Estatística Espacial Para a Saúde Pública.
Brasília: Ministério da Saúde; 2007. p. 120. ISBN 978-85-334-1427-3.

20. Cunha RV, Trinta KS, Montalbano CA, Sucupira MV, de Lima MM, Marques E,
et al. Seroprevalence of chikungunya virus in a rural community in Brazil.
Version 2. PLoS Negl Trop Dis. 2017;11:e0005319. https://doi.org/10.1371/
journal.pntd.0005319.

21. Dias JP, Costa MN, Campos G, Paixão ES, Natividade MS, Barreto FR, et al.
Seroprevalence of Chikungunya virus after its emergence in Brazil. Emerg
Infect Dis. 2018;24(4):617–24. https://doi.org/10.3201/eid2404.171370.

22. Sergon K, Njuguna C, Kalani R, Ofula V, Onyango C, Konongoi LS, et al.
Seroprevalence of Chikungunya virus (CHIKV) infection on Lamu Island,
Kenya, October 2004. Am J Trop Med Hyg. 2008;78(2):333–7.

23. Moro ML, Gagliotti C, Silvi G, Angelini R, Sambri V, Rezza G, et al.
Chikungunya virus in North-Eastern Italy: a seroprevalence survey. Am J
Trop Med Hyg. 2010;82:508–11. https://doi.org/10.4269/ajtmh.2010.09-0322.

24. Mason PJ, Haddow AJ. An epidemic of virus disease in Southern Province,
Tanganyika territory, in 1952-53; an additional note on Chikungunya virus
isolations and serum antibodies. Trans R Soc Trop Med Hyg. 1957;51(3):238–40.

25. Fritzell C, Rousset D, Adde A, Kazanji M, Van Kerkhove MD, Flamand C.
Current challenges and implications for dengue, chikungunya and Zika
seroprevalence studies worldwide: a scoping review. PLoS Negl Trop Dis.
2018;12(7):e0006533. https://doi.org/10.1371/journal.pntd.0006533.

26. Suhrbier A. Rheumatic manifestations of chikungunya: emerging concepts
and interventions. Nat Rev Rheumatol. 2019;15(10):597–611. https://doi.org/
10.1038/s41584-019-0276-9.

Barreto et al. BMC Infectious Diseases          (2020) 20:881 Page 13 of 14

https://doi.org/10.1371/journal.pone.0228346
https://doi.org/10.1371/journal.pone.0228346
https://doi.org/10.1056/NEJMra1406035
https://doi.org/10.1056/NEJMra1406035
http://portalarquivos.saude.gov.br/images/pdf/2017/fevereiro/05/2017_002Dengue%20SE52_corrigido.pdf
http://portalarquivos.saude.gov.br/images/pdf/2017/fevereiro/05/2017_002Dengue%20SE52_corrigido.pdf
http://portalarquivos.saude.gov.br/images/pdf/2017/fevereiro/05/2017_002Dengue%20SE52_corrigido.pdf
http://portalarquivos2.saude.gov.br/images/pdf/2018/maio/28/2018-023.pdf
http://portalarquivos2.saude.gov.br/images/pdf/2018/maio/28/2018-023.pdf
https://doi.org/10.1590/0037-8682-0266-2019
https://doi.org/10.1590/0037-8682-0266-2019
https://doi.org/10.1101/2020.01.08.898403
https://www.who.int/news-room/fact-sheets/detail/dengue-and-severe-dengue
https://www.who.int/news-room/fact-sheets/detail/dengue-and-severe-dengue
https://doi.org/10.12662/2317-3076jhbs.v6i1.1415.p65-82.2018
https://www.juazeiro.ce.gov.br/Cidade/Romarias/
https://www.juazeiro.ce.gov.br/Cidade/Romarias/
https://www.saude.ce.gov.br/download/boletins/
https://doi.org/10.1016/j.antiviral.2019.104638
https://doi.org/10.1016/j.antiviral.2019.104638
https://doi.org/10.1371/journal.pone.0181734
https://doi.org/10.3855/jidc.8575
https://doi.org/10.1016/j.micinf.2018.02.008
https://doi.org/10.1093/ije/26.1.224
https://doi.org/10.1371/journal.pntd.0003937
http://www.escoladesaude.pr.gov.br/arquivos/File/TEXTOS_CURSO_VIGILANCIA/capacitacao_e_atualizacao_em_geoprocessamento_em_saude_3.pdf
http://www.escoladesaude.pr.gov.br/arquivos/File/TEXTOS_CURSO_VIGILANCIA/capacitacao_e_atualizacao_em_geoprocessamento_em_saude_3.pdf
http://www.escoladesaude.pr.gov.br/arquivos/File/TEXTOS_CURSO_VIGILANCIA/capacitacao_e_atualizacao_em_geoprocessamento_em_saude_3.pdf
https://doi.org/10.1371/journal.pntd.0005319
https://doi.org/10.1371/journal.pntd.0005319
https://doi.org/10.3201/eid2404.171370
https://doi.org/10.4269/ajtmh.2010.09-0322
https://doi.org/10.1371/journal.pntd.0006533
https://doi.org/10.1038/s41584-019-0276-9
https://doi.org/10.1038/s41584-019-0276-9


27. Lorenz C, Ribeiro AF, Chiaravalloti-Neto F. Mayaro virus distribution in South
America. Acta Trop. 2019;198:1050933. https://doi.org/10.1016/j.actatropica.
2019.105093.

28. Vasconcelos PFC, Lima JWO, Rosa APAT, Timbó MJ, Rosa EST, Lima HR, et al.
Epidemia de dengue em Fortaleza, Ceará: inquérito soroepidemiológico
aleatório. Rev Saúde Pública. 1998;32(5):447 -54, 1998.

29. Vasconcelos PFC, Lima JWO, Raposo ML, Rodrigues SG, Rosa JFSR, Amorim
SMC, et al. Inquérito soroepidemiológico na Ilha de São Luis durante epidemia
de dengue no Maranhão. Rev Soc Bras Med Trop. 1999;32(2):171–9.

30. Teixeira MG, Barreto ML, Costa MCN, Ferreira LDA, Vasconcelos P. Dinâmica
de circulação do vírus da dengue em uma área metropolitana do Brasil.
Epidemiol Serv Saude. 2003;12(2):87–97.

31. Guimarães MA, PFC V, MRT N, Rodrigues SG, Tanajura D, Tavares-Neto J,
et al. Inquérito soroepidemiológico de dengue em dois municípios do
Estado do Acre, fronteira Brasil – Bolívia. R Ci Méd Biol. 2006;5(1):13–20.

32. Braga C, Luna CF, Martelli CM, de Souza WV, Cordeiro MT, Alexander N,
et al. Seroprevalence and risk factors for dengue infection in socio-
economically distinct areas of Recife, Brazil. Acta Trop. 2010;113(3):234–40.
https://doi.org/10.1016/j.actatropica.2009.10.021.

33. Chepkorir E, Tchouassi DP, Konongoi SL, Lutomiah J, Tigoi JC, Irura Z, et al.
Serological evidence of Flavivirus circulation in human populations in
Northern Kenya: an assessment of disease risk 2016–2017. Virol J. 2019;
16(65). https://doi.org/10.1186/s12985-019-1176-y.

34. Obaidat MM, Roessb AS. First report on seroprevalence and risk factors of
dengue virus in Jordan. RSTMH. 2018;112(6):279–84. https://doi.org/10.1093/
trstmh/try055.

35. Al-Raddadi R, Alwafi O, Shabouni O, Akbar N, Alkhalawi M, Ibrahim A, et al.
Seroprevalence of dengue fever and the associated sociodemographic,
clinical, and environmental factors in Makkah, Madinah, Jeddah, and Jizan,
Kingdom of Saudi Arabia. Acta Trop. 2019;189:54–64. https://doi.org/10.
1016/j.actatropica.2018.09.009.

36. Sawadogo S, Baguiya A, Yougbare F, Bicaba BW, Nebie K, Millogo T, et al.
Seroprevalence and factors associated with IgG anti-DENV positivity in
blood donors in Burkina Faso during the 2016 dengue outbreak and
implications for blood supply. Transfus Med. 2019;30(1):37–45. https://doi.
org/10.1111/tme.12646.

37. Dayan G, Arredondo JL, Carrasquilla G, Deseda CC, Dietze R, Luz K, et al.
Prospective cohort study with active surveillance for fever in four dengue
endemic countries in Latin America. Am J Trop Med Hyg. 2015;93(1):18–23.
https://doi.org/10.4269/ajtmh.13-0663 Epub 2015 May 26.

38. Proesmans S, Katshongo F, Milambu J, Fungula B, Muhindo Mavoko H,
Ahuka-Mundeke S, et al. Dengue and chikungunya among outpatients with
acute undifferentiated fever in Kinshasa, Democratic Republic of Congo: a
crosssectional study. PLoS Negl Trop Dis. 2019;13(9):e0007047. https://doi.
org/10.1371/journal.pntd.0007047.

39. Castanha PMS, Nascimento EJM, Braga C, et al. Dengue virus-specific
antibodies enhance Brazilian Zika virus infection. J Infect Dis. 2017;215(5):
781–5. https://doi.org/10.1093/infdis/jiw638.

40. Aubry M, Teissier A, Huart M, Merceron S, Vanhomwegen J, Roche C, et al.
Zika virus Seroprevalence, French Polynesia, 2014-2015. Emerg Infect Dis.
2017;23(4):669–72. https://doi.org/10.3201/eid2304.161549.

41. Ahmed S, Ali SR, Tabassum F. Seroprevalence of Dengue Virus IgG among
Children 1–15 Years selected from an Urban Population in Karachi, Pakistan:
Population Based Study. Open J Pediatr. 2015;5(2):128–33. https://doi.org/10.
4236/ojped.2015.52019.

42. Siqueira JB, Martelli CM, Maciel IJ, Oliveira RM, Ribeiro MG, Amorim FP, et al.
Household survey of dengue infection in Central Brazil: spatial point pattern
analysis and risk factors assessment. Am J Trop Med Hyg. 2004;71(5):646–51.

43. Heukelbach J, de Oliveira FA, Kerr-Pontes LR, Feldmeier H. Risk factors
associated with an outbreak of dengue fever in a favela in Fortaleza, north-
East Brazil. Tropical Med Int Health. 2001;6(8):635–42.

44. Teixeira MG, Barreto ML, Costa Mda C, Ferreira LD, Vasconcelos PF,
Cairncross S. Dynamics of dengue virus circulation: a silent epidemic in a
complex urban area. Tropical Med Int Health. 2002;7(9):757–62.

45. da Silva-Nunes M, de Souza VA, Pannuti CS, Sperança MA, Terzian AC,
Nogueira ML, et al. Risk factors for dengue virus infection in rural Amazonia:
population-based cross-sectional surveys. Am J Trop Med Hyg. 2008;79(4):
485–94.

46. de Souza CHM, Pereira GL, de Oliveira GLB, Araújo LMN, Lopes MS, Sugita
DM, Moura LR. Percepção da População de Anápolis, Goiás sobre Dengue,

Zika e Chikungunya. REAS. 2017;11(4):e274. https://doi.org/10.25248/reas.
e274.2019\.

47. Rodríguez-Barraquer I, Solomon SS, Kuganantham P, Srikrishnan AK,
Vasudevan CK, Iqbal SH, et al. The hidden burden of dengue and
Chikungunya in Chennai, India. PLoS Negl Trop Dis. 2015;9(7):e0003906.
https://doi.org/10.1371/journal.pntd.0003906.

48. Murillo-Zamora E, Mendoza-Cano O, Trujillo-Hernández B, Sánchez-Piña RA,
Higareda-Almaraz E, Higareda-Almaraz MA, et al. Persistent arthralgia and
related risks factors: a cohort study at 12 months from laboratory-confirmed
Chikungunya infection. Arch Med Res. 2018;49(1):65–73. https://doi.org/10.
1016/j.arcmed.2018.04.008.

49. Van Aalst M, Nelen CM, Goorhuis A, Stijnis C, Grobusch MP. Long-term
sequelae of chikungunya virus disease: a systematic review. Med Infect Dis.
2017;15:8–22. https://doi.org/10.1016/j.tmaid.2017.01.004.

50. Javelle E, Ribera A, Degasne I, Marimoutou C, Simon F. Clinical spectrum of
post-chikungunya rheumatic musculoskeletal disorders and use of disease-
modifying antirheumatic drugs to treat the chronic inflammatory entities: 6-
year experience from Reunion Island. BMC Infect Dis. 2014;14:O20.

51. Badawi A, Ryoo SG, Vasileva D, Yaghoubi S. Prevalence of chronic
comorbidities in Chikungunya: a systematic review and meta-analysis. Int J
Infect Dis. 2018;67:107–13. https://doi.org/10.1016/j.ijid.2017.12.018 Epub
2017 Dec 20.

52. Paganin F, Tasset C, Poubeau P, Cochet V, Borgherini G. Acute chikungunya
virus infection and asthma. Eur Resp Journ. 2010;35:1407–9. https://doi.org/
10.1183/09031936.00172909.

53. Brasil. Ministério da Saúde. Secretaria de Atenção à Saúde. Departamento
de Atenção Básica. Estratégias para o cuidado da pessoa com doença
crônica: hipertensão arterial sistêmica / Ministério da Saúde, Secretaria de
Atenção à Saúde, Departamento de Atenção Básica. Brasília: Ministério da
Saúde; 2013.

54. Rodriguez-Barraquer I, Costa F, Nascimento EJM, Júnior NN, PMS C,
Sacramento GA, et al. Impact of preexisting dengue immunity on Zika virus
emergence in a dengue endemic region. Science. 2019;363(6427):607–10.
https://doi.org/10.1126/science.aav6618.

55. Mendonca FA, Souza AV, Dutra DA. Saúde pública, urbanização e dengue
no Brasil. Soc Nat. 2009;21(3):257–69. https://doi.org/10.1590/S1982-
45132009000300003.

56. Gould E, Pettersson J, Higgs S, Charrel R, Lamballerie X. Emerging
arboviruses: why today? One Health. 2017;4:1–13. https://doi.org/10.1016/j.
onehlt.2017.06.001.

57. Freitas LP, Cruz OG, Lowe R, Sá Carvalho M. Space–time dynamics of a triple
epidemic: dengue, chikungunya and Zika clusters in the city of Rio de
Janeiro. Proc R Soc B. 2019;286:20191867. https://doi.org/10.1098/rspb.2019.
1867.

58. Furuya-Kanamori LS, Milinovich G, Magalhaes RJM, Clements ACA, et al. Co-
distribution and co-infection of chikungunya and dengue viroses. BMC
Infect Dis. 2016;16:84. https://doi.org/10.1186/s12879-016-1417-2.

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

Barreto et al. BMC Infectious Diseases          (2020) 20:881 Page 14 of 14

https://doi.org/10.1016/j.actatropica.2019.105093
https://doi.org/10.1016/j.actatropica.2019.105093
https://doi.org/10.1016/j.actatropica.2009.10.021
https://doi.org/10.1186/s12985-019-1176-y
https://doi.org/10.1093/trstmh/try055
https://doi.org/10.1093/trstmh/try055
https://doi.org/10.1016/j.actatropica.2018.09.009
https://doi.org/10.1016/j.actatropica.2018.09.009
https://doi.org/10.1111/tme.12646
https://doi.org/10.1111/tme.12646
https://doi.org/10.4269/ajtmh.13-0663
https://doi.org/10.1371/journal.pntd.0007047
https://doi.org/10.1371/journal.pntd.0007047
https://doi.org/10.1093/infdis/jiw638
https://doi.org/10.3201/eid2304.161549
https://doi.org/10.4236/ojped.2015.52019
https://doi.org/10.4236/ojped.2015.52019
https://doi.org/10.1371/journal.pntd.0003906
https://doi.org/10.1016/j.arcmed.2018.04.008
https://doi.org/10.1016/j.arcmed.2018.04.008
https://doi.org/10.1016/j.tmaid.2017.01.004
https://doi.org/10.1016/j.ijid.2017.12.018
https://doi.org/10.1183/09031936.00172909
https://doi.org/10.1183/09031936.00172909
https://doi.org/10.1126/science.aav6618
https://doi.org/10.1590/S1982-45132009000300003
https://doi.org/10.1590/S1982-45132009000300003
https://doi.org/10.1016/j.onehlt.2017.06.001
https://doi.org/10.1016/j.onehlt.2017.06.001
https://doi.org/10.1098/rspb.2019.1867
https://doi.org/10.1098/rspb.2019.1867
https://doi.org/10.1186/s12879-016-1417-2

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Design and study site
	Sampling for data collection
	Household visit procedures
	Laboratory diagnosis
	Case definition and symptomatic individuals
	Data analysis
	Spatial analysis

	Results
	Characteristics of the population
	Seroprevalence of chikungunya infection and its associated factors
	Seroprevalence of flavivirus infection and its associated factors
	Seroprevalence of dengue and Zika infection and its associated factors
	Seroprevalence of arbovirus infection and its associated factors
	Clinical manifestations of participants with any symptom of arbovirus in the previous three years
	Spatial analysis

	Discussion
	Conclusions
	Limitations of the study
	Abbreviations

	Acknowledgments
	Authors’ contributions
	Appendix
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

