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Follow-Up Household Serosurvey in Northeast Brazil for
Zika Virus: Sexual Contacts of Index Patients Have the
Highest Risk for Seropositivity

Tereza Magalhaes,' Clarice N. L. Morais,” Iracema J. A. A. Jacques,’ Elisa A. N. Azevedo,? Ana M. Brito,® Priscilla V. Lima,2 Gabriella M. M. Carvalho,?
Andreza R. S. Lima,” Priscila M. S. Castanha,*® Marli T. Cordeiro,” Andre L. S. Oliveira,’ Thomas Jaenisch,”®® Molly M. Lamb,”® Eresto T. A. Marques,* and
Brian D. Foy'

'Arthropod-borne and Infectious Diseases Laboratory, Department of Microbiology, Pathology and Immunology, Colorado State University, Fort Collins, Colorado, USA, “Department of Virology,
Aggeu Magalhaes Institute, Oswaldo Cruz Foundation, Recife, Brazil, *Department of Collective Health, Aggeu Magalhaes Institute, Oswaldo Cruz Foundation, Recife, Brazil, “Infectious Disease
and Microbiology Department, University of Pittsburgh, Pittsburgh, Pennsylvania, USA, *Faculty of Medical Science, University of Pernambuco, Recife, Brazil, ®Statistics and Geoprocessing
Laboratory, Aggeu Magalhaes Institute, Oswaldo Cruz Foundation, Recife, Brazil, ’Center for Global Health, University of Colorado School of Public Health, Aurora, Colorado, USA, ®Department of
Epidemiology, University of Colorado School of Public Health, Aurora, Colorado, USA, *Heidelberg Institute of Global Health, Heidelberg University Hospital, Heidelberg, Germany

Background. Zika virus (ZIKV) is a mosquito-borne virus that is also transmitted sexually; however, the epidemiological rele-
vance of ZIKV sexual transmission in endemic regions is unclear.

Methods. We performed a household-based serosurvey in Northeast Brazil to evaluate the differential exposure to ZIKV and
chikungunya virus (CHIKV) among households. Individuals who participated in our previous arboviral disease cohort (indexes)
were recontacted and enrolled, and their household members were newly enrolled.

Results.
was significantly higher, whereas this was not observed among nonsexual partners of the index. For CHIKYV, both sexual and non-

The relative risk of sexual partners being ZIKV-seropositive when living with a ZIKV-seropositive index participant

sexual partner household members living with a CHIKV-seropositive index had a significantly higher risk of being seropositive. In
the nonindex-based dyadic and generalized linear mixed model analyses, the odds of sexual dyads having a concordant ZIKV plaque
reduction neutralization test result was significantly higher. We have also analyzed retrospective clinical data according to the parti-

cipants’ exposure to ZIKV and CHIKV.
Conclusions.

Our data suggest that ZIKV sexual transmission may be a key factor for the high ZIKV seroprevalence among

households in endemic areas and raises important questions about differential disease from the 2 modes of transmission.
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Endemic transmission of arthropod-borne viruses (arbo-
viruses) is established when the compatible vectors, viruses,
and hosts occur in sympatry and under sustained suitable en-
vironmental and ecological conditions. The 4 dengue virus
serotypes (DENV1-4), Zika virus (ZIKV), and chikungunya
virus (CHIKV) circulate and are coendemic in many periurban
and urban regions of the tropics, where they are transmitted
by Aedes spp, most notably Aedes aegypti. Several studies show
that clustered transmission of arboviruses by A aegypti occurs
at a household level [1-5]. This is because once this endophilic
and anthropophagic mosquito is settled within a microenvi-
ronment (eg, household), it does not need to fly long distances
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(>100 meters) to blood feed or lay eggs [2]. However, each of
these arboviruses has unique features that impact transmis-
sion dynamics and disease epidemiology in unclear ways. Zika
virus stands out because it is transmitted by mosquitoes as well
as sexually and vertically (from mother to fetus) [6, 7]. These
different modes of transmission may dictate the course of in-
fection and disease presentation in humans. For instance, ver-
tical transmission can lead to serious neurological sequelae in
fetuses, termed congenital Zika syndrome, which includes mi-
crocephaly [8]. However, the impact of sexual transmission in
disease presentation is unclear, as is its relevance in endemic
transmission dynamics.

In 2007, ZIKV spread out of Africa and Asia, where it had
been circulating for decades, to the Pacific region [9, 10]. In
2013-2014, the virus was introduced in the Americas, where it
rapidly disseminated, causing a pandemic [11, 12]. High ZIKV
seroprevalence (up to 73%) has been observed in places af-
fected by the pandemic ZIKV strain [13-16]. The fast spread of
the virus during the pandemic and the high ZIKV seropreva-
lence contradicts data showing the relatively poor efficiency of
ZIKV transmission by A aegypti from the Americas. First, ZIKV
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viremia in natural human infections is low relative to CHIKV
and DENV [17-20], and titer is a key variable in mosquito in-
fection efficiency [21-24]. Second, gold-standard experiments
using sympatric mosquito and virus strains show variable but
mostly low vector competence for ZIKV [21, 22, 25-27]. A pos-
sible contributing factor to the virus’ rapid and efficient dissem-
ination is sexual transmission; however, assessing the relative
importance of this mode of transmission in places where mos-
quito transmission also occurs is challenging because of the dif-
ficulty in identifying the source of infection (mosquito vs sexual)
in people. Several human cohort projects were designed to con-
duct a more thorough assessment on the role of ZIKV sexual
transmission in endemic areas [28, 29], but data from many of
these studies have been limited due to the very low ZIKV trans-
mission that followed the pandemic [30]. Most human data
so far have come from case reports and observational studies
from travelers arriving from endemic countries to nonendemic
areas where mosquito-borne transmission is implausible [6, 7].
Nevertheless, recent data from a prospective household-based
Zika cohort in Puerto Rico showed that sexual partners living
with ZIKV RNA-positive index participants had higher odds
of also being acutely infected by ZIKV than nonsexual partner
residents [31], indicating an important epidemiological role of
ZIKV sexual transmission in endemic regions.

Northeast (NE) Brazil is endemic for DENV, ZIKV, and
CHIKV [32, 33]. In Pernambuco State (PE), our group char-
acterized the end of a ZIKV outbreak immediately followed
by a CHIKV outbreak in a municipality within the Recife
Metropolitan Region [34, 35]. Among the 263 participants pre-
senting with arboviral disease symptoms, 60% were acutely
infected with ZIKV or CHIKV. In 2017, 2 years after the out-
breaks, we rerecruited many of the same participants of our
previous cohort and newly enrolled their household mem-
bers to assess ZIKV and CHIKV seroprevalence at the house-
hold level. We then compared the seropositivity to ZIKV and
CHIKV among sex partner and nonsex partner household
members to evaluate the differential risk of being seropositive
for the viruses. The inclusion of the chikungunya group was an
important control in our study because CHIKV is transmitted
by the same household-biting, urban Aedes spp mosquitoes, but
it is not transmitted through sex. We also assessed retrospec-
tive clinical data from all participants. Our data raise critical
questions about ZIKV transmission in endemic regions and
about differential clinical disease from mosquito versus sexual
transmission.

METHODS

Cohort Recruitment

Participants from our previous arboviral disease cohort in
Paulista, PE, NE Brazil, who had presented with symptoms
and a suspected infection with DENV, ZIKV, or CHIKV in
2015-2016 [34], were recontacted and recruited in the current

study and were considered the index participants (regardless of
their arbovirus infection status in the previous study). In ad-
dition, the household members of the index were newly en-
rolled, including up to 2 nonsexual partner household members
(NSP-HM) and a sexual partner household member (SP-HM),
when these were available. Enrollment occurred from April to
November 2017 and all participants were >5 and <80 years
of age. Retrospective clinical data and blood samples were
obtained by trained nurses through residential visits. Informed
consent and assent (individuals 12-17 years) to participate was
obtained from the participants or their legal representatives.
This research protocol was approved by the Aggeu Magalhaes
Institute (no. 63441516.6.0000.5190) and Colorado State Unive
rsity (no. 16-6579HH) Institutional Board Reviews.

Zika Virus and Chikungunya Virus Serological Assays and Analyses
Total anti-ZIKV or anti-CHIKV IgG were measured with
the EUROIMMUN ELISA kits (catalog no. EI 2668-9601 G
for ZIKV and EI 293a-9601 G for CHIKV), following the
manufacturer’s instructions. Zika virus neutralizing antibodies
(nAbs) were titrated by plaque reduction neutralization tests
(PRNTs) as previously described, using Vero cells and ZIKV
strain BR-PE243/2015 [34, 36]. Antibody titers resulting in a
50% plaque reduction (PRNT, ) were estimated using a 4-pa-
rameter nonlinear regression. The PRNT,  titers >100 were
considered positive. The proportion of seropositive samples
with the respective 95% confidence interval was calculated for
each assay through a modified Wald method. These results were
also stratified by sex and age. Retrospective clinical data were
analyzed with the participants’ combined ZIKV (PRNT, ) and
CHIKV (immunoglobulin IgG) serology. The ZIKV/CHIKV
serological groups were as follows: ZIKV*/CHIKV®, ZIKV™/
CHIKV", ZIKV /CHIKV", and ZIKV /CHIKV .

The statistical tests described in this section were performed
in GraphPad Prism 8.3.1. All serological assays were performed
blinded by the responsible researcher.

Spatial Distribution of Households With the Relative Percentage of
Seropositivity for Zika Virus and Chikungunya Virus

The addresses of participants were georeferenced and super-
imposed in the Paulista-PE map, which was acquired from the
Brazilian Institute of Geography and Statistics. The relative per-
centage of people within each household who were positive for
each virus was calculated and represented by proportional sym-
bols associated with the addresses, by following previously re-
ported methodologies [37, 38].

Relative Risk and Dyadic Analyses With Zika Virus and Chikungunya Virus
Serological Data

The relative risk (RR) of nonindex household members being
seropositive for ZIKV or CHIKV based on the index’s serolog-
ical status for the respective virus was calculated by inputting
the serological results in contingency tables on GraphPad Prism
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8.3.1. Living with an index participant who was seropositive
for ZIKV or CHIKV was considered the “exposure” and being
seropositive for ZIKV or CHIKV was considered the “out-
come.” Significance was calculated through Fisher’s exact test
and P < .05 were considered significant. For both ZIKV and
CHIKYV serological data, contingency tables were constructed
with the results from the overall study population or from the
NSP-HM and SP-HM subgroups. A subanalysis was also done
with participants >18 years old. Data from ZIKV PRNTs and
enzyme-linked immunosorbent assays (ELISAs) were analyzed
independently.

Dyadic analyses were performed with the serological data
from each test, using the nonsexual or sexual relationship be-
tween any participant pair within a household, where each
pair was determined as a dyad (thus, this type of analysis was
nonindex based). First, the number of concordant serological
results, whether positive or negative (+/+ or —/-), and dis-
cordant serological results (+/— or —/+) among nonsexual and
sexual dyads were plotted in contingency tables to calculate the
RR of having a concordant serological result and being part of
a sexual dyad. A second analysis was then performed with the
number of nonsexual and sexual dyads with both members
having a positive serological result (+/+) and those having any
other serological results (-=/—, +/—, or —/+) among the house-
holds to calculate the RR of having a positive result and being
part of a sexual dyad. In both cases, a subanalysis was per-
formed with participants >18 years old. Because the number
of participants per group was low in several cases, limiting the
power of statistical analyses, P < .1 were considered marginally
significant, whereas P < .05 were considered significant. Both
the RR and dyadic analyses were performed in SAS 9.4. All ana-
lyses in the current study were performed with new serological
assays from 2017 blood collections, even in the case of the index
participants.

Generalized Linear Mixed Model With Zika Virus and Chikungunya Virus
Serological Data

To account for the correlations between members of a house-
hold, dyadic outcomes were examined in generalized linear mixed
models (GLMMs) with a nested covariance structure (dyads
nested within households). Two separate models for each serolog-
ical test were conducted to assess the association between sexual
relationship and serological status to ZIKV or CHIKV. The first
model assessed the association between sexual relationship and
dyad serological concordance, whether positive or negative (+/+
or —/—), compared with discordant dyad serological status (+/— or
—/+). The second model assessed the association between sexual
relationship and both dyad members having a positive serological
result (+/4) compared with all other serological outcomes (—/—,
+/—, or —/+) between the dyad members. A subanalysis was per-
formed with participants >18 years old. Odds ratios were calcu-
lated using the GLIMMIX procedure in SAS 9.4.

Retrospective Clinical Questionnaire

A clinical questionnaire was administered to participants
through an interview to gather information on demographic
data, arboviral disease history, occurrence of atypical symptoms,
and pregnancy history. Data were first collected in the residences
by the nurses, who filled the questionnaires by hand, and then
entered into a REDCap electronic data capture tool hosted at the
Heidelberg University Hospital [39]. Assessment of arboviral
disease history was initiated with a question of whether the in-
dividual had been ill with dengue, Zika, or chikungunya in the
previous 2 years, followed by questions on the symptoms he/
she presented with when the response was positive (regardless
of whether the participant went to a health clinic). The purpose
was to determine whether ZIKV- or CHIKV-seropositive indi-
viduals recalled having had disease. Arboviral disease history
was only assessed among nonindex participants because the
index attended a local health unit in 2015-2016 when having
symptoms suggestive of an arboviral infection. The sexual re-
lationship of any participant pair living in a household was as-
sessed by asking the individuals what type of relationship they
had with the other household members (parent, daughter/son,
sibling, husband/wife, boyfriend/girlfriend, other) and whether
there was sexual contact between them.

Clinical data comparisons were performed among the 4
ZIKV/CHIKYV serological groups described above. The differ-
ences between proportions was analyzed by Fisher’s exact test
on GraphPad Prism 8.3.1. P < .1 were considered marginally
significant, and P < .05 were considered significant.

RESULTS

Cohort Recruitment

From April to December 2017, 425 participants were enrolled in
the current study, including 174 index (individuals who partici-
pated in our previous cohort), 165 index-associated NSP-HM
and 86 index-associated SP-HM. The numbers of nonsexual
and sexual dyads within households were 286 and 100, respec-
tively. The percentages of houses having 1-4 enrolled parti-
cipants are presented in Figure 1. The proportion of enrolled
females and males and within age groups can be seen in Table 1.

Zika Virus and Chikungunya Virus Seropositivity Rates

The percentage of positive samples for ZIKV and CHIKV IgG
in the overall study population was 80% and 52%, respectively.
Twenty-one samples (5%) gave an inconclusive result in the
ZIKV IgG ELISA, whereas only 1 sample (0.24%) tested incon-
clusive in the CHIKV IgG ELISA. In the ZIKV PRNT, , 66% of
the study population tested positive. The percentage of females
and males positive for ZIKV IgG and ZIKV PRNT, was sim-
ilar, whereas a marginally higher number of males were positive
for CHIKV IgG when compared with females. Overall, most
adult age groupings had significantly higher seropositivity for
ZIKV (through ELISA or PRNT, ) than for CHIKV (Table 1).
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The demographics of the 4 ZIKV/CHIKYV serological groups is
shown in Supplementary Table S1.

The agreement between ZIKV IgG and PRNT, results was
75.6% (298 of 394). Most of the discordant results consisted
of samples that were positive for ZIKV IgG and negative for
ZIKV PRNT, (Supplementary Table S2). Because the ZIKV
IgG assay data are likely to be inflated by cross-reactive anti-
DENV IgG in our study population, the ZIKV/CHIKYV se-
rological groups used to evaluate the retrospective clinical
data were determined with ZIKV PRNT, and CHIKV IgG
data only.

Relative Percentage of Zika Virus and Chikungunya Virus Seropositivity
in Households

The relative proportion of people positive for ZIKV in house-
holds was higher than for CHIKV (P < .005) (Figure 2). Less

Table 1. Demographics of Enrolled Participants and Positive Rates of Zika Virus and Chikungunya Virus Serology

Total Participants

%

Positive for ZIKV IgG (ELISA)

% [95% Cl]

Positive for ZIKV nAbs (PRNT,)

Positive for CHIKV IgG (ELISA)

% [95% Cl]

% [95% Cl]

Category N/Total N/Total N/Total N/Total
Gender
Female 55.1 81.2 [76.2-86.4] 65.2 [68.8-71.1] 479 [41.6-54.3]4
234/425 180/220 150/230 112/234
Male 45.9 79.0 [72.5-84.3] 66.3 [69.2-72.8] 572 [60.1-64.1]t
191/425 143/181 122/184 107/187
Total 100.0 80.6 [76.4-84.1]a 65.7 [61.0-70.1]a 52.0 [47.3-56.8]V
425/425 323/401 272/414 219/421
Age Group
5-11 8.5 58.3 [42.2-72.9] 60.0 [43.5-74.5] 45.7 [30.5-61.8]
36/425 21/36 21/35 16/35
12-17 8.2 78.1[61.0-89.3] 66.7 [49.5-80.3] 64.7 [47.9-78.6]
35/425 25/32 22/33 22/34
18-24 9.4 79.0 [63.4-89.2]a 73.7 [57.8-85.2]a 46.2 [31.6-61.4]v
40/425 30/38 28/38 18/39
25-34 22.6 81.1[71.7-88.0]a 65.3 [55.3-74.1]a 45.8 [36.2-55.8]v
96/425 73/90 62/95 44/96
35-44 22.3 82.4 [73.2-89.0]a 59.3 [49.1-68.9] 54.7 [44.7-64.4]v
95/425 75/91 54/91 52/95
45-54 14.1 81.5 [69.0-89.8]a 66.1 [563.3-76.9] 57.6 [44.9-69.4]v
60/425 44/54 39/59 34/59
55-64 10.4 88.1[74.5-95.3]a 68.2 [63.4-80.1]a 43.2 [29.7-57.8]v
44/425 37/42 30/44 19/44
65-74 &l 100.0 [71.8-100.0]A 76.9 [49.1-92.5] 69.2 [42.0-87.7]v
13/425 12/12 10/13 9/13
75-80 1.4 100.0 [55.7-100.0] 100.0 [565.7-100.0] 83.3 [41.8-98.9]
6/425 6/6 6/6 5/6

Values significantly or marginally different are indicated in bold.

Abbreviations: Cl, confidence interval; CHIKV, chikungunya virus; ELISA, enzyme-linked immunosorbent assay; IgG, immunoglobulin G; nAbs, neutralizing antibodies; PRNT,, plaque reduc-

tion neutralization test resulting in 50% plaque reduction; ZIKV, Zika virus.

“Percent (%) and Cl were calculated from the total number of samples resulting in a positive or negative ZIKV or CHIKV serological result (inconclusive results were excluded from the anal-

ysis) within the respective group (eg, females, males or total; individual age groups).

A vs V¥ Significantly or A vs V marginally different between serology groups (row data). t vs I Marginally different between females vs males (column data). Significantly different: P < .05;

marginally different P < .1. The proportions and the respective 95% Cls were calculated through a modified Wald method.
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than 10% of the houses were negative for ZIKV, whereas 23% of
houses were negative for CHIKV.

Relative Risk for Zika Virus and Chikungunya Virus Seropositivity

Zika virus PRNT and CHIKV IgG data showed that the RR of
nonindex household members being seropositive for the re-
spective virus was significantly higher among those living in
a house with ZIKV-positive or CHIKV-positive index parti-
cipants. When stratified by NSP-HM and SP-HM subgroups,
only the SP-HM had a significantly higher risk of being ZIKV-
positive when living with a ZIKV-positive index, whereas both
NSP-HM and SP-HM had a significantly higher risk of being
CHIKV-positive when living with a CHIKV-positive index
(Table 2). Similar results to the ZIKV PRNT RR were obtained
when data from ZIKV IgG were analyzed (Table 2), and the re-
sults were consistent or slightly stronger when limited to only
analyzing participants >18 years old (who are more likely to be
sexually active).

Dyadic Analyses with Concordant and Discordant Zika Virus and
Chikungunya Virus Serological Data

The RR of dyads having a concordant (+/+ or —/-) serological
result was significantly higher among sexual partners when
ZIKV PRNT, data were used (Table 3). For ZIKV IgG and
CHIKYV IgG data, the risk of having a concordant result was not
higher among sexual dyads (Table 3). The RR of having a pos-
itive (as opposed to a concordant) serological result for ZIKV
(PRNT,; or IgG) or CHIKV was not higher in sexual dyads
(Supplementary Table S3).

The results of the GLMM models based on dyadic data were
similar to those from the dyadic frequency distribution analyses.
The odds of having a concordant (+/+ or —/-) serological re-
sult was marginally higher among sexual dyads when data from
ZIKV PRNT, was used (Table 4). The odds of having a positive
serological result compared with any other serological result was
not higher among sexual dyads (Supplementary Table S4).

Retrospective Clinical Data

The percentage of adults reporting having had arboviral dis-
ease among the serological, sexual, and age groups is shown in
Table 5. In brief, more people who were positive for CHIKV
reported having had arboviral disease than people who were
positive for ZIKV-only or who were negative for both viruses.
More people who were positive for ZIKV-only reported having
had arboviral disease than those negative for both viruses.
A marginally higher percentage of adults who were positive for
ZIKV-only reported having had arboviral disease in nonsexual
dyads than in sexual dyads, and no women reported having had
arboviral disease in the sexual dyads. Arboviral disease his-
tory among children and teenagers is shown in Supplementary
Table S5. Among individuals who went to a health clinic, chi-
kungunya was the most clinically diagnosed disease in the 2

CHIKV-positive groups (61.5%-77.8%); however, chikun-
gunya was diagnosed in a high percentage (up to 75%) of par-
ticipants who were CHIKV-negative and ZIKV-positive. Zika
was clinically diagnosed in 6.7%-25% of people within the 2
ZIKV-positive groups but was not diagnosed in any partici-
pants of the 2 ZIKV-negative groups. Dengue diagnosis was
variable among all groups, ranging from 0% to 100% (Table 5
and Supplementary Table S5). Atypical symptoms were re-
ported similarly among serological groups and between sexual
and nonsexual dyads (Supplementary Tables S6 and S7). Most
pregnancy history data and risk factors for adverse pregnancy
outcomes among the groups with different serological statuses
were relatively similar (Supplementary Table S8).

DISCUSSION

Our study shows intense arbovirus transmission within the
index-based households, in accordance with the clustered,
household-level arbovirus transmission by human-biting A
aegypti seen with DENV [1-5]. However, seroprevalence for
ZIKV was significantly higher than CHIKYV, from both PRNT
and IgG data. We believe that seroprevalence from PRNT
(66%) more reliably reflects the proportion of the study pop-
ulation exposed to ZIKV because the ZIKV IgG ELISA ex-
hibits suboptimal specificity and sensitivity with samples from
dengue-endemic areas [40, 41]. Several factors might explain
the high ZIKV seroprevalence found here. The most obvious
is the possibility that our data incorporate an inflated measure
of cross-reactive anti-flavivirus antibodies in serological tests
due to previous infections of participants with DENV. This is
likely to be true with the less specific ZIKV IgG ELISA assay,
but much less so with the PRNTs because of the high PRNT
cutoff used here and because the level of DENV/ZIKV cross-re-
active nAbs decreases significantly over time [42]. In fact, dif-
ferential ZIKV seropositivity among household members were
observed, in some cases, only with PRNT data and not with IgG
data. Others have proposed that non-aedine mosquitoes might
facilitate transmission of ZIKV in tropical urban cities, which
may be a factor that inflates ZIKV transmission and thus se-
roprevalence; however, these data have not been replicated in
numerous other studies and so have been called into question
[43-47]. The factor most parsimonious with our data is that
sexual exposure of ZIKV is driving inflated seroprevalence to
this arbovirus, which is modestly transmitted by A aegypti [21,
25-27,48].

The RR analyses treating index participants as the exposure
demonstrated that people living in a house with a ZIKV- or
CHIKV-seropositive index have a higher risk of also being se-
ropositive for the respective virus. However, when the house-
hold members were subgrouped into sexual and nonsexual
partners of the index, there was a substantially higher risk of
sexual partners being ZIKV-positive when living with a ZIKV-
seropositive index, but not of nonsexual partners, indicating
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that people engaged in a sexual relationship with the index had
significantly higher risk of being exposed to ZIKV. Nonsexual
household members of ZIKV indexes had a modestly higher
but nonsignificant risk of being ZIKV-seropositive, providing
epidemiological support for the numerous studies suggesting
that A aegypti vector competence for ZIKV is modest [21,
25-27, 48]. In stark contrast, both sexual and nonsexual house-
hold members had significantly higher risk of being seroposi-
tive when living with a CHIKV-positive index, strengthening
our general understanding of efficient A aegypti transmission
of some arboviruses at the household level. The dyadic and
GLMM analyses on concordant ZIKV PRNT results corrob-
orated the data from the index-based RR analysis. However,
in dyadic and GLMM analyses using ZIKV IgG data, sexual
dyads had no higher risk of having a concordant result, which,
again, might be explained by the fact that IgG data incorpor-
ates cross-reactive DENV IgG, making the differential serology
between nonsexual and sexual dyads undetectable. A possible
limitation of our study is that it was index-biased, and thus our
results may not reflect ZIKV and CHIKV household transmis-
sion dynamics in the overall Paulista-PE population. We also
had few participants in certain subgroups, which constrained

the statistical power of some analyses. Future studies should as-
sess similar factors of household transmission of these viruses
at a population level in this area and others, which would also
increase the number of participants. In a related study to ours
conducted in Puerto Rico, Rosenberg et al [31] studied house-
hold ZIKV infection by reverse-transcription polymerase chain
reaction (RT-PCR). They showed that while sexual partners of
index case patients were not at significantly higher risk to also
be RT-PCR-positive, their network analysis of sexual partner
dyads demonstrated a higher probability of both members
being ZIKV-positive than other dyads. These important data
are consistent with ours, and both studies suggest that sexual
contact may be a stronger driver of ZIKV exposure in places
where the virus is transmitted by both mosquitoes and sexual
contact.

In the retrospective clinical data, a greater proportion of
CHIKV-exposed participants recalling having had an arboviral
disease suggest a higher ratio of apparent or symptomatic dis-
ease from CHIKYV infections. Nonetheless, a similar proportion
of participants reported having had symptoms such as fever,
rash, myalgia, and arthralgia among the different ZIKV/CHIKV
serological groups, highlighting the challenges of distinguishing
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removed in this analysis.

Relative percentage of people positive in each house for Zika virus ([ZIKV] left) and chikungunya virus ([CHIKV] right). Addresses outside of Paulista-PE were
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Table 2. Relative Risk of Household Members Being Seropositive for Zika Virus (ZIKV) or Chikungunya Virus (CHIKV) When Exposed to ZIKV or CHIKV
Index Cases, Respectively

Serological Data Relative Risk (95% Cl) PValue
ZIKV PRNT,,
Positive HM Negative HM
Positive Index 112 68 1.49 [1.11-2.11] .0066
Negative Index 25 35
Positive NSP-HM Negative NSP-HM
Positive Index 71 46 1.16 [0.86-1.65] .3667
Negative Index 22 20
Positive SP-HM Negative SP-HM
Positive Index 41 22 3.91 [1.62-11.29] .0004
Negative Index 3 15
Positive HM =18 yo Negative HM 218 yo
Positive Index 218 yo 77 45 1.85[1.24-2.98] .0018
Negative Index >18 yo 14 27
Positive NSP-HM =18 yo Negative NSP-HM = 18 yo
Positive Index 218 yo 36 24 1.26 [0.82-2.12] .3345
Negative Index >18 yo i 12
Positive SP-HM =18 yo Negative SP-HM > 18 yo
Positive Index >18 yo 41 21 3.97 [1.64-11.47] .0003
Negative Index >18 yo 3 15
ZIKV IgG
Positive HM Negative HM
Positive Index 150 29 1.27 (1.06-1.63] .0125
Negative Index 31 16
Positive NSP-HM Negative NSP-HM
Positive Index 94 21 1.17 [0.96-1.57] .1493
Negative Index 23 10
Positive SP-HM Negative SP-HM
Positive Index 56 8 1.53 [1.09-2.70] .0153
Negative Index 8 6
Positive HM =18 yo Negative HM 218 yo
Positive Index >18 yo 106 14 1.35 [1.09-1.84] .0054
Negative Index 218 yo 21 "
Positive NSP-HM >18 yo Negative NSP-HM >18 yo
Positive Index >18 yo 50 7 1.22 [0.96-1.80] 1454
Negative Index >18 yo 13 5
Positive SP-HM =18 yo Negative SP-HM >18 yo
Positive Index 218 yo 56 7 1.56 (1.11-2.74] .0104
Negative Index 218 yo 8 6
CHIKV IgG
Positive HM Negative HM
Positive Index 86 73 2.27 [1.565-3.42] <.0001
Negative Index 21 67
Positive NSP-HM Negative NSP-HM
Positive Index 56 50 2.47 [1.50-4.27] .0001
Negative Index 12 44
Positive SP-HM Negative SP-HM
Positive Index 30 23 2.01[1.16-3.78] .0138
Negative Index 9 23
Positive HM =18 yo Negative HM 218 yo
Positive Index 218 yo 62 43 2.19 [1.45-3.44] <.0001
Negative Index >18 yo 17 46
Positive NSP-HM >18 yo Negative NSP-HM >18 yo
Positive Index 218 yo 32 21 2.34 [1.32-4.54] .0031
Negative Index >18 yo 8 23
Positive SP-HM >18 yo Negative SP-HM >18 yo
Positive Index 218 yo 30 22 2.05[1.18-3.85] .0128

Negative Index 218 yo

9

23

Values significantly or marginally different are indicated in bold.

Abbreviations: Cl, confidence interval; CHIKV, chikungunya virus; IgG, immunoglobulin G; NSP-HM, nonsexual partner household members; PRNT,,, plaque reduction neutralization test
resulting in 50% plaque reduction; SP-HM, sexual partner household members; yo, years old; ZIKV, Zika virus.

“For each serological assay, data is first shown from the whole study population (all household members and when subdivided into NSP-HM and SP-HM), and from participants >18 yo (all
household members and when subdivided into NSP-HM and SP-HM).
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Table 3. Relative Risk of Household Members Having Concordant (+/+ or —/-) Serology for Zika Virus or Chikungunya Virus Within Sexual and Nonsexual

Dyads
Serological Data Relative Risk (95% Cl) ~ PValue
ZIKV PRNT,

Concordant serological result (+/+ or —=/=)  Discordant serological result (+/— or —/+)
Member of sexual dyad 63 31 1.22 [1.01-1.45] .0407
Member of nonsexual dyad 150 123

Concordant serological result (+/+ or —/=)  Discordant serological result (+/- or —/+)
Member of sexual dyad >18 yo 63 30 1.20[0.98-1.48] .0817*
Member of nonsexual dyad >18 yo 76 59
ZIKV 1gG

Concordant serological result (+/+ or —=/=)  Discordant serological result (+/- or —/+)
Member of sexual dyad 70 21 1.07 [0.92-1.22] .3442
Member of nonsexual dyad 186 73

Concordant serological result (+/+ or —=/-)  Discordant serological result (+/— or —/+)
Member of sexual dyad >18 yo 64 20 1.03 [0.87-1.20] 7442
Member of nonsexual dyad >18 yo =~ 92 32
CHIKV IgG

Concordant serological result (+/+ or —/-=)  Discordant serological result (+/— or —/+)
Member of sexual dyad >18 yo 63 85) 1.02 [0.84-1.19] .8496
Member of nonsexual dyad >18 yo 177 103

Concordant serological result (+/+ or =/=)  Discordant serological result (+/— or —/+)
Member of sexual dyad =18 yo 63 34 0.96 [0.79-1.15] .6390
Member of nonsexual dyad >18 yo =~ 93 44

Values significantly or marginally different are indicated in bold.

Abbreviations: Cl, confidence interval; CHIKV, chikungunya virus; IgG, immunoglobulin G; PRNT, , plaque reduction neutralization test resulting in 560% plague reduction; yo, years old; ZIKV,

Zika virus.

*Marginally different (P < .1). Relative risk significance was calculated through Fisher's exact test.

these arboviral diseases based on common symptoms [49, 50].
It is notable that fewer participants and no women who were
seropositive for ZIKV-only within sexual dyads reported having
had arboviral disease compared with those from nonsexual
dyads. If participants from the sexual dyads were more likely
to be infected with ZIKV through sex, this raises the impor-
tant question of whether the 2 routes of transmission (sex vs
mosquito) leads to different symptomatology. Although the
frequency of recall of atypical symptoms (eg, dysuria) did not
differ significantly among the serological groups, future pro-
spective studies designed to capture atypical symptoms during
acute infection with ZIKV are warranted.

Supplementary Data

Supplementary materials are available at The Journal of Infectious
Diseases online. Consisting of data provided by the authors to
benefit the reader, the posted materials are not copyedited and are
the sole responsibility of the authors, so questions or comments
should be addressed to the corresponding author.

Supplementary Table S1. Demographics of participants ac-
cording to combined Zika virus (ZIKV) and chikungunya virus
(CHIKYV) serology.

Supplementary Table S2. Agreement between Zika virus
(ZIKV) serology from plaque reduction neutralization test
(PRNT) and IgG ELISA.

Table 4. Generalized Linear Mixed Model With Zika Virus and Chikungunya Virus Serology Using a Similar Approach as Table 3 (+/+ or -/~ Dyads vs

+/- or -/+ Dyads)

PValue for Type 3 Effects Covariance Parameter Estimates (SE)

Category Serological Data Odds Ratio [95% Cl]

All participants ZIKV PRNT,, 1.65 [0.97-2.78]
ZIKV 1gG 1.19[0.62-2.27]
CHIKV 1gG 0.98 [0.58-1.66]

Participants 218 yo ZIKV PRNT, 1.72[0.91-3.24]
ZIKV IgG 1.11 [0.54-2.29]
CHIKV IgG 0.84[0.47-1.561]

.06* 0.33 (0.25)
.60 0.87 (0.37)
.93 0.41 (0.26)
.09* 0.74 (0.40)
.78 0.72 (0.48)
.55 0.28 (0.35)

Values significantly or marginally different are indicated in bold.

Abbreviations: Cl, confidence interval; CHIKV, chikungunya virus; IgG, immunoglobulin G; PRNT,, plaque reduction neutralization test resulting in 50% plaque reduction; SE, standard error;

yo, years old; ZIKV, Zika virus.
*Marginally different (P < .1). Calculations were performed using the GLIMMIX procedure.
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Table 5. Arboviral Disease History in Nonindex Participants >18 Years Old Relative to Their Serological Status®

Arboviral Disease History ZIKV*/CHIKV* % (N/Total)

ZIKV*/CHIKV™ % (N/Total)

ZIKV7/CHIKV* % (N/total)

ZIKV7/CHIKV™ % (N/Total)

Member of a Nonsexual Dyad

Reported Having Had Arboviral 84.2 (16/19)Aa

Disease
Female 90.0 (9/10)
Male 778 (7/9)
18-50 years 875 (7/8)
>50 years 81.8 (9/11)
Symptoms During Disease
Fever 81.2 (13/16)
Female 88.9 (8/9)
Male 71.4 (5/7)
18-50 years 71.4 (5/7)
>50 years 88.9 (8/9)
Rash 62.5 (10/16)
Female 55.5 (5/9)
Male 71.4 (5/7)
18-50 years 71.4 (5/7)
>50 years 55.6 (5/9)
Myalgia 875 (14/16)
Female 100.0 (9/9)
Male 71.4 (5/7)
18-50 years 100.0 (7/7)
>50 years 778 (7/9)
Arthralgia 80.0 (12/15)
Female 100.0 (9/9)
Male 50.0 (3/6)
18-50 years 85.7 (6/7)
>50 years 75.0 (6/8)
Redness in the Eye or 43.7 (7/16)
Retroorbital Pain
Female 44.4 (4/9)
Male 42.8 (3/7)
18-50 years 57.1 (4/7)
>50 years 33.3 (3/9)
Photophobia 62.5 (10/16)a
Female 778 (7/9)
Male 42.8 (3/7)
18-50 years 71.4 (5/7)
>50 years 55.6 (5/9)
Went to the Doctor When 81.3 (13/16)
Having the Disease
Female 778 (7/9)
Male 85.7 (6/7)
18-50 years 71.4 (5/7)
>50 years 88.9 (8/9)
Hospitalized 12.5 (2/16)
Female 22.2(2/9)
Male 0.0 (0/7)
18-50 years 14.3 (1/7)
>50 years 11.1.(1/9)
Clinical Diagnosis 100.0 (13/13)
Dengue 30.8 (4/13)
Zika 77 (113)
Chikungunya 61.5 (8/13)

Member of a Sexual Dyad

Reported Having Had Arboviral

Disease
Female

71.4 (20/28)a

76.5 (13/17)

41.9 (13/31)v,4,a

40.0 (10/25)
50.0 (3/6)
56.3 (9/16)
26.7 (4/15)

76.9 (10/13)
80.0 (8/10)
66.7 (2/3)
778 (7/9)
75.0 (3/4)
84.6 (11/13)a
90.0 (9/10)
66.7 (2/3)
88.9 (8/9)
75.0 (3/4)
84.6 (11/13)
100.0 (10/10) t
33.3 (1/3)4
778 (7/9)
100.0 (4/4)
83.3 (10/12)
100.0 (9/9) 1
33.3(1/3)!
778 (7/9)
100.0 (3/3)
61.5 (8/13)

70.0 (7/10)
33.3(1/3)
55.6 (5/9)
75.0 (3/4)
61.5 (8/13)
60.0 (6/10)
66.7 (2/3)
66.7 (6/9)
50.0 (2/4)
69.2 (9/13)

70.0 (7/10)
66.7 (2/3)
66.7 (6/9)
75.0 (3/4)
0.0 (0/9)

100.0 (9/9)
44.4 (4/9)
11.1(1/9)
44.4 (4/9)

19.3 (6/31)vv

0.0 (0/14) ¢

875 (14/16)a

81.8 (9/11)
100.0 (5/5)
88.9 (8/9)
85.7 (6/7)

100.0 (14/14)
100.0 (9/9)
100.0 (5/5)
100.0 (8/8)
100.0 (6/6)
42.8 (6/14)v
55.5 (5/9)
20.0 (1/5)
25.0 (2/8)
66.7 (4/6)
92.8 (13/14)
100.0 (9/9)
80.0 (4/5)
875 (7/8)
100.0 (6/6)
85.7 (12/14)
88.9 (8/9)
80.0 (4/5)
875 (7/8)
83.3 (5/6)
42.8 (6/14)

44.4 (4/9)
40.0 (2/5)
25.0 (2/8)
66.7 (4/6)
42.8 (6/14)
55.5 (5/9)
20.0 (1/5)
50.0 (4/8)
3
64.3 (9/14)

778 (7/9)

40.0 (2/5)
375 (3/8)1
100.0 (6/6) t

0.0 (0/9)

88.9 (8/9)
1.1 (1/9)
0.0 (0/9)
778 (7/9)

85.0 (17/20)a

88.9 (8/9)

15.8 (3/19)v.v

14.3 (2/14)
20.0 (1/5)
13.3 (2/15)
25.0 (1/4)

100.0 (3/3)
100.0 (2/2)
100.0 (1/1)
100.0 (2/2)
100.0 (1/1)
100.0 (3/3)
100.0 (2/2)
100.0 (1/1)
100.0 (2/2)
100.0 (1/1)
66.7 (2/3)
50.0 (1/2)
100.0 (1/1)
100.0 (2/2)

0.0
66.7

100.0 (2/2)
0.0 (0/1)
50.0 (1/2)
100.0 (1/1)
0.0 (0/2)

100.0 (2/2)
100.0 (2/2)
0.0 (0/2)
0.0 (0/2)

14.3 (4/28)v

23.1 (3/13)
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Table 5. Continued

Arboviral Disease History

ZIKV*/CHIKV* % (N/Total)

ZIKV*/CHIKV™ % (N/Total)

ZIKV7/CHIKV* % (N/total)

ZIKV7/CHIKV™ % (N/Total)

Male
18-50 years
>50 years
Symptoms During Disease
Fever
Female
Male
18-50 years
>50 years
Rash
Female
Male
18-50 years
>50 years
Myalgia
Female
Male
18-50 years
>50 years
Arthralgia
Female
Male
18-50 years
>50 years

Redness in the Eye or
Retroorbital Pain

Female

Male

18-50 years

>50 years
Photophobia

Female

Male

18-50 years

>50 years

Went to the Doctor When
Having the Disease

Female

Male

18-50 years

>50 years
Hospitalized

Female

Male

18-50 years

>50 years
Clinical Diagnosis

Dengue

Zika

Chikungunya

63.6 (7/11)
75.0 (18/24)
50.0 (2/4)

80.0 (16/20)
76.9 (10/13)
85.7 (6/7)
77.8 (14/18)
100.0 (2/2)
70.0 (14/20)
76.9 (10/13)
57.1 (4/7)
66.7 (12/18)
100.0 (2/2)
100.0 (19/19)
100.0 (12/12)
100.0 (7/7)
100.0 (17/17)
100.0 (2/2)
95.0 (19/20)
92.3 (12/13)
100.0 (7/7)
94.4 (17/18)
100.0 (2/2)
35.0 (7/20)

38.5 (5/13)
28.6 (2/7)
38.9(7/18)
0.0 (0/2)
30.0 (6/20)v
38.5 (5/13)
14.3 (1/7)
33.3 (6/18)
0.0 (0/2)
75.0 (15/20)

69.2 (9/13)
85.7 (6/7)
778 (14/18)
50.0 (1/2)
0.0 (0/15)

86.7 (13/15)
13.3 (2/15)
6.7 (1/15)
66.7 (10/15)

35.3 (6/17)t
16.7 (4/24)
28.6 (2/7)

83.3 (5/6)
83.3 (5/6)
100.0 (4/4)
50.0 (1/2)
66.7 (4/6)
66.7 (4/6)
75.0 (3/4)
50.0 (1/2)
100.0 (6/6)
100.0 (6/6)
100.0 (4/4)
100.0 (2/2)
100.0 (6/6)
100.0 (6/6)
100.0 (4/4)
100.0 (2/2)
50.0 (3/6)

50.0 (3/6)
75.0 (3/4)

0.0 (0/2)
80.0 (4/6)
66.7 (4/6)
75.0 (3/4)

5.0 (1/2)
66.7 (4/6)

66.7 (4/6)
75.0 (3/4)
50.0 (1/2)

0.0 (0/4)

100.0 (4/4)

0.0 (0/4)
25.0 (1/4)
75.0 (3/4)

81.8 (9/11)
81.3 (13/16)
100.0 (4/4)

88.2 (15/17)
100.0 (8/8)
778 (7/9)
84.6 (11/13)
100.0 (4/4)
52.9 (9/17)
75.0 (6/8)
33.3 (3/9)
53.8 (7/13)
50.0 (2/4)
94.1 (16/17)
875 (7/8)
100.0 (9/9)
100.0 (13/13)
75.0 (3/4)
94.1 (16/17)
100.0 (8/8)
88.9 (8/9)
92.3 (12/13)
100.0 (4/4)
29.1 (5/17)

44.4 (4/9)
46.2 (6/13)
50.0 (2/4)
64.7 (11/17)

50.0 (4/8)
778 (7/9)
61.5 (8/13)
75.0 (3/4)
0.0 (0/11)

100.0 (11/11)
36.4 (4/11)

0.0 (0/11)
63.6 (7/11)

6.7 (1/15)
14.3 (3/21)
14.3 (1/7)

75.0 (3/4)
100.0 (3/3)

0.0 (0/1)
100.0 (3/3)

0.0 (0/1)
25.0 (1/4)
33.3 (1/3)

0.0 (0/1)
33.3 (1/3)

0.0 (0/1)
100.0 (4/4)
100.0 (3/3)
100.0 (1/1)
100.0 (3/3)
100.0 (1/1)
100.0 (4/4)
100.0 (3/3)
100.0 (1/1)
100.0 (3/3)
100.0 (1/1)

0.0 (0/4)

0.0 (0/3)
0.0 (0/1)
0.0 (0/4)

0.0 (0/3)
0.0 (0/1)
50.0 (2/4)

66.7 (2/3)
0.0 (0/1)
66.7 (2/3)
0.0 (0/1)
0.0 (0/2)

100.0 (2/2)
50.0 (1/2)
0.0 (0/2)
50.0 (1/2)

Values significantly or marginally different are indicated in bold.

Abbreviations: CHIKV, chikungunya virus; ZIKV, Zika virus.

“Determination of seropositivity was from ZIKV plague reduction neutralization test resulting in a 50% plaque reduction (PRNT,,) and CHIKV IgG enzyme-linked immunosorbent assay

(ELISA).

A vs V Significantly or A vs v marginally different between serology groups (row data). t vs | Significantly different between females vs males or 18-50 vs >50 years old (column data).
A vs V Marginally different between nonsexual and sexual dyad (column data). Significantly different, P<.05; marginally different, P < .1. Differences between proportions was analyzed by

Fisher's exact test.
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Supplementary Table S3. Relative risk of household mem-
bers being seropositive for Zika virus (ZIKV) or chikungunya
virus (CHIKV) within sexual and nonsexual dyads.

Supplementary Table S4. Generalized linear mixed model
(GLMM) with Zika virus (ZIKV) and chikungunya virus
(CHIKYV) serology using a similar approach as Supplementary
Table S3 (+/+ dyads vs +/—, —/+ or —/— dyads).
§5.  Arboviral
in nonindex participants 5-17 years old relative to their

Supplementary Table disease history
serological status.

Supplementary Table S6. Arboviral disease-related symp-
toms in nonindex participants > 18 years old relative to their
serological status in non-sexual and sexual dyads.

Supplementary Table S7. Arboviral disease-related symp-
toms in nonindex participants from 5-17 years old relative to
their serological status.

Supplementary Table S8. Pregnancy history and abnormal
gynecological exam results in participants >12 years old relative
to their serological status.
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