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Throughout the Americas, dengue virus (DENV), 
chikungunya virus (CHIKV), and Zika virus 

(ZIKV), transmitted by Aedes aegypti mosquitoes, 
cause periodic outbreaks (1,2). Those arboviruses 
often cocirculate, overwhelming health systems in 
tropical regions (1–3). During a 2015–2016 epidemic, 
ZIKV gained global attention for its links to congenital  

Zika syndrome, microcephaly, and Guillain-Barré syn-
drome (4). In Puerto Rico, USA, >71,000 suspected cas-
es and >39,000 laboratory-confirmed ZIKV infections 
were reported during that period (5,6).

Conventional Aedes spp. mosquito control strate-
gies, such as insecticide spraying, habitat removal, and 
community education, face growing limitations. Insec-
ticide resistance is widespread, spraying is costly and 
labor-intensive, and sustained community engage-
ment for source reduction is often difficult to maintain 
(7,8). Those challenges have spurred interest in alterna-
tive tools, such as the autocidal gravid ovitrap (AGO), 
a pesticide-free device developed by the Centers for 
Disease Control and Prevention (CDC) to attract and 
trap gravid female Ae. aegypti mosquitoes (9). Once 
inside the AGO, mosquitoes are unable to escape, re-
ducing breeding populations without chemical insecti-
cides. AGOs require infrequent maintenance and have 
sustained effects when deployed at scale (8,10).

Long-term community AGO deployment has 
been shown to reduce Ae. aegypti mosquito densities 
by up to 80% (11–13). During the 2014–2015 chikun-
gunya outbreak in Puerto Rico, communities using 
AGOs had lower mosquito densities and 5-fold lower 
CHIKV infection rates, suggesting that AGOs can 
meaningfully disrupt arbovirus transmission (14). Al-
though CHIKV and ZIKV share a vector, differences 
in epidemic timing, asymptomatic infection rates, 
and behavioral responses might influence interven-
tion effectiveness. AGO effectiveness for reducing 
ZIKV infection risk has not been well studied. Given 
the possible severe outcomes from ZIKV infection, 
evaluating the protective effect of AGOs is critical for 
informing public health strategies.

Although no confirmed ZIKV infections have 
been reported in Puerto Rico since 2019, competent 
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Aedes aegypti mosquitoes drive arboviral outbreaks in 
tropical regions. Zika virus (ZIKV), linked to congenital 
and neurologic complications, caused a major outbreak 
in Puerto Rico, USA, in 2016, infecting ≈26% of the pop-
ulation. Autocidal gravid ovitraps (AGOs), pesticide-free 
devices targeting gravid Ae. aegypti mosquitoes, have 
been shown to reduce transmission of another arbovi-
rus, chikungunya. During March–May 2017, we con-
ducted a household-based serosurvey in 4 demographi-
cally similar communities in southeastern Puerto Rico, 2 
with long-term AGO deployment (≈85% coverage) and 
2 without, to assess effects of AGOs on ZIKV transmis-
sion. Among 271 participants >5 years of age, ZIKV 
seroprevalence was much lower in intervention than 
nonintervention communities (9.6% vs. 20.0%). Protec-
tive effects were strongest among older adults, larger 
households (>4 persons), and persons spending more 
time at home. Although study design and measurement 
limitations could limit generalizability of results, our find-
ings support AGOs as sustainable nonchemical tools for 
reducing ZIKV infections.
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mosquito vectors and risk for reintroduction per-
sist. In 2024, Puerto Rico experienced its first major 
dengue outbreak in >10 years, in which >6,000 con-
firmed cases and 11 deaths occurred (15–17). That 
outbreak underscores the ongoing threat of mosqui-
toborne viruses, their substantial economic burden, 
and the need for sustainable control strategies (18,19). 
We evaluated the effectiveness of AGOs in reducing 
ZIKV infection and Ae. aegypti mosquito abundance 
in Puerto Rico by comparing ZIKV seroprevalence 
and mosquito abundance between communities with 
and without AGOs. 

Methods

Study Setting
We conducted this study in 4 communities already 
participating in a long-term entomologic trial in 
the Salinas and Guayama municipalities on Puer-
to Rico’s southeastern coast. In 2015, the popula-
tion of Salinas was 30,114 and the population of 
Guayama was 43,700; both had population densi-
ties of 434–672 persons per square mile (13). Both 
municipalities have young (median age ≈36 years) 
populations, ≈15% of whom are >65 years of age 
(13). The municipalities also have near equal sex 
distribution, and >50% of households are below the 
poverty line (13).

Community-level data showed that the 4 study 
sites were small, semiurban neighborhoods with com-
parable population sizes, household densities, and 
occupancy rates (Appendix Table 1, https://wwwnc.  
cdc.gov/EID/article/32/4/25-1206-App1.pdf). Av-
erage household size was 2.6–3.6 persons. Most 
homes were single-story with patios or gardens, and 
architecture and climate were similar across sites. All 
communities had piped water and waste removal ser-
vices, including sewer or septic coverage depending 
on location (9,13,20). Those indicators support base-
line demographic and infrastructural comparability 
of intervention and nonintervention sites.

The 2 intervention communities (La Margarita, 
Villodas) are geographically buffered by vegetation 
or roads (200–500 meters), reducing mosquito move-
ment from adjacent areas (20). The nonintervention 
communities (Arboleda, La Playa) without AGOs are 
embedded in larger urban zones. Although not ran-
domized, we selected sites that were demographi-
cally and environmentally comparable on the ba-
sis of census and field data (13,21). All 4 sites have 
had continuous mosquito surveillance since 2012. 
Prior analyses confirmed that differences in Ae. ae-
gypti mosquito abundance between intervention and  

nonintervention areas emerged only after trap de-
ployment (14,22). Consistent with prior evaluations, 
we observed similar female Ae. aegypti mosquito 
abundance during the predeployment baseline pe-
riod, October–December 2011, in the original paired 
communities of La Margarita and Villodas (Appendix 
Figure 1). A CHIKV serosurvey in those sites found 
no systematic demographic or household-level dif-
ferences (13). Other community-based serosurveys in 
Puerto Rico have shown consistent ZIKV, DENV, and 
CHIKV seroprevalence patterns, and variation was 
driven more by age and household factors than ge-
ography (23,24). Together, those findings confirmed 
sustained reductions in Ae. aegypti mosquitoes in in-
tervention areas and limited underlying differences, 
supporting the inference that observed ZIKV effects 
were unlikely to reflect underlying community char-
acteristics (13,20,25).

AGO Intervention
AGOs attract and capture gravid female Ae. aegypti 
mosquitoes (9,10,20). Each household in interven-
tion communities received 3 traps, maintained ev-
ery 2 months by trained staff. Deployment began 
during 2011–2013 and ultimately covered ≈85% of 
households. Previous studies documented that in-
tervention communities experienced marked and 
sustained reductions in Ae. aegypti mosquito abun-
dance compared with nonintervention sites (21). 
Weekly entomologic surveillance using sentinel 
AGOs provided data on Ae. aegypti mosquito abun-
dance, which we linked to participant infection sta-
tus (9,20,26) (Appendix). 

Study Design and Sampling
We conducted a cross-sectional, community-based 
serosurvey during March–May 2017 to assess ZIKV 
infection among residents in the 4 communities. We 
conducted the serosurvey 6–9 months after peak ZIKV 
transmission in Puerto Rico during August 2016 to cap-
ture infections from the outbreak period. The survey 
overlapped with the seasonal arbovirus activity trough 
(March–April), when incident infections are uncom-
mon (17). Therefore, IgM detection in this survey re-
flects infections acquired during the 2016 epidemic 
rather than new infections occurring at the time of sam-
pling. Although the serosurvey was conducted in 2017, 
analysis and reporting were delayed because of com-
peting public health response priorities and the time 
required for data harmonization, quality assurance, 
and linkage to longitudinal entomologic surveillance.

For sampling, we used a stratified random de-
sign, assigning a unique identifier to each residential  
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structure and randomly selecting households to 
achieve ≈28.5% coverage of the total population. We 
chose 28.5% coverage to balance statistical power 
with operational feasibility for household-based ve-
nous blood collection. The 28%–30% coverage target 
was successfully applied in prior arboviral serosur-
veys in the same study communities and yielded 
representative samples for demographic and house-
hold characteristics (13,25). Field teams visited each 
selected household up to 3 times to recruit partici-
pants. If a household was vacant or the head-of-
household remained unavailable after 3 visits, we 
randomly replaced that household to meet enroll-
ment targets.

Eligible participants included all residents >5 
years of age who slept in the selected household for 
>4 of the previous 7 nights. We excluded children <5 
years of age because of the difficulty of venous blood 
collection and ethical considerations of venipunc-
ture in that age group. Although younger children 
can provide valuable information on recent arbovi-
rus circulation in endemic settings, ZIKV was new-
ly introduced in Puerto Rico in 2015–2016; thus, all 
age groups were susceptible, and infection risk was 
broadly distributed. Our primary aim was to assess 
community-level ZIKV infection prevalence across 
the general population after the epidemic, which 
we could accomplish by including participants >5  

Figure 1. Adjusted prevalence 
ratios for ZIKV seropositivity by 
demographic and behavioral 
characteristic among participants 
in an evaluation of effectiveness 
of autocidal gravid ovitraps for 
preventing Zika virus infection, 
Puerto Rico, USA. Values left 
of 0 (corresponding to adjusted 
prevalence ratio <1) indicate 
lower ZIKV seroprevalence in 
intervention communities. log-
adjusted prevalence ratios show 
statistically significant (p<0.05) 
overall seroprevalence reduction, 
and specific reductions among 
older adults (>60 years of age), 
participants in larger households 
(>4 persons), those without air 
conditioning, those who always 
kept windows or doors open, and 
those spending >61 hours/week at 
home. Use of mosquito coils was 
also associated with reduced ZIKV 
seropositivity in intervention areas. 
Error bars represent 95% CIs. 
ZIKV, Zika virus.
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years of age. Participant selection was independent of 
household AGO presence; in intervention communi-
ties, households were neither included nor excluded 
based on whether AGOs were installed at that spe-
cific residence. 

We obtained written informed consent from all 
adult participants. Persons 15–20 years of age provid-
ed written assent with parental or guardian permis-
sion, and children 5–14 years of age provided verbal 
assent with written parental or guardian permission. 
All participants provided blood specimens, regard-
less of reported symptoms, and completed structured 
questionnaires on demographic and housing charac-
teristics, mosquito prevention practices, and recent 
illness history (Appendix). This study was reviewed 
and approved by the CDC Institutional Review Board 
(protocol no. 6800).

Laboratory Testing
Field teams collected venous blood specimens and 
transported specimens on the same day to the CDC 
Dengue Branch (Division of Vector-Borne Diseases, 
National Center for Emerging and Zoonotic Infec-
tious Diseases) in San Juan, Puerto Rico. Upon arrival, 
we centrifuged samples to separate serum, then ali-
quoted and stored serum at –20°C until testing.

We tested serum specimens for ZIKV IgM by us-
ing the CDC Zika IgM antibody capture ELISA (Zika 
MAC-ELISA), following CDC instructions, and tested 
for DENV IgM by using the DENV Detect IgM cap-
ture ELISA (InBios International, Inc., https://inbios.
com), following manufacturer instructions. The Zika 
MAC-ELISA has high sensitivity and specificity for 
recent ZIKV infection in dengue-endemic settings, al-
though some cross-reactivity with other flaviviruses, 
particularly DENV, can occur (27,28). To minimize 
misclassification, our primary outcome defined ZIKV 
infection as ZIKV IgM–positive and DENV IgM–neg-
ative results, an approach supported by evaluations of 
the Zika MAC-ELISA showing that IgM reactivity is 
strongest for the homotypic virus in dengue-endemic 
settings (27). We also conducted a sensitivity analysis 
by including participants testing positive for ZIKV 
IgM, DENV IgM, or both. We did not test for DENV 
or ZIKV IgG because available assays show substan-
tial cross-reactivity among ZIKV-exposed persons in 
dengue-endemic settings, limiting the usefulness of 
those assays for distinguishing prior ZIKV from prior 
DENV infection (29). 

Statistical Analysis
We estimated prevalence ratios (PRs) for ZIKV in-
fection by using Poisson regression with robust SEs, 

adjusting for age, sex, and time spent at home. We 
explored effect modification across demographic and 
household subgroups. Sensitivity analyses included 
broader arbovirus IgM outcomes and models incor-
porating entomologic data. We conducted all anal-
yses in R version 4.4.2 (The R Project for Statistical 
Computing, https://www.r-project.org) (Appendix). 

Results

Study Population
A total of 330 participants from 242 households 
completed the serosurvey: 71 households from Ar-
boleda (nonintervention), 79 from La Margarita 
(intervention), 40 from La Playa (nonintervention), 
and 52 from Villodas (intervention). We selected 
households from among 1,228 total residential struc-
tures, of which 1,014 (82.6%) were occupied during 
enumeration (Appendix Figure 2). We prioritized 
household sampling by structures that participated 
in a prior 2015–2016 CHIKV serosurvey, then ran-
domly selected replacement households to meet en-
rollment targets.

Of the 330 enrolled participants, we excluded 55 
because of indeterminate serology results: 32 hemo-
lyzed samples, 17 equivocal results, and 6 nonspe-
cific results. We excluded another 4 participants who 
tested DENV IgM–positive. Thus, we included a total 
of 271 (82.1%) participants from 208 households: 65 
households in Arboleda, 65 in La Margarita, 33 in La 
Playa, and 45 in Villodas. Among included partici-
pants, 136 (50.2%) lived in intervention communities 
and 135 (49.8%) lived in nonintervention communi-
ties. Participants’ median age was 59 (IQR 46–69) 
years; 165 (60.9%) were female and 106 (39.1%) were 
male (Table 1; Appendix Table 2). Most had lived in 
their communities for >10 years, and household char-
acteristics were similar between groups.

The secondary sensitivity analysis included an 
expanded sample of 297 participants with valid ZIKV 
or DENV IgM results, including those who were 
DENV IgM–positive. That population had similar de-
mographic and household characteristics to the pri-
mary analytic sample (Appendix Table 3).

Baseline Characteristics
Characteristics among participants in intervention 
and nonintervention communities did not differ sub-
stantially, including for age, sex, number of house-
hold residents, and duration of residence (Table 1; 
Appendix Table 2). However, participants in non-
intervention communities reported higher levels of 
mosquito exposure than participants in intervention 
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communities, including more frequent daily bites 
(24.6% vs. 8.1%; p = 0.004) and being bitten at home 
(79.3% vs. 66.9%; p = 0.031). Citronella use was more 
common in nonintervention areas (31.9% vs. 16.2%; 

p = 0.004), suggesting greater perceived or actual 
mosquito abundance or differing perceptions of citro-
nella’s effectiveness relative to other control methods. 
Other prevention behaviors, such as repellent or coil 

 
Table 1. Characteristics of participants in an evaluation of effectiveness of autocidal gravid ovitraps for preventing Zika virus infection, 
Puerto Rico, USA* 

Characteristics Total, n = 271 
Participant data 

p value† Intervention, n = 136 Nonintervention, n = 135 
Age group, y, n = 267    0.283 
 <20 18 (6.7) 9 (6.7) 9 (6.8)  
 20–39 31 (11.6) 19 (14.2) 12 (9.0)  
 40–59 86 (32.2) 47 (35.1) 39 (29.3)  
 >60 132 (49.4) 59 (44.0) 73 (54.9)  
Median age, y (IQR) 59 (46–69) 59 (43–69) 60 (49–69) 0.324 
Sex    0.242 
 F 165 (60.9) 88 (64.7) 77 (57.0)  
 M 106 (39.1) 48 (35.3) 58 (43.0)  
Years in community, n = 269    0.244 
  0–19 104 (38.7) 56 (41.2) 48 (36.1)  
 20–39 116 (43.1) 52 (38.2) 64 (48.1)  
 >40 49 (18.2) 28 (20.6) 21 (15.8)  
Median years (IQR) in community, n = 269 24 (12–35) 21 (13–35) 29 (12–34) 0.307 
Acute illness with rash, fever, or joint pain since November 2015, n = 270  0.271 
 Y 58 (21.5) 25 (18.4) 33 (24.6)  
 N 212 (78.5) 111 (81.6) 101 (75.4)  
Household characteristics     
 No. persons in household    0.516 
  1 60 (22.1) 30 (22.1) 30 (22.2)  
  2 101 (37.3) 47 (34.6) 54 (40.0)  
  3 52 (19.2) 25 (18.4) 27 (20.0)  
  >4 58 (21.4) 34 (25.0) 24 (17.8)  
 Median no. (IQR) persons in household 2 (2–3) 2 (2–3) 2 (2–3) 0.454 
 No. children <5 years of age    0.081 
  0 250 (92.3) 121 (89.0) 129 (95.6)  
  1 17 (6.3) 13 (9.6) 4 (3.0)  
  2 4 (1.5) 2 (1.5) 2 (1.5)  
 Annual household income, USD, n = 238    0.059 
  <25,000 173 (72.7) 88 (73.3) 85 (72.0)  
  26,000–50,000 46 (19.3) 18 (15.0) 28 (23.7)  
  51,000–75,000 16 (6.7) 11 (9.2) 5 (4.2)  
  >76,000 3 (1.3) 3 (2.5) 0 (0.0)  
 Dwelling type    0.393 
  One-story house 248 (91.5) 122 (89.7) 126 (93.3)  
  Two-story house 23 (8.5) 14 (10.3) 9 (6.7)  
 No. screened windows/doors, n = 270    0.789 
  1 139 (51.5) 70 (51.9) 69 (51.1)  
  2 87 (32.2) 45 (33.3) 42 (31.1)  
  3 44 (16.3) 20 (14.8) 24 (17.8)  
 Air conditioning use    0.312 
  In all rooms 42 (15.5) 18 (13.2) 24 (17.8)  
  Only in bedroom at night 140 (51.7) 68 (50.0) 72 (53.3)  
  None 89 (32.8) 50 (36.8) 39 (28.9)  
 Frequency of open windows/doors    0.496 
  Always 96 (35.4) 46 (33.8) 50 (37.0)  
  Only during the day 116 (42.8) 63 (46.3) 53 (39.3)  
  Only at night 7 (2.6) 2 (1.5) 5 (3.7)  
  Never 52 (19.2) 25 (18.4) 27 (20.0)  
Mosquito exposure     
 Weekly hours at home    0.827 
  <24 19 (7.0) 9 (6.6) 10 (7.4)  
  25–60 91 (33.6) 48 (35.3) 43 (31.9)  
  61–84 161 (59.4) 79 (58.1) 82 (60.7)  
 Median weekly hours (IQR) at home 73 (42–84) 72 (42–84) 74 (44–84) 0.536 
*Values are no. (%) except as indicated. Intervention communities had autocidal gravid ovitraps installed; nonintervention communities did not. IQR, 
interquartile range. 
†2 test was used for comparison of percentages, Fisher exact test was for comparison of categories with >1 value <5, and Mann-Whitney U test was 
used for medians. 
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use, were similar across groups. We observed similar 
patterns in the sensitivity analysis (Appendix Table 3).

ZIKV Seroprevalence
Overall, we detected recent ZIKV infection in 40 of 
the 271 participants, corresponding to 14.8% sero-
prevalence. Seroprevalence was much lower (9.6%, 
13/136) in intervention communities than noninter-
vention communities (20.0%, 27/135). Overall crude 
PR was 0.48 (95% CI 0.26–0.89); after adjusting for 
confounders, the adjusted PR (aPR) was 0.49 (95% CI 
0.27–0.90) (Figure 1; Appendix Table 4).

Lower ZIKV seroprevalence in intervention com-
munities was consistent across most demographic 
and behavioral subgroups (Figure 1; Appendix Table 
4). Among participants >60 years of age, seropreva-
lence was 5.1% in intervention and 23.3% in nonin-
tervention communities (aPR 0.22 [95% CI 0.06–0.75]). 
We observed similar protective associations among 
participants in larger households (>4 residents; aPR 
0.10 [95% CI 0.01–0.81]), without air conditioning 
(aPR 0.28 [95% CI 0.10–0.78]), and those who used 
mosquito coils (aPR 0.17 [95% CI 0.04–0.78]), although 
subgroup sizes were small.

Among participants who always kept windows 
or doors open, those in intervention communities had 
lower seroprevalence than those in nonintervention 
communities (6.5% vs. 24.0%; aPR 0.27 [95% CI 0.08–
0.97]). Similarly, those spending >61 hours/week at 
home in intervention areas had lower seroprevalence 
compared with those in nonintervention areas (5.1% 
vs. 22.0%). In intervention communities, predicted in-
fection probability rose with time at home, peaking at 
52 hours per week before declining (Appendix Figure 
3). In contrast, infection probability in nonintervention 
communities increased steadily, peaking at 84 hours.

Among the 297 participants in the expanded sen-
sitivity analysis, 41 (13.8%) tested ZIKV IgM–positive 
and 5 (1.7%) tested DENV IgM–positive (Appendix 
Tables 3, 4). Overall arbovirus seroprevalence re-
mained much lower in intervention communities 
than in nonintervention communities (9.2% vs. 21.5%; 
aPR 0.44 [95% CI 0.24–0.78]) (Appendix Table 5). The 
strongest protective associations persisted among 
older adults (aPR 0.21 [95% CI 0.07–0.62]), partici-
pants without air conditioning (aPR 0.25 [95% CI 
0.09–0.69]), and those in larger households (aPR 0.10 
[95% CI 0.01–0.80]), supporting the robustness of the 
primary findings.

Perceptions of AGO Effectiveness
Among participants in intervention communities, 
105/136 (77.2%) reported a reduction in household 

mosquito density related to AGOs. Few reported an 
increase (3.7%, n = 5) or no change (8.1%, n = 11) in 
mosquito density, and 11.0% (n = 15) were unsure or 
did not respond to that question.

ZIKV Seropositivity and Acute Febrile Illness
Among ZIKV-seropositive participants, 37.5% 
(15/40) reported experiencing an acute febrile ill-
ness since November 2015, compared with 18.7% 
(43/231) of ZIKV-seronegative participants (p = 
0.014) (Table 2). Seropositive participants more fre-
quently reported common Zika symptoms than se-
ronegative participants, including rash (27.5% vs. 
8.7%), fever (30.0% vs. 15.2%), and joint pain (32.5% 
vs. 16.5%) (p≤0.040). However, care-seeking (20.0% 
seropositive vs. 12.1% seronegative; p = 0.270) and 
hospitalization (2.5% seropositive vs. 0.4% seroneg-
ative; p = 0.682) were infrequent and did not differ 
significantly by serostatus.

Entomologic Trends and ZIKV Seropositivity  
Association 
During the ZIKV epidemic, January 2016–May 2017, 
mean weekly Ae. aegypti mosquito abundance per 
surveillance trap was substantially lower in interven-
tion than nonintervention communities (1.40 [95% CI 
1.28–1.52] vs. 9.98 [95% CI 8.98–11.00] mosquitoes per 
trap) (Figure 2). In Poisson regression models adjusted 
for age category, sex, and hours spent at home, higher 
mosquito abundance was positively associated with 
ZIKV seropositivity. Each additional female mosqui-
to captured per trap-week was associated with a 4% 
increase in ZIKV seropositivity risk at a 2-week lag 
(risk ratio [RR] 1.044 [95% CI 1.011–1.077]; p = 0.008) 
(Table 3). Associations at shorter lag times were simi-
lar in magnitude and reached statistical significance 
at a 1-week lag (RR 1.028 [95% CI 1.003–1.053]; p = 
0.026), but not at 0 lag. Formal interaction tests pro-
vided no evidence that associations differed by inter-
vention status (Appendix Table 6).

Discussion
In this community-based serosurvey, AGO deploy-
ment was associated with lower ZIKV seropreva-
lence and higher mosquito suppression in interven-
tion communities compared with nonintervention 
communities. Residents in intervention communities 
had approximately half the ZIKV seroprevalence of 
residents in nonintervention communities. Howev-
er, because we did not conduct a randomized evalu-
ation and seroprevalence was measured 6–9 months 
after peak transmission, residual confounding and 
differential misclassification might have contributed 
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to the observed difference. Associations appeared 
stronger in some subgroups (e.g., older adults, larg-
er households, and participants spending more time 
at home), although subgroup estimates were impre-
cise and should be interpreted cautiously. Overall, 
these findings are consistent with, but do not es-
tablish, a protective association between AGOs and 
lower peridomestic vector exposure and arboviral 
infection risk (30).

Our findings build on research demonstrating 
sustained Ae. aegypti mosquito population reduc-
tions in the same communities where AGOs have 
been maintained for nearly a decade (8). Similar ef-
fects were observed in northern Mexico and North 
Carolina, where mass trapping reduced Aedes spp. 
mosquito abundance and shifted mosquito popu-
lations toward younger, less infectious females 
(31,32). During Puerto Rico’s 2014–2015 chikungu-
nya outbreak, CHIKV seroprevalence in AGO in-
tervention areas was half that of nonintervention 
areas (13,25). This study extends that evidence to 
ZIKV, revealing a positive association between 
reduced mosquito abundance and seropositivity, 
particularly at a 2-week lag, consistent with the 

ZIKV incubation period (33). Our results also align 
with entomologic surveillance, which showed fre-
quent ZIKV detection in Ae. aegypti mosquito pools 
from untreated sites but rarely in AGO communi-
ties during the 2016 epidemic (14). Even modest in-
creases in vector density could elevate short-term 
infection risk, aligning with findings suggesting 
DENV transmission is unlikely when weekly fe-
male Ae. aegypti mosquito densities remain <4/trap 
(30). Stronger apparent protection among older 
persons and those spending more time at home is 
consistent with the peridomestic biting behavior of 
Ae. aegypti mosquitoes (34,35) and a household-lev-
el mechanism of protection (18). The lack of protec-
tion among younger adults might reflect increased 
mobility and mosquito exposure outside the home, 
which is concerning for pregnant women, who face 
increased risk for ZIKV complications. However, 
few participants in our study were pregnant, limit-
ing our ability to directly assess those differences. If 
AGOs provide less protection for more mobile per-
sons, complementary strategies, including personal 
protection, prenatal counseling, and risk messag-
ing, might be needed during outbreaks.

Figure 2. Weekly Aedes aegypti 
mosquito abundance from an 
evaluation of effectiveness 
of autocidal gravid ovitraps 
(AGOs) for preventing Zika 
virus infection, Puerto Rico, 
USA. Mean mosquito counts 
per surveillance trap are shown 
weekly for each of the 4 study 
communities: A) Arboleda; B) 
La Margarita; C) La Playa; 
D) Villodas. Intervention 
communities had AGOs. Black 
lollipop markers indicate the 
weekly number of ZIKV IgM–
positive participants identified 
during the 2017 postepidemic 
serosurvey. Dashed vertical lines 
indicate first known ZIKV case 
in Puerto Rico on December 
31, 2015. Mosquito abundance 
remained substantially lower 
in intervention communities 
throughout the epidemic period, 
aligning with the reduced ZIKV 
seroprevalence observed in 
those areas. Scales for the 
y-axes differ substantially to 
underscore patterns but do not 
permit direct comparisons. ZIKV, 
Zika virus.
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Our results highlight the potential of nonchemi-
cal vector control tools to reduce arbovirus trans-
mission. Other interventions have demonstrated re-
ductions in mosquito densities, but few have shown 
population-level impacts on human infection (36,37). 
AGOs offer a pesticide-free, community-accepted al-
ternative that requires infrequent maintenance and 
is well suited to semiurban settings where indoor 
mosquito biting is common and insecticide resis-
tance limits traditional approaches (18). Compared 
with aerial spraying or Wolbachia-based bacterial re-
leases, AGOs are less resource-intensive, but large-
scale deployment would require sustained funding, 
logistical coordination, and public-sector capacity. 
The observed association with lower ZIKV infection 
supports continued evaluation of AGOs as part of 
integrated vector management.

The relationship between time spent at home 
and ZIKV risk differed by community type, and 
infection probability rose more steeply in nonin-
tervention areas. That finding aligns with evidence 
that human mobility influences arboviral exposure 
and should be considered in intervention evalua-
tions (38–40). We also observed protective asso-
ciations among participants without air condition-
ing and those who kept windows or doors open, 
suggesting AGOs could be particularly beneficial 
in households with higher mosquito exposure.  
Mosquito coil use appeared beneficial in interven-
tion communities, highlighting potential added 
value in combining AGOs with personal protection 
tools in integrated strategies.

The first limitation of this study is that sam-
pling occurred 6–9 months after peak ZIKV trans-
mission; thus, waning IgM might have underesti-
mated cumulative incidence. However, ZIKV IgM 
can persist for >12–25 months; one study reported 
detectable IgM in >70% of ZIKV-infected persons at 
12–19 months (41), suggesting that our survey likely 
captured most infections from the 2016 outbreak. 
Nonetheless, if infection timing differed systemati-
cally between community types, differential IgM de-
tectability could have biased between-community 

comparisons (e.g., earlier infections in intervention 
communities could accentuate differences due to 
waning seroprevalence, whereas earlier infections 
in nonintervention communities would tend to at-
tenuate differences). Second, all participants were 
sampled during the same period using the same 
protocol, but we cannot exclude temporal differenc-
es in infection timing as a contributor to observed 
differences in IgM seroprevalence. Third, we did not 
measure IgG, which would have provided informa-
tion on baseline flavivirus seroprevalence. However, 
DENV transmission was minimal during the study 
period, as documented by passive and enhanced 
surveillance that reported no laboratory-confirmed 
dengue cases in 2017 (3,16), reducing the likelihood 
that cocirculating dengue or DENV-ZIKV cross-
reactivity materially biased IgM results. In dengue-
endemic settings, conventional DENV-like particle 
IgG assays show substantial cross-reactivity among 
ZIKV-exposed persons, limiting their specificity for 
distinguishing prior DENV versus ZIKV infection. 
In Puerto Rico, DENV and ZIKV are the only fla-
viviruses with sustained human transmission, and 
no ZIKV circulation was documented before the 
2015–2016 epidemic. We selected demographically 
and environmentally comparable intervention and 
nonintervention communities, and longstanding en-
tomologic surveillance and prior household-based 

 
Table 2. Reported acute febrile illness and symptom profiles among participants in an evaluation of effectiveness of autocidal gravid 
ovitraps for preventing Zika virus infection, Puerto Rico, USA* 
Characteristics Overall, n = 270† ZIKV-positive, n = 40 ZIKV-negative, n = 230 p value‡ 

Acute febrile illness 58 (21.5) 15 (37.5) 43 (18.7) 0.014 
Rash 31 (11.5) 11 (27.5) 20 (8.7) 0.002 
Fever 47 (17.4) 12 (30.0) 35 (15.2) 0.040 
Joint pain 51 (18.9) 13 (32.5) 38 (16.5) 0.030 
Sought medical care for illness 36 (13.3) 8 (20.0) 28 (12.2) 0.275 
Hospitalized for illness 2 (0.7) 1 (2.5) 1 (0.4) 0.684 
*Values are no. (%). ZIKV, Zika virus. 
†One ZIKV-negative participant with missing information on acute febrile illness and related symptom history was excluded from this table. 
‡2 test was used for comparison of percentages and Fisher exact test was for comparison of categories with >1 value <5. 
 

 
Table 3. Association between lagged Aedes aegypti female 
mosquito abundance and ZIKV IgM seropositivity in an 
evaluation of effectiveness of autocidal gravid ovitraps for 
preventing Zika virus infection, Puerto Rico, USA* 
Lag, wks Adjusted RR (95% CI)† p value p for interaction‡ 
0 1.028 (0.996–1.062) 0.091 0.115 
1 1.028 (1.003–1.053) 0.026 0.776 
2 1.044 (1.011–1.077) 0.008 0.400 
*Reflects test for effect modification by community intervention status. RR, 
risk ratio; ZIKV, Zika virus. 
†RRs were estimated by using Poisson regression with a log link and 
robust (sandwich) SEs. Lagged mosquito abundance was modeled as a 
continuous predictor (per +1 female per trap-week). Lags 0–2 represent 
mosquito abundance in the week of specimen collection (lag 0) and 1–2 
weeks prior (lags 1–2). Adjusted models include age category, sex, and 
hours spent at home (community) categories.  
‡Interaction p values are Wald tests from pooled models including a 
mosquito abundance × intervention status interaction term using robust 
standard errors.  
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serosurveys of CHIKV and DENV did not indicate 
large systematic differences between communities. 
Those data provide some reassurance that major im-
balances in underlying immunity are not obvious; 
however, we cannot rule out meaningful commu-
nity-level differences in baseline exposure risk or 
other unmeasured factors that might influence in-
fection risk. Any residual flavivirus cross-immunity 
would be expected to be similar across communities 
and would tend to bias estimates toward the null, 
consistent with cohort data from Nicaragua show-
ing that prior DENV infection reduced symptomatic 
ZIKV disease but did not alter overall ZIKV infec-
tion risk (symptomatic and inapparent combined) 
(42). Fourth, several self-reported indicators related 
to mosquito exposure differed by community type, 
but because we collected data on those indicators 
after AGOs were implemented for several years 
and after the epidemic, they cannot be interpreted 
as definitive baseline differences and might reflect 
intervention-related changes in exposure or report-
ing. As a nonrandomized community comparison, 
residual confounding from unmeasured differences 
between communities (e.g., fine-scale environmental 
conditions, housing characteristics, human mobility 
patterns, or uptake of personal protective behaviors) 
could partially or fully explain the observed sero-
prevalence differences. Finally, the modest sample 
size limited precision, particularly for subgroup es-
timates, so evidence of effect modification should be 
cautiously interpreted.

Despite those limitations, use of a validated ELI-
SA, exclusion of DENV IgM–positive participants in 
the primary analysis, minimal DENV transmission 
during the study period, and consistent sensitivity 
analyses increase confidence that the observed asso-
ciation is not solely attributable to assay limitations. 
Most ZIKV-seropositive participants did not report 
illness or care-seeking, underscoring the value of 
serologic surveillance in capturing asymptomatic or 
unrecognized infections. 

In conclusion, by linking entomologic control with 
human health outcomes, this study contributes to the 
evidence for sustained Aedes spp. mosquito vector 
control to reduce ZIKV transmission. Amid increasing 
arbovirus outbreaks and rising concerns about insecti-
cide resistance, integrating AGOs into broader vector 
control programs could help close the gap between en-
tomologic impact and human health benefit.
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