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Abstract

IMPORTANCE Chikungunya virus has reemerged in some French overseas territories and mainland
France, raising concern for its reintroduction in French Polynesia.

OBJECTIVE To assess current population immunity to chikungunya virus and estimate future
outbreak risk.

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional study included data from 2
serosurveys and used a modeling approach that integrated seroprevalence, contact matrices, and
demographic characteristics. The first serosurvey was conducted on the island of Tahiti (June 2018)
among schoolchildren aged 6 to 16 years. The second serosurvey (November 2019 to December
2021) included adults aged 18 to 69 years across French Polynesia, a French overseas territory in the
Southeast Pacific that comprises 75 inhabited islands grouped into 5 subdivisions with 279 000
people according to the 2022 census. Data analysis was conducted from April to June 2025.

MAIN OUTCOMES AND MEASURES Main outcomes were seroprevalence rates and factors
associated with seropositivity; age-stratified infection proportions for the 2014 to 2015 outbreak,
pre-outbreak the basic reproduction number (R0), the effective reproduction number (Reff) for 2025,
and Reff projections were estimated.

RESULTS Serological data were available for 2363 participants (457 schoolchildren; median [IQR]
age, 11 [8-13] years; 244 [53.3%] female, and 1906 adults; 38 [28-52] years; 1003 [52.6%] female).
Seroprevalence was 62.8% (95% CI, 58.0%-67.0%) in schoolchildren, and the weighted
seroprevalence was 67.6% (95% CI, 64.8%-70.3%) in adults. In adults, lower odds of seropositivity
were associated with male sex (adjusted odds ratio [aOR], 0.71; 95% CI, 0.55-0.92), age groups 30 to
44 years and 45 to 69 years compared with 18 to 29 years (ages 30-44 years: aOR, 0.46; 95% CI,
0.32-0.66; ages 45-69 years: aOR, 0.33; 95% CI, 0.22-0.48), living in the Austral subdivision (aOR,
0.38; 95% CI, 0.27-0.55), and higher education (ie, university or more education: aOR, 0.51; 95% CI,
0.32-0.81). Living in larger households and being unpartnered were associated with higher odds of
seropositivity (larger households: aOR, 1.69; 95% CI, 1.12-2.56; being unpartnered: aOR, 1.95; 95% CI,
1.03-3.69). Modeled infection rates for 2014 to 2015 ranged from 52.6% (95% credible interval [CrI],
43.6%-60.0%) in children aged 0 to 4 years to 80.8% (95% CrI, 73.3%-86.2%) in those aged 10 to
14 years. Inferred pre-outbreak R0 was 1.78 (95% CrI, 1.73-1.82), and Reff for 2025 was estimated at
0.95 (95% CrI, 0.85-1.04). Assuming assortative mixing, projections suggest Reff would exceed 1
(lower 95% CrI >1) by 2028, but assuming random mixing, Reff would exceed 1 in 2051, more than 20
years later than the other estimate.

CONCLUSIONS AND RELEVANCE In this cross-sectional study, high chikungunya seroprevalence
was observed, with heterogeneity between subdivisions, age groups, and other sociodemographic
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Abstract (continued)

characteristics. Modeling analysis estimated Reff near 1 in 2025, suggesting sustained transmission
could occur if chikungunya is reintroduced. These findings suggest that incorporating contact
matrices could improve outbreak risk assessments, while assuming random mixing might
underestimate reemergence timing.

JAMA Network Open. 2026;9(3):e262270. doi:10.1001/jamanetworkopen.2026.2270

Introduction

First isolated in East Africa in 1952, chikungunya virus (CHIKV) is an arthropod-borne virus (arbovirus)
of the Togaviridae family.1 Its primary vectors are mosquitoes of the Aedes genus, particularly Aedes
albopictus and Aedes aegypti. In French Polynesia, Aedes polynesiensis is also a competent vector.2

Common symptoms include high fever, headache, fatigue, maculopapular rash, severe
polyarthralgia, and myalgia.1,3 It is estimated that between 3% and 25% of infections are
asymptomatic.4 Additionally, approximately 40% to 80% of infected individuals may experience
chronic symptoms (>3 months), particularly joint pain.1,5 No specific antiviral treatment is available.
One live attenuated and one virus-like particle vaccine have been licensed with restrictions or
suspended.6-10 Over the past 2 years, more than 600 000 cases per year have been reported
worldwide, with model estimates suggesting millions each year.6,11,12

The recognition of CHIKV as a global public health concern emerged in the early 2000s. In
2006, La Réunion Island, a French overseas territory, experienced an extensive and severe
chikungunya outbreak, along with other Indian Ocean countries.13,14 Subsequently, CHIKV caused
multiple outbreaks in Latin America and the Caribbean, while circulating in Africa and Asia.1,4,15 In the
Pacific, the first reported CHIKV infections occurred in New Caledonia (2011), followed by Papua New
Guinea (2012), the Federated States of Micronesia (2013), Samoa (2014), and Fiji (2015).16,17 In
French Polynesia, CHIKV was initially detected in May 2014 from a traveler returning from
Guadeloupe (French Caribbean).18,19 Four months later, autochthonous cases were detected on
Tahiti, and the virus subsequently spread throughout French Polynesia. While CHIKV was circulating
in other Pacific Islands at that time, phylogenetic analyses revealed that French Polynesian strains
were more closely related to those isolated in the Caribbean.18 By mid-March 2015, when the
outbreak ended, an estimated 69 000 individuals (25% of the total population) had been affected,
with 16 reported deaths.20,21 After the outbreak, a serosurvey conducted on the islands of Tahiti and
Moorea revealed a CHIKV seroprevalence of 76%.22

In August 2024, CHIKV reemerged in La Réunion Island, causing more than 54 000 confirmed
cases by June 2025, including 577 hospitalizations and 27 deaths.23,24 Considering the outbreaks in
La Réunion Island and Mayotte, and locally acquired infections in metropolitan France,24-26 there
was an increased risk of CHIKV reintroduction in French Polynesia.

This study describes chikungunya’s epidemiological status in French Polynesia and assesses the
risk of a new outbreak. We conducted statistical analyses on data derived from 2 serosurveys: one
involving schoolchildren on Tahiti in June 2018 and another involving adults across French Polynesia
between November 2019 and December 2021. Moreover, as previous studies27-29 have highlighted
the role of social structures and behaviors on arbovirus transmission, age-specific contact matrices
were integrated into the modeling framework in addition to seroprevalence data.

Methods

Ethical Considerations
For this cross-sectional study, we used data from 2 serosurveys, one involving schoolchildren, which
received approval from the Comité d’Ethique de la Polynésie française (CEPF), and the other
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involving adults, approved by both the CEPF and the French national Comité de protection des
personnes. Written informed consent was obtained from all adult participants, and written parental
consent was obtained for minors, who also provided verbal assent. This study followed the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting
guideline for cross-sectional studies.

Setting and Study Populations
Located in the Southeast Pacific, French Polynesia is a French overseas territory of 121 islands (75
inhabited), grouped into 5 administrative subdivisions: Windward Islands, Leeward Islands,
Marquesas Islands, Austral Islands, and Tuamotu-Gambier Islands, spanning an exclusive economic
zone of more than 5 million square kilometers.30,31 Island types range from flat coral atolls to volcanic
high islands, creating diverse ecological conditions. The population is approximately 279 000
inhabitants (per the 2022 census), with most residents living on Tahiti.32

Schoolchildren Serosurvey
Conducted in June 2018, the study aimed to assess the proportion of children aged 6 to 16 years
immunized against arboviruses (eg, dengue, Zika, chikungunya, and Ross River viruses).
Sociodemographic data and finger-prick blood samples were collected from 457 schoolchildren from
6 primary and secondary schools in Tahiti in June 2018.22 The survey was school-based with random
selection of schools, classes, and schoolchildren among volunteers.

Adults Serosurvey (MATAEA Study)
Conducted in November 2019 to December 2021, this study’s main objective was to estimate the
prevalence of both noncommunicable and communicable diseases as well as associated risk factors
within the population.34 The study used a population-based sampling design to generate
representative estimates for the adult population of French Polynesia.34 A total of 1942 participants
aged 18 to 69 years were recruited. Participants completed a questionnaire that captured
sociodemographic characteristics, lifestyle behaviors, and medical history.34 Physical measurements
were recorded, and biological specimens (including blood) were collected. For both the
schoolchildren and adult serosurveys, arbovirus IgG antibody detection, including those directed
against CHIKV, was performed by microsphere immunoassay (MIA), as previously described.33

Statistical Analysis
Data From Schoolchildren
Pearson χ2 tests were performed to assess the association between variables such as sex and age
group. Weights were not applied to the data as sampling was restricted to Tahiti and complete
information on selection probabilities was unavailable to derive valid design weights.

Data From Adults
Missing Data | Individuals without arbovirus MIA results were excluded from the analytical
framework. For variables with missing percentages less than 1.6%, data were imputed using multiple
imputation by chained equations, using random forest algorithm with a maximum of 5 iterations.
The final sample size comprised 1906 individuals.

Weights | Weights were calculated as the ratio of the total population, stratified by subdivision, sex,
and age group, to the number of observations in each corresponding category. Demographic data
were obtained from the 2017 census.34 This weighting approach allowed the extrapolation of
observations to the entire population while accounting for the demographic and geographic
structure of French Polynesia.
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Descriptive Analyses and Logistic Regressions
Pearson χ2 tests, adjusted using the Rao and Scott correction, were performed to assess the
association between selected categorical variables. We performed weighted univariate logistic
regression by including sociodemographic, environmental, and behavioral variables. All variables
with a P value less than .20 were included in the initial weighted multivariable model. Subsequently,
a manual stepwise backward elimination process was applied by successively removing
non–statistically significant variables (P > .05) using the likelihood ratio test to compare successive
models. The final variables retained were those that showed a statistically significant association with
the outcome (P < .05). Statistical analyses were performed using R version 4.4.2 (R Project for
Statistical Computing) with the gtsummary and survey packages for descriptive statistics and 95%
CIs (weighted and unweighted), and the mice package for imputation.35-37

Models
Seroprevalence and Demographic Data | To simplify the dataset and retain only relevant variables
for the modeling framework, we selected variables such as the participant identification number, sex,
age, and confirmed serological status from the 2 serosurvey datasets, then added a new variable (ie,
age at the time of the CHIKV outbreak). Data were then merged to obtain the main dataset. As the
datasets contained no missing values for the selected variables, no imputation was required.
Individuals were divided into 5-year age bins, from 0 to older than 75 years. Demographic data for
French Polynesia were sourced from publicly available datasets for 2015 and 2024.38,39

Contact Matrices | Two types of age-stratified contact matrices were used. Empirical matrices,
available via the socialmixr R package and derived from the Improving Public Health Policy in Europe
Through the Modelling and Economic Evaluation of Interventions for the Control of Infectious
Diseases (POLYMOD) study,40,41 which was conducted in 8 European countries (Belgium, Finland,
Germany, Italy, Luxembourg, Netherlands, Poland, and the United Kingdom) and defined contacts as
direct physical contact (eg, a handshake) or indirect contact (having a conversation of >3 words with
another individual in the same place). Synthetic matrices were obtained from Prem et al,42 which
provides social mixing estimates for 177 geographical regions through a modeling approach that
integrates data from the POLYMOD study and multiple country-specific sociodemographic datasets.
Here, we used the available data for France and 5 Pacific Island countries: Fiji, Samoa, Solomon
Islands, Tonga, and Vanuatu.

Model Framework | To infer the basic reproduction number (R0; defined as the average number of
secondary infections generated by a single infectious individual in an entirely susceptible
population), we adapted the methods of Kucharski et al.43 We applied empirical and synthetic
contact matrices to French Polynesia’s 2015 demographic structure. For each candidate R0, we used
the equation

log(1 – zi) = –R0
j

Cij zj
~

where zi and zj denote the final proportion of infected individuals in age groups i and j, respectively;
C̃ij, the average number of effective contacts made by individual in age group i with age group j; and
1 − zi, the fraction of remaining susceptible individuals in age group i. Assuming complete
susceptibility before the start of the outbreak in all age groups, we calculated the expected final
proportion of infected individuals across all age groups (16 total) for the 2014 to 2015 outbreak by
iteratively solving the final size equation (eFigure 1 and 2 in Supplement 1). We then inferred the R0

value that best fit observed seroprevalence data.
Next, we estimated the effective reproduction number (Reff; the average number of secondary

cases generated per infectious individual in a population consisting of both susceptible and
nonsusceptible individuals). Sustained transmission is expected when Reff is greater than 1, with an
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outbreak on average growing until it reaches its peak, at which point herd immunity is achieved. After
this peak, additional infections still occur, but as the remaining proportion of susceptible individuals
is no longer sufficient to sustain widespread transmission, the number of infections falls. Following
such an outbreak, Reff is therefore substantially less than 1, but it gradually increases over time as new
susceptible individuals are born or migrate into the population.

In the final part of our model framework, we estimated Reff in 2025, accounting for this gradual
increase in susceptibility. To do so, we used French Polynesia’s demographic estimates in 2024,
which represent the most recent population structure, and the same matrices used in the estimation
of R0. We modeled heterogeneous susceptibility across age groups to reflect the population’s
immune status following the 2014 to 2015 outbreak. We assumed full susceptibility for age groups
younger than 10 years, which accounts for new births since the last outbreak. For each older age
group, we progressively shifted susceptibility based on seroprevalence estimates, applying the same
seroprevalence for the 2 oldest age groups due to unavailable data for these groups. We also
estimated Reff assuming random mixing between age groups—as is common for models of vector-
borne pathogens—for comparison. Simulations were performed using functions implemented in the
finalsize R package.44

Parameter Estimation | We estimated R0 using bayesian inference with Markov chain Monte Carlo
(MCMC) methods, as implemented in the MCMCpack R package.45 We ran 10 000 iterations with
an initial burn-in of 1000 to ensure convergence and stable parameter estimates, with 95% credible
intervals (CrIs) calculated from the 2.5th and 97.5th percentiles of the posterior distribution. We used
a Bernoulli likelihood function that compared individual-level serostatus from the main dataset with
age-specific probability of infection estimated by the model for the 2014 to 2015 outbreak. We
calculated the effective reproduction number to evaluate the potential for future transmission. Reff

was derived from our estimated R0 and the age-structured susceptibility of the Polynesian
population in 2024. Specifically, Reff was computed using the formula Reff =R0 ×ρ(S0K),46 where S0

is a diagonal matrix of age-specific susceptibilities, and K is the next generation matrix.

Model Comparison and Sensitivity Analysis | Model comparison was performed by evaluating the
maximized log-likelihood (log[LMLE]), and sensitivity analyses were conducted to assess the
robustness of R0 estimates. Full details are provided in the eMethods and eFigures 3 and 4 in
Supplement 1. Statistical analyses and modeling were performed in 2025.

Results

Schoolchildren Serosurvey
In Tahiti in June 2018, 457 schoolchildren aged 6 to 16 years (median [IQR] age, 11 [8-13] years; 244
[53.3%] female) were recruited for a serosurvey. Serological analyses revealed that 62.8% (95% CI,
58.2%-67.2%) were seropositive to CHIKV. Statistical analyses did not show a difference between
sexes (female, 63.9% [95% CI, 57.5%-69.9%]; male, 61.5% [95% CI, 54.6%-68.0%]; P = .60).
However, we observed that seroprevalence tended to increase nonlinearly with age, from 46.9%
(95% CI, 38.1%-55.9%) in children aged 6 to 9 years to 72.6% (95% CI, 60.7%-82.1%) in those aged
14 to 16 years (Table 1).

Adult Serosurvey
Between November 2019 and December 2021, a total of 1942 adults were recruited for a serosurvey
conducted across French Polynesia. Serological results were available for 1906 participants (median
[IQR] age, 38 [28-52] years; 1003 [52.6%] female). We estimated a weighted CHIKV seroprevalence
of 67.6% (95% CI, 64.8%-70.3%) (Table 2). We observed significantly higher CHIKV seroprevalence
in female compared with male participants (female, 71.1% [95% CI, 67.2%-74.7%]; male. 64.2% [95%
CI, 60.1%-68.1%]; P = .01). Seroprevalence decreased with age, from 80.8% (95% CI, 76.5%-84.5%)
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in those aged 18 to 29 years to 59.9% (95% CI, 54.9%-64.6%) in those aged 45 to 69 years. Our
analyses also showed that CHIKV seroprevalence increased with household size, from 58.9% (95%
CI, 52.4%-65.1%) in 1 to 2 person households to 76.4% (95% CI, 71.2%-81.0%) in households with 6
or more members, and varied by education level, ranging from 57.9% (95% CI, 51.6%-63.9%) for
those with university or higher education to 72.9% (95% CI, 68.3%-77.0%) for those who completed
high school. Seroprevalence also varied significantly by subdivisions, from 45.2% (95% CI, 38.7%-
51.8%) in Austral Islands to 76.8% (95% CI, 70.6%-82.0%) in Tuamotu-Gambier Islands. However,
seroprevalence did not differ significantly according to marital status, housing type, air conditioning
and clean water access, self-reported mosquito-bite frequency, or number of mosquito-protection
measures applied (Table 2).

Univariate regression yielded consistent results (Table 3), and these observations were largely
consolidated by multivariate analysis. Males were less likely to be seropositive than females (adjusted
odds ratio [aOR], 0.71; 95% CI, 0.55-0.92) (Table 3). Compared with participants aged 18 to 29 years,
those aged 30 to 44 years and 45 to 69 years showed lower odds of being seropositive (30-44 years:
aOR, 0.46; 95% CI, 0.32-0.66; 45-69 years: aOR, 0.33; 95% CI, 0.22-0.48). Individuals residing in
the Austral Islands had lower odds of CHIKV seropositivity (aOR, 0.38; 95% CI, 0.27-0.55) than
residents of the Windward Islands. In contrast, living in the Leeward Islands and the Tuamotu-
Gambier Islands was associated with increased odds of seropositivity (Leeward: aOR, 1.33; 95% CI,
1.02-1.74; Tuamotu-Gambier: aOR, 1.68; 95% CI, 1.14-2.48). Living in a larger household (�6
members) was also associated with increased odds of seropositivity (aOR, 1.69; 95% CI, 1.12-2.56).
Additionally, individuals with higher education (ie, university or equivalent) had lower odds of
seropositivity (aOR, 0.51; 95% CI, 0.32-0.81). Finally, unpartnered (separated, divorced, and
widowed) individuals had higher odds of CHIKV seropositivity (aOR, 1.95; 95% CI, 1.03-3.69).

Model Framework
R0 and Model Comparison
R0 was inferred using contact matrices from 14 countries (eTable 1 in Supplement 1). The matrices were
categorized into 2 groups: 8 empirical matrices from European countries and 6 synthetic matrices de-
rived from France and 5 Pacific Island countries. R0 estimates varied across matrices, ranging from 1.71
(95% CrI, 1.67-1.75) to 1.88 (95% CrI, 1.84-1.94). The model using the synthetic matrix of France yielded
the highest log(LMLE) value (log[LMLE] = −1472), indicating the best fit to the seroprevalence data of
French Polynesia, and estimated a pre-outbreak R0 value of 1.78 (95% CrI, 1.73-1.82).

Final Size Calculations
Results broadly aligned with the observed postoutbreak seroprevalence. Specifically, using the
contact matrix of France, model estimates ranged from a minimum of 52.6% (95% CrI,
43.6%-60.1%) in those aged 0 to younger than 5 years to a maximum of 80.8% (95% CrI,
73.3%-86.2%) in those aged 10 to younger than 15 years (Figure 1); estimates for the other contact
matrices are shown in eFigure 2 in Supplement 1.

Table 1. Seroprevalence of Chikungunya Virus in Schoolchildren in Tahiti in June 2018, Unweighted Analyses

Characteristic

Schoolchildren, No. (%) [95% CI]
Total, No.
(n = 457) P valueaSeronegative (n = 170) Seropositive (n = 287)

Overall 170 (37.2) [32.8-41.8] 287 (62.8) [58.2-67.2] 457 NA

Sex

Female 88 (36.1) [30.1-42.5] 156 (63.9) [57.5-69.9] 244
.59

Male 82 (38.5) [32.0-45.4] 131 (61.5) [54.6-68.0] 213

Age, y

6-9 68 (53.1) [44.1-61.9] 60 (46.9) [38.1-55.9] 128

<.0019-14 82 (32.0) [26.4-38.2] 174 (68.0) [61.8-73.6] 256

14-16 20 (27.4) [17.9-39.3] 53 (72.6) [60.7-82.1] 73
Abbreviation: NA, not applicable.
a Pearson χ2 test.
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Reff and Projections
After accounting for demographic characteristics and preexisting immunity in French Polynesia in
2025, all models produced varying estimates of Reff (eTable 2 in Supplement 1). Our best-fitting

Table 2. Weighted Seroprevalence of Chikungunya Virus in Adults in French Polynesia, 2019 to 2021

Characteristic

Participants, weighted % (95% CI)

P valuea
Seronegative
(weighted n = 60 031)

Seropositive
(weighted n = 125 111)

Population estimates 32.4 (29.7-35.2) 67.6 (64.8-70.3) NA

Sex

Female 28.9 (25.3-32.8) 71.1 (67.2-74.7)
.01

Male 35.8 (31.9-39.9) 64.2 (60.1-68.1)

Age group, y

18-29 19.2 (15.5-23.5) 80.8 (76.5-84.5)

<.00130-44 34.4 (29.8-39.3) 65.6 (60.7-70.2)

45-69 40.1 (35.4-45.1) 59.9 (54.9-64.6)

Highest education level

End of primary school or before 32.9 (26.3-40.2) 67.1 (59.8-73.7)

<.001
End of secondary school 30.9 (25.8-36.4) 69.1 (63.6-74.2)

End of high school or equivalent 27.1 (23.0-31.7) 72.9 (68.3-77.0)

University or after 42.2 (36.1-48.5) 57.8 (51.5-63.9)

Marital status

Never married 29.0 (24.0-34.5) 71.0 (65.5-76.0)

.08In a relationship 34.4 (31.1-37.8) 65.6 (62.2-68.9)

Unpartnered 24.6 (16.2-35.5) 75.4 (64.5-83.8)

Subdivision

Windward Islands 33.5 (30.1-37.2) 66.5 (62.8-69.9)

<.001

Leeward Islands 26.5 (22.9-30.4) 73.5 (69.6-77.1)

Marquesas Islands 30.5 (24.6-37.1) 69.5 (62.9-75.4)

Tuamotu-Gambier Islands 23.2 (18.0-29.4) 76.8 (70.6-82.0)

Austral Islands 54.8 (48.2-61.3) 45.2 (38.7-51.8)

Household size

1-2 41.2 (35.0-47.7) 58.8 (52.3-65.0)

<.0013-5 33.6 (29.9-37.5) 66.4 (62.5-70.1)

≥6 23.6 (19.0-28.8) 76.4 (71.2-81.0)

House type

House without garden 22.8 (14.7-33.6) 77.2 (66.4-85.3)
.06

House with garden 33.2 (30.4-36.1) 66.8 (63.9-69.6)

Air conditioning

Yes 35.6 (29.8-41.8) 64.4 (58.2-70.2)
.21

No 31.4 (28.4-34.5) 68.6 (65.5-71.6)

Clean water access

Yes 32.8 (30.0-35.7) 67.2 (64.3-70.0)
.21

No 25.4 (16.5-37.1) 74.6 (62.9-83.5)

Mosquito bite frequency

Never 26.6 (13.9-44.7) 73.4 (55.3-86.1)

.43
Rarely 35.5 (30.6-40.7) 64.5 (59.3-69.4)

Often 31.8 (26.6-37.6) 68.2 (62.4-73.4)

Every day 30.5 (26.6-34.7) 69.5 (65.3-73.4)

No. of mosquito protections used

0 31.3 (20.5-44.6) 68.7 (55.4-79.5)

.82
1-2 31.4 (27.3-35.9) 68.6 (64.1-72.7)

3-4 32.5 (28.4-36.8) 67.5 (63.2-71.6)

≥5 35.5 (28.2-43.6) 64.5 (56.4-71.8)
Abbreviation: NA, not applicable.
a Pearson χ2 with Rao and Scott adjustment.

JAMA Network Open | Infectious Diseases Social Mixing Patterns and Chikungunya Reemergence Risk in French Polynesia

JAMA Network Open. 2026;9(3):e262270. doi:10.1001/jamanetworkopen.2026.2270 (Reprinted) March 18, 2026 7/15

Downloaded from jamanetwork.com by guest on 04/01/2026

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2026.2270&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2026.2270


Table 3. Risk Factors Associated With Chikungunya Virus Seropositivity in the Univariate and Multivariable Logistic Regression Models

Characteristic

Univariate model Multivariate modela

OR (95%CI) P value Global P value aOR (95%CI) P value Global P value

Sex .

Female 1 [Reference] NA
.01

1 [Reference] NA
.01

Male 0.73 (0.56-0.94) .01 0.71 (0.55-0.92) .01

Age group, y

18-29 1 [Reference] NA

<.001

1 [Reference] NA

<.00130-44 0.45 (0.32-0.63) <.001 0.46 (0.32-0.66) <.001

45-69 0.35 (0.25-0.49) <.001 0.33 (0.22-0.48) <.001

Highest education level

End of primary school or before 1 [Reference] NA

.001

1 [Reference] NA

.002
End of secondary school 1.10 (0.73-1.64) .65 0.93 (0.61-1.43) .75

End of high school or equivalent 1.32 (0.90-1.94) .16 0.96 (0.63-1.48) .86

University or after 0.67 (0.45-1.01) .05 0.51 (0.32-0.81) .004

Marital status

Never married 1 [Reference] NA

.09

1 [Reference] NA

.04In a relationship 0.78 (0.58-1.05) .10 0.91 (0.65-1.27) .55

Unpartnered 1.25 (0.70-2.23) .45 1.95 (1.03-3.69) .04

Subdivision

Windward Islands 1 [Reference] NA

<.001

1 [Reference] NA

<.001

Leeward Islands 1.40 (1.09-1.80) .009 1.33 (1.02-1.74) .04

Marquesas Islands 1.15 (0.82-1.61) .41 1.22 (0.85-1.76) .27

Tuamotu-Gambier Islands 1.67 (1.17-2.38) .005 1.68 (1.14-2.48) .009

Austral Islands 0.42 (0.31-0.57) <.001 0.38 (0.27-0.55) <.001

Household size

1-2 1 [Reference] NA

<.001

1 [Reference] NA

.043-5 1.38 (1.01-1.89) .04 1.17 (0.83-1.65) .40

≥6 2.27 (1.55-3.32) <.001 1.69 (1.12-2.56) .01

House type

House without garden 1 [Reference] NA
.07

NA NA
NA

House with garden 0.60 (0.34-1.03) .07 NA NA

Air conditioning

Yes 1 [Reference] NA
.21

NA NA
NA

No 1.21 (0.90-1.63) .21 NA NA

Clean water access

Yes 1 [Reference] NA
.21

NA NA
NA

No 1.43 (0.82-2.51) .21 NA NA

Mosquito bites frequency

Never 1 [Reference] NA

.43

NA NA

NA
Rarely 0.66 (0.29-1.52) .32 NA NA

Often 0.77 (0.33-1.80) .55 NA NA

Every day 0.82 (0.36-1.89) .64 NA NA

No. of mosquito protections used

0 1 [Reference] NA

.83

NA NA

NA
1-2 0.99 (0.54-1.82) .98 NA NA

3-4 0.95 (0.52-1.73) .85 NA NA

≥5 0.83 (0.43-1.60) .57 NA NA

Abbreviations: aOR, adjusted odds ratio; NA, not applicable; OR, odds ratio.
a Nonsignificant variables (P > .05) were sequentially removed from the multivariate model using manual backward elimination. Results of the model without elimination are shown

in eTable 3 in Supplement 1.
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model, which utilized the contact matrix of France, yielded an Reff of 0.95 (95% CrI, 0.85-1.04).
However, when assuming random mixing, the model estimated an Reff of 0.77 (95% CrI, 0.68-0.84).

Reff projections showed that under assortative mixing (using the matrix of France), Reff would
exceed 1 (ie, the lower bound of the 95% CrI would be greater than 1) by 2028 (Figure 2). In contrast,
projections assuming random mixing showed that the outbreak threshold would be crossed starting
in 2051.

Figure 1. Estimated Infection Percentages for the 2014 to 2015 Chikungunya Virus Outbreak
in French Polynesia, Using the Contact Matrix of France for Each 5-Year Age Group
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Figure 2. Projections of the Effective Reproduction Number Over Time
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Discussion

French Polynesia has a history of arbovirus outbreaks triggered by introductions from other
French overseas territories.18,19,47 The reemergence of CHIKV in La Réunion and Mayotte and
autochthonous cases in metropolitan France23-26 prompted French Polynesia to perform a CHIKV
outbreak risk assessment.

Analysis of data from a serosurvey conducted on adults between 2019 to 2021 showed that a
decade after the last outbreak, with no CHIKV infection reported since, overall immunity against
CHIKV remains high (67.6%). However, differences were observed.

Austral Islands residents exhibited significantly lower odds of CHIKV seropositivity than
Windward Islands residents. This observation reflects surveillance system data, which reported
fewer CHIKV infections in those islands during the 2014 to 2015 outbreak.21 Such spatial differences
between subdivisions have also been documented for other arboviruses.22,48

Also, female participants exhibited higher odds of seropositivity than male participants. This sex
discrepancy may be attributed to different social behaviors, as illustrated by contrasting findings
from studies conducted in various regions worldwide.49-51 Additionally, age was significantly
associated with CHIKV seropositivity. Seroprevalence peaked at nearly 81% in those aged 18 to 29
years, with higher odds of seropositivity than those in other age groups. Given no record of CHIKV
circulation before the outbreak, all age groups were exposed simultaneously. Our findings suggest
infection rates were higher among younger age groups during the outbreak, potentially reflecting
age-related differences in social mixing patterns. This contrasts with dengue virus (DENV), which has
caused multiple outbreaks over several decades, resulting in older age groups being more exposed
on average and exhibiting higher seroprevalence.52

Examining additional sociodemographic factors, we found that higher education was associated
with lower CHIKV seropositivity, consistent with previous studies in which lower educational
attainment was associated with increased arbovirus prevalence.53,54 Although less documented,55

our study showed that unpartnered individuals had higher odds of seropositivity than never-married
individuals. While the reasons for this association remain unclear, we hypothesize that marital status
may act as a proxy for underlying factors influencing CHIKV exposure. Finally, living in a larger
household was associated with higher odds of seropositivity, consistent with previous
observations.56 This may reflect facilitated household-level transmission, as larger households offer
more susceptible individuals when infected vectors are present.

Social mixing patterns are often incorporated into modeling human-to-human transmission of
infectious diseases, such as influenza and COVID-19.43,57 Previous studies have demonstrated that hu-
man social structures and spatial proximity can affect CHIKV and DENV transmission.27-29 To under-
stand how human social contacts could estimate age-specific risk for CHIKV, we used a model frame-
work encompassing social contact matrices to estimate the 2014 to 2015 outbreak size, infer pre-
outbreak R0, and assess reemergence risk. Our best-fitting model, which used the contact matrix for
France, estimated an R0 of 1.78. This estimate aligns with previous findings that estimated an island-
averaged R0 of 1.80 for French Polynesia, despite differences in model structure, input data, and the
inclusion of climatic parameters.58 While comparable estimates were observed for the Dominican
Republic,59 other outbreaks, such as in La Réunion Island60 and in the French Caribbean,61 exhibited
higher R0 values. Interestingly, the Dominican Republic’s postoutbreak seroprevalence59 aligns with
our findings, in contrast to La Réunion Island,62 Guadeloupe, and Martinique.63

By the end of the 2014 to 2015 outbreak in French Polynesia, health authorities estimated that
approximately 69 000 individuals had been infected.18,21 Using France’s contact matrix as our
primary proxy, we estimated that this number could have been doubled. Furthermore, we could
derive age-specific infection levels, with highest estimates in preadolescents and younger
adolescents. We hypothesize that the applicability of France’s contact matrix to our context stems
from shared social characteristics, particularly the educational system, supported by studies
indicating schools could represent a significant source of arboviral transmission.64-66
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Another significant aspect of our study was to characterize CHIKV transmission and assess the
risk of a new outbreak by the end of 2025. Assuming a scenario of lifelong CHIKV immunity, French
Polynesia’s current age structure, and social mixing patterns equivalent to those of France, the Reff

value was near the outbreak threshold (Reff >1), with credible intervals including values greater than 1.
This suggests that localized transmission of CHIKV is likely to occur, particularly in areas with high
vector density or lower population immunity. Moreover, Reff is expected to increase over time,
thereby increasing the outbreak risk in coming years. When keeping all scenario parameters
unchanged but assuming random mixing, we obtained lower Reff values, and the estimated timing of
reemergence was delayed by approximately 20 years. Also, under random mixing, the observed
adult seroprevalence (67.6%) would imply a slightly lower R0, which would further delay projected
reemergence. This suggests that accounting for age-specific mixing might be important to avoid
underestimating the risk of CHIKV reemergence.

Limitations
While our approach provides novel insights, it has some limitations. The schoolchildren serosurvey
was school based, relied on voluntary participation, and restricted to Tahiti, which may limit
generalizability to all children in French Polynesia. In addition, because specific social mixing data for
French Polynesia was unavailable, we used contact matrices from other countries as proxies.
Additionally, we did not model variations in vector abundance and activity, which together with
human mixing patterns can influence transmission risk.

Conclusions

Our study, based on 2 cross-sectional serosurveys in French Polynesia, found that CHIKV
seroprevalence was high a decade after the first outbreak, with differences between subdivisions,
age groups, and other sociodemographic characteristics. We found that integrating age-specific
social contact matrices reproduced the age-specific infection patterns during the 2014 to 2015
outbreak, underscoring the role of social contacts in CHIKV transmission. Additionally, results
suggest that overlooking social contacts would underestimate reemergence timing. To our
knowledge, this is among the first studies to use seroprevalence data and social mixing patterns to
estimate age-specific past outbreak size, R0, and future reemergence risk for an arbovirus. Building
on such an approach in other settings and for other arboviruses could enhance understanding of how
age-specific immunity and social mixing patterns interact to shape arbovirus transmission dynamics.

ARTICLE INFORMATION
Accepted for Publication: January 25, 2026.

Published: March 18, 2026. doi:10.1001/jamanetworkopen.2026.2270

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2026 Chung KK
et al. JAMA Network Open.

Corresponding Author: Van-Mai Cao-Lormeau, PhD, Laboratory of Research on Emerging Viral Diseases, Institut
Louis Malardé, BP 30, 98713 Papeete, Tahiti, French Polynesia (mlormeau@ilm.pf).

Author Affiliations: Laboratory of Research on Emerging Viral Diseases, Institut Louis Malardé, Papeete, Tahiti,
French Polynesia (Chung, Aubry, Teiti, Dian, Paoaafaite, Kucharski, Cao-Lormeau); Unité des virus émergents, Aix-
Marseille University, Università di Corsica, IRD 190, Inserm 1207, Institut de Recherche Biomédicale des Armées,
Etablissement Français du Sang, Marseille, France (Chung); Bureau de la veille sanitaire et de l’observation, Agence
de Régulation de l’Action Sanitaire et Sociale, Papeete, Tahiti, French Polynesia (Mapotoeke, White, Wattiaux, Mal-
let); Medical Entomology Laboratory, UMR 241 SECOPOL, Institut Louis Malardé, Paea, Tahiti, French Polynesia
(Bossin, Mathieu-Daudé); Environment and Infectious Risk Unit, Laboratory for Urgent Response to Biological
Threats, Institut Pasteur, Paris, France (Vanhomwegen, Manuguerra); Centre for Mathematical Modelling of Infec-
tious Diseases, London School of Hygiene & Tropical Medicine, London, United Kingdom (Kucharski).

JAMA Network Open | Infectious Diseases Social Mixing Patterns and Chikungunya Reemergence Risk in French Polynesia

JAMA Network Open. 2026;9(3):e262270. doi:10.1001/jamanetworkopen.2026.2270 (Reprinted) March 18, 2026 11/15

Downloaded from jamanetwork.com by guest on 04/01/2026

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2026.2270&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2026.2270
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2026.2270
mailto:mlormeau@ilm.pf


Author Contributions: Ms Chung and Dr Cao-Lormeau had full access to all of the data in the study and take
responsibility for the integrity of the data and the accuracy of the data analysis. Drs Kucharski and Cao-Lormeau
contributed equally.

Concept and design: Chung, Vanhomwegen, Kucharski, Cao-Lormeau.

Acquisition, analysis, or interpretation of data: Chung, Aubry, Teiti, Mapotoeke, White, Bossin, Mathieu-Daudé,
Dian, Paoaafaite, Wattiaux, Mallet, Manuguerra.

Drafting of the manuscript: Chung.

Critical review of the manuscript for important intellectual content: All authors.

Statistical analysis: Chung, White.

Obtained funding: Cao-Lormeau.

Administrative, technical, or material support: Aubry, Teiti, Dian, Paoaafaite, Wattiaux, Mallet, Vanhomwegen,
Manuguerra.

Supervision: Kucharski, Cao-Lormeau.

Conflict of Interest Disclosures: None reported.

Funding/Support: This study received financial support from the Délégation à la Recherche de la Polynésie
française (MATAEA–Convention No. 0355/MED/REC_29/05/2019), the Contrat de Projets État-Polynésie française
(MA’I’ORE–Arrêté No. HC/372/DIE/BPT_18/05/2018; Convention No. 03298/MTF/REC_17/05/2018) and from the
Agence nationale de recherches sur le sida–Maladies infectieuses émergentes (REASON–Grant No. 23464;
doctoral scholarship–Grant No. 23583).

Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Data Sharing Statement: See Supplement 2.

Additional Contributions: We would like to thank Sandrine Fernandes-Pellerin, PhD, and Nathalie Jolly, MEng, at
the Clinical Research Coordination Office of Institut Pasteur, France, for overseeing the MATAEA study ethical and
regulatory aspects. We are thankful to the municipal staff and guides on the surveyed islands for their dedicated
support in participant recruitment. We also want to thank Xavier de Lamballerie, PhD (Unité des virus émergents,
Aix-Marseille University, Università di Corsica, IRD 190, Inserm 1207, IRBA, EFS), for insightful comments on the
manuscript and Martin Paries, PhD (Laboratory of Research on Emerging Viral Diseases, Institut Louis Malardé), for
advice concerning data and figures. Finally, we sincerely thank all the participants who volunteered for each
serosurvey.

REFERENCES
1. Bartholomeeusen K, Daniel M, LaBeaud DA, et al. Chikungunya fever. Nat Rev Dis Primers. 2023;9(1):17. doi:10.
1038/s41572-023-00429-2

2. Richard V, Paoaafaite T, Cao-Lormeau VM. Vector competence of Aedes aegypti and Aedes polynesiensis
populations from French Polynesia for chikungunya virus. PLoS Negl Trop Dis. 2016;10(5):e0004694. doi:10.1371/
journal.pntd.0004694

3. Freppel W, Silva LA, Stapleford KA, Herrero LJ. Pathogenicity and virulence of chikungunya virus. Virulence.
2024;15(1):2396484. doi:10.1080/21505594.2024.2396484

4. Bettis AA, L’Azou Jackson M, Yoon IK, et al. The global epidemiology of chikungunya from 1999 to 2020:
A systematic literature review to inform the development and introduction of vaccines. PLoS Negl Trop Dis. 2022;
16(1):e0010069. doi:10.1371/journal.pntd.0010069

5. Bertolotti A, Thioune M, Abel S, et al; Chronic Chikungunya working group of University Medical Center of
Martinique. Prevalence of chronic chikungunya and associated risks factors in the French West Indies (La
Martinique): A prospective cohort study. PLoS Negl Trop Dis. 2020;14(3):e0007327. doi:10.1371/journal.pntd.
0007327

6. Ribeiro Dos Santos G, Jawed F, Mukandavire C, et al. Global burden of chikungunya virus infections and the
potential benefit of vaccination campaigns. Nat Med. 2025;31(7):2342-2349. doi:10.1038/s41591-025-03703-w

7. European Medicines Agency. Vimkunya chikungunya vaccine. Accessed July 2, 2025. https://www.ema.europa.
eu/en/medicines/human/EPAR/vimkunya

8. US Centers for Disease Control and prevention. Chikungunya vaccine information for healthcare providers.
Accessed July 2, 2025. https://www.cdc.gov/chikungunya/hcp/vaccines/index.html

9. Maure C, Khazhidinov K, Kang H, et al. Chikungunya vaccine development, challenges, and pathway toward
public health impact. Vaccine. 2024;42(26):126483. doi:10.1016/j.vaccine.2024.126483

JAMA Network Open | Infectious Diseases Social Mixing Patterns and Chikungunya Reemergence Risk in French Polynesia

JAMA Network Open. 2026;9(3):e262270. doi:10.1001/jamanetworkopen.2026.2270 (Reprinted) March 18, 2026 12/15

Downloaded from jamanetwork.com by guest on 04/01/2026

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2026.2270&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2026.2270
https://dx.doi.org/10.1038/s41572-023-00429-2
https://dx.doi.org/10.1038/s41572-023-00429-2
https://dx.doi.org/10.1371/journal.pntd.0004694
https://dx.doi.org/10.1371/journal.pntd.0004694
https://dx.doi.org/10.1080/21505594.2024.2396484
https://dx.doi.org/10.1371/journal.pntd.0010069
https://dx.doi.org/10.1371/journal.pntd.0007327
https://dx.doi.org/10.1371/journal.pntd.0007327
https://dx.doi.org/10.1038/s41591-025-03703-w
https://www.ema.europa.eu/en/medicines/human/EPAR/vimkunya
https://www.ema.europa.eu/en/medicines/human/EPAR/vimkunya
https://www.cdc.gov/chikungunya/hcp/vaccines/index.html
https://dx.doi.org/10.1016/j.vaccine.2024.126483


10. US Food and Drug Administration. FDA update on the safety of Ixchiq (Chikungunya Vaccine, Live). US Food
and Drug Administration. August 6, 2025. Accessed August 26, 2025. https://www.fda.gov/vaccines-blood-biologics/
safety-availability-biologics/fda-update-safety-ixchiq-chikungunya-vaccine-live

11. European Centre for Disease Prevention and Control. Chikungunya virus disease case notification rate per
100 000 population, January 2024-December 2024. February 3, 2025. Accessed July 2, 2025. https://www.ecdc.
europa.eu/en/publications-data/chikungunya-virus-disease-case-notification-rate-100-000-population-
january-2024

12. Pan American Health Organization. ARBO Portal. Accessed July 2, 2025. https://www.paho.org/en/
arbo-portal

13. Soumahoro MK, Boelle PY, Gaüzere BA, et al. The Chikungunya epidemic on La Réunion Island in 2005-2006:
a cost-of-illness study. PLoS Negl Trop Dis. 2011;5(6):e1197. doi:10.1371/journal.pntd.0001197

14. Gaüzère BA, Bohrer M, Drouet D, et al. Infection à virus Chikungunya à La Réunion en 2005–2006: formes
graves émergentes de l’adulte en réanimation. Reanimation. 2011;20(3):211-222. doi:10.1007/s13546-011-0261-z

15. Wahid B, Ali A, Rafique S, Idrees M. Global expansion of chikungunya virus: mapping the 64-year history. Int J
Infect Dis. 2017;58:69-76. doi:10.1016/j.ijid.2017.03.006

16. Cao-Lormeau VM, Musso D. Emerging arboviruses in the Pacific. Lancet. 2014;384(9954):1571-1572. doi:10.
1016/S0140-6736(14)61977-2

17. Aubry M, Kama M, Henderson AD, et al. Low chikungunya virus seroprevalence two years after emergence in
Fiji. Int J Infect Dis. 2020;90:223-225. doi:10.1016/j.ijid.2019.10.040

18. Aubry M, Teissier A, Roche C, et al. Chikungunya outbreak, French Polynesia, 2014. Emerg Infect Dis. 2015;21
(4):724-726. doi:10.3201/eid2104.141741

19. Nhan TX, Claverie A, Roche C, et al. Chikungunya virus imported into French Polynesia, 2014. Emerg Infect Dis.
2014;20(10):1773-1774. doi:10.3201/eid2010.141060

20. Aubry M, Cao-Lormeau VM. History of arthropod-borne virus infections in French Polynesia. New Microbes
New Infect. 2019;29:100513. doi:10.1016/j.nmni.2019.01.009

21. Bureau de veille sanitaire. Bulletin de surveillance sanitaire no.12. March 13, 2015. Accessed April 1, 2025. https://
www.pphsn.net/wp-content/uploads/2018/03/surv-PF-sem12-2015.pdf

22. Aubry M, Teissier A, Huart M, et al. Seroprevalence of dengue and chikungunya virus antibodies, French
Polynesia, 2014-2015. Emerg Infect Dis. 2018;24(3):558-561. doi:10.3201/eid2403.171149

23. Frumence E, Piorkowski G, Traversier N, et al; Chikungunya genomics diagnostic laboratory network;
Chikungunya genomics diagnostic laboratory network. Genomic insights into the re-emergence of chikungunya
virus on Réunion Island, France, 2024 to 2025. Euro Surveill. 2025;30(22):2500344. doi:10.2807/1560-7917.ES.
2025.30.22.2500344

24. Santé publique France. Surveillance épidémiologique du chikungunya. Accessed June 1, 2025. https://www.
santepubliquefrance.fr/regions/ocean-indien/documents/bulletin-regional/2025/chikungunya-a-la-
reunion.-bulletin-du-25-juin-2025

25. Agence Régionale de Santé Mayotte. Bulletin d’information. June 20, 2025. Accessed June 20, 2025. https://
www.mayotte.ars.sante.fr/system/files/2025-06/BIC%20Chikungunya%20%286%29.pdf

26. Santé publique France. Chikungunya, dengue, Zika et West Nile en France hexagonale. Bulletin de la
surveillance renforcée du 17 septembre 2025. Accessed September 17, 2025. https://www.santepubliquefrance.fr/
maladies-et-traumatismes/maladies-a-transmission-vectorielle/chikungunya/documents/bulletin-
national/chikungunya-dengue-zika-et-west-nile-en-france-hexagonale.-bulletin-de-la-surveillance-
renforcee-du-17-septembre-2025

27. Salje H, Lessler J, Paul KK, et al. How social structures, space, and behaviors shape the spread of infectious
diseases using chikungunya as a case study. Proc Natl Acad Sci U S A. 2016;113(47):13420-13425. doi:10.1073/pnas.
1611391113

28. Stoddard ST, Forshey BM, Morrison AC, et al. House-to-house human movement drives dengue virus
transmission. Proc Natl Acad Sci U S A. 2013;110(3):994-999. doi:10.1073/pnas.1213349110

29. Reiner RC Jr, Stoddard ST, Scott TW. Socially structured human movement shapes dengue transmission
despite the diffusive effect of mosquito dispersal. Epidemics. 2014;6:30-36. doi:10.1016/j.epidem.2013.12.003

30. Institut de la Statistique de la Polynésie Française. Code géographique. Accessed April 1, 2025. https://www.
ispf.pf/ispf/referentiels

31. Institut de la statistique de Polynésie française. Polynésie française en bref 2023. Accessed March 1, 2025.
https://www.ispf.pf/content//uploads/POLYNESIE_EN_BREF_2023_2_b54ebee93e.pdf

JAMA Network Open | Infectious Diseases Social Mixing Patterns and Chikungunya Reemergence Risk in French Polynesia

JAMA Network Open. 2026;9(3):e262270. doi:10.1001/jamanetworkopen.2026.2270 (Reprinted) March 18, 2026 13/15

Downloaded from jamanetwork.com by guest on 04/01/2026

https://www.fda.gov/vaccines-blood-biologics/safety-availability-biologics/fda-update-safety-ixchiq-chikungunya-vaccine-live
https://www.fda.gov/vaccines-blood-biologics/safety-availability-biologics/fda-update-safety-ixchiq-chikungunya-vaccine-live
https://www.ecdc.europa.eu/en/publications-data/chikungunya-virus-disease-case-notification-rate-100-000-population-january-2024
https://www.ecdc.europa.eu/en/publications-data/chikungunya-virus-disease-case-notification-rate-100-000-population-january-2024
https://www.ecdc.europa.eu/en/publications-data/chikungunya-virus-disease-case-notification-rate-100-000-population-january-2024
https://www.paho.org/en/arbo-portal
https://www.paho.org/en/arbo-portal
https://dx.doi.org/10.1371/journal.pntd.0001197
https://dx.doi.org/10.1007/s13546-011-0261-z
https://dx.doi.org/10.1016/j.ijid.2017.03.006
https://dx.doi.org/10.1016/S0140-6736(14)61977-2
https://dx.doi.org/10.1016/S0140-6736(14)61977-2
https://dx.doi.org/10.1016/j.ijid.2019.10.040
https://dx.doi.org/10.3201/eid2104.141741
https://dx.doi.org/10.3201/eid2010.141060
https://dx.doi.org/10.1016/j.nmni.2019.01.009
https://www.pphsn.net/wp-content/uploads/2018/03/surv-PF-sem12-2015.pdf
https://www.pphsn.net/wp-content/uploads/2018/03/surv-PF-sem12-2015.pdf
https://dx.doi.org/10.3201/eid2403.171149
https://dx.doi.org/10.2807/1560-7917.ES.2025.30.22.2500344
https://dx.doi.org/10.2807/1560-7917.ES.2025.30.22.2500344
https://www.santepubliquefrance.fr/regions/ocean-indien/documents/bulletin-regional/2025/chikungunya-a-la-reunion.-bulletin-du-25-juin-2025
https://www.santepubliquefrance.fr/regions/ocean-indien/documents/bulletin-regional/2025/chikungunya-a-la-reunion.-bulletin-du-25-juin-2025
https://www.santepubliquefrance.fr/regions/ocean-indien/documents/bulletin-regional/2025/chikungunya-a-la-reunion.-bulletin-du-25-juin-2025
https://www.mayotte.ars.sante.fr/system/files/2025-06/BIC%20Chikungunya%20%286%29.pdf
https://www.mayotte.ars.sante.fr/system/files/2025-06/BIC%20Chikungunya%20%286%29.pdf
https://www.santepubliquefrance.fr/maladies-et-traumatismes/maladies-a-transmission-vectorielle/chikungunya/documents/bulletin-national/chikungunya-dengue-zika-et-west-nile-en-france-hexagonale.-bulletin-de-la-surveillance-renforcee-du-17-septembre-2025
https://www.santepubliquefrance.fr/maladies-et-traumatismes/maladies-a-transmission-vectorielle/chikungunya/documents/bulletin-national/chikungunya-dengue-zika-et-west-nile-en-france-hexagonale.-bulletin-de-la-surveillance-renforcee-du-17-septembre-2025
https://www.santepubliquefrance.fr/maladies-et-traumatismes/maladies-a-transmission-vectorielle/chikungunya/documents/bulletin-national/chikungunya-dengue-zika-et-west-nile-en-france-hexagonale.-bulletin-de-la-surveillance-renforcee-du-17-septembre-2025
https://www.santepubliquefrance.fr/maladies-et-traumatismes/maladies-a-transmission-vectorielle/chikungunya/documents/bulletin-national/chikungunya-dengue-zika-et-west-nile-en-france-hexagonale.-bulletin-de-la-surveillance-renforcee-du-17-septembre-2025
https://dx.doi.org/10.1073/pnas.1611391113
https://dx.doi.org/10.1073/pnas.1611391113
https://dx.doi.org/10.1073/pnas.1213349110
https://dx.doi.org/10.1016/j.epidem.2013.12.003
https://www.ispf.pf/ispf/referentiels
https://www.ispf.pf/ispf/referentiels
https://www.ispf.pf/content//uploads/POLYNESIE_EN_BREF_2023_2_b54ebee93e.pdf


32. Bodet C, Mignard E, Pasquier J. Le recensement de la population en Polynésie française en 2022. Accessed
February 3, 2026. https://www.ispf.pf/publication/1396

33. Cao-Lormeau VM, Blake A, Mons S, et al. Guillain-Barré syndrome outbreak associated with Zika virus infection
in French Polynesia: a case-control study. Lancet. 2016;387(10027):1531-1539. doi:10.1016/S0140-6736(16)
00562-6

34. Teiti I, Aubry M, Fernandes-Pellerin S, et al. Unravelling the determinants of human health in French Polynesia:
the MATAEA project. Front Epidemiol. 2023;3:1201038. doi:10.3389/fepid.2023.1201038

35. Sjoberg DD, Larmarange J, Curry M, et al. gtsummary: Presentation-ready data summary and analytic result
tables. May 10, 2019. Accessed February 4, 2026. https://cran.r-project.org/web/packages/gtsummary/
index.html

36. Lumley T, Gao P, Schneider B. survey: Analysis of complex survey samples. January 23, 2003. Accessed
February 4, 2026. https://cran.r-project.org/web/packages/survey/index.html

37. Van Buuren S, Groothuis-Oudshoorn K. mice: Multivariate imputation by chained equations. April 4, 2006.
Accessed February 4, 2026. https://cran.r-project.org/web/packages/mice/index.html

38. Institut de la statistique de la Polynésie française. Démographie de la Polynésie française. Accessed January 1,
2025. https://www.data.gouv.fr/datasets/demographie-de-la-polynesie-francaise

39. Institut de la statistique de Polynésie française. Bilan démographique 2024. Accessed May 18, 2025. https://
www.ispf.pf/publication/1482

40. Funk S, Willem L, Gruson H. socialmixr: Social mixing matrices for infectious disease modelling. January 8,
2018. Accessed February 4, 2026. https://cran.r-project.org/web/packages/socialmixr/index.html

41. Mossong J, Hens N, Jit M, et al. Social contacts and mixing patterns relevant to the spread of infectious
diseases. PLoS Med. 2008;5(3):e74. doi:10.1371/journal.pmed.0050074

42. Prem K, Zandvoort KV, Klepac P, et al; Centre for the Mathematical Modelling of Infectious Diseases COVID-19
Working Group. Projecting contact matrices in 177 geographical regions: An update and comparison with empirical
data for the COVID-19 era. PLoS Comput Biol. 2021;17(7):e1009098. doi:10.1371/journal.pcbi.1009098

43. Kucharski AJ, Kwok KO, Wei VWI, et al. The contribution of social behaviour to the transmission of influenza A
in a human population. PLoS Pathog. 2014;10(6):e1004206. doi:10.1371/journal.ppat.1004206

44. Gupte P, Van Leeuwen E, Kucharski A. finalsize: Calculate the final size of an epidemic. December 5, 2022.
Accessed February 4, 2026. https://cran.r-project.org/web/packages/finalsize/index.html

45. Martin AD, Quinn KM, Park JH. MCMCpack: Markov chain Monte Carlo (MCMC) package. February 21, 2003.
Accessed February 4, 2026. https://cran.r-project.org/web/packages/MCMCpack/index.html

46. Gupte P, Van Leeuwen E, Kucharski A. Projecting re-emergence risk after waning or new births. Accessed April
1, 2025. https://epiverse-trace.github.io/finalsize/articles/demographic_turnover.html

47. Cao-Lormeau VM, Roche C, Musso D, et al. Dengue virus type 3, South Pacific Islands, 2013. Emerg Infect Dis.
2014;20(6):1034-1036. doi:10.3201/eid2006.131413

48. Aubry M, Teissier A, Huart M, et al. Zika virus seroprevalence, French Polynesia, 2014-2015. Emerg Infect Dis.
2017;23(4):669-672. doi:10.3201/eid2304.161549

49. Sissoko D, Moendandze A, Malvy D, et al. Seroprevalence and risk factors of chikungunya virus infection in
Mayotte, Indian Ocean, 2005-2006: a population-based survey. PLoS One. 2008;3(8):e3066. doi:10.1371/journal.
pone.0003066

50. Asaga Mac P, Tadele M, Nisansala T, Airiohuodion PE, Babalola CM, Anyaike C. An undetected expansion,
spread, and burden of chikungunya and dengue cocirculating antibodies in Nigeria. Zoonotic Dis. 2024;4(3):
201-213. doi:10.3390/zoonoticdis4030018

51. Payyappilly RJ, Karunakaran U, Kumar NP. Gender based dimorphism in host response to viral infection: Two
interesting epidemiological trends observed during Chikungunya outbreak in Kerala. J Int Med Dent. 2017;4
(1):27-36.

52. Aubry M, Finke J, Teissier A, et al. Seroprevalence of arboviruses among blood donors in French Polynesia,
2011-2013. Int J Infect Dis. 2015;41:11-12. doi:10.1016/j.ijid.2015.10.005

53. Liu J, Deng Y, Jing Q, et al. Dengue infection spectrum in Guangzhou: a cross-sectional seroepidemiology study
among community residents between 2013 and 2015. Int J Environ Res Public Health. 2018;15(6):1227. doi:10.
3390/ijerph15061227

54. de Jesus Santos T, de Araújo KCGM, Góes MAO, et al. Spatial and temporal dynamics of chikungunya incidence
in Brazil and the impact of social vulnerability: a population-based and ecological study. Diseases. 2024;12(7):135.
doi:10.3390/diseases12070135

JAMA Network Open | Infectious Diseases Social Mixing Patterns and Chikungunya Reemergence Risk in French Polynesia

JAMA Network Open. 2026;9(3):e262270. doi:10.1001/jamanetworkopen.2026.2270 (Reprinted) March 18, 2026 14/15

Downloaded from jamanetwork.com by guest on 04/01/2026

https://www.ispf.pf/publication/1396
https://dx.doi.org/10.1016/S0140-6736(16)00562-6
https://dx.doi.org/10.1016/S0140-6736(16)00562-6
https://dx.doi.org/10.3389/fepid.2023.1201038
https://cran.r-project.org/web/packages/gtsummary/index.html
https://cran.r-project.org/web/packages/gtsummary/index.html
https://cran.r-project.org/web/packages/survey/index.html
https://cran.r-project.org/web/packages/mice/index.html
https://www.data.gouv.fr/datasets/demographie-de-la-polynesie-francaise
https://www.ispf.pf/publication/1482
https://www.ispf.pf/publication/1482
https://cran.r-project.org/web/packages/socialmixr/index.html
https://dx.doi.org/10.1371/journal.pmed.0050074
https://dx.doi.org/10.1371/journal.pcbi.1009098
https://dx.doi.org/10.1371/journal.ppat.1004206
https://cran.r-project.org/web/packages/finalsize/index.html
https://cran.r-project.org/web/packages/MCMCpack/index.html
https://epiverse-trace.github.io/finalsize/articles/demographic_turnover.html
https://dx.doi.org/10.3201/eid2006.131413
https://dx.doi.org/10.3201/eid2304.161549
https://dx.doi.org/10.1371/journal.pone.0003066
https://dx.doi.org/10.1371/journal.pone.0003066
https://dx.doi.org/10.3390/zoonoticdis4030018
https://journals.indexcopernicus.com/api/file/viewByFileId/384902
https://journals.indexcopernicus.com/api/file/viewByFileId/384902
https://dx.doi.org/10.1016/j.ijid.2015.10.005
https://dx.doi.org/10.3390/ijerph15061227
https://dx.doi.org/10.3390/ijerph15061227
https://dx.doi.org/10.3390/diseases12070135


55. Power GM, Vaughan AM, Qiao L, et al. Socioeconomic risk markers of arthropod-borne virus (arbovirus)
infections: a systematic literature review and meta-analysis. BMJ Glob Health. 2022;7(4):e007735. doi:10.1136/
bmjgh-2021-007735

56. Koyadun S, Butraporn P, Kittayapong P. Ecologic and sociodemographic risk determinants for dengue
transmission in urban areas in Thailand. Interdiscip Perspect Infect Dis. 2012;2012:907494. doi:10.1155/2012/
907494

57. Buckee C, Noor A, Sattenspiel L. Thinking clearly about social aspects of infectious disease transmission.
Nature. 2021;595(7866):205-213. doi:10.1038/s41586-021-03694-x

58. Riou J, Poletto C, Boëlle PY. A comparative analysis of Chikungunya and Zika transmission. Epidemics. 2017;
19:43-52. doi:10.1016/j.epidem.2017.01.001

59. Loevinsohn G, Paulino CT, Spring J, et al. Chikungunya outbreak risks after the 2014 outbreak, Dominican
Republic. Emerg Infect Dis. 2024;30(12):2679-2683. doi:10.3201/eid3012.240824

60. Haider N, Vairo F, Ippolito G, Zumla A, Kock RA. Basic reproduction number of chikungunya virus transmitted
by Aedes mosquitoes. Emerg Infect Dis. 2020;26(10):2429-2431. doi:10.3201/eid2610.190957

61. Cauchemez S, Ledrans M, Poletto C, et al. Local and regional spread of chikungunya fever in the Americas. Euro
Surveill. 2014;19(28):20854. doi:10.2807/1560-7917.ES2014.19.28.20854

62. Gérardin P, Guernier V, Perrau J, et al. Estimating chikungunya prevalence in La Réunion Island outbreak by
serosurveys: two methods for two critical times of the epidemic. BMC Infect Dis. 2008;8:99. doi:10.1186/1471-
2334-8-99

63. Gallian P, Leparc-Goffart I, Richard P, et al. Epidemiology of Chikungunya Virus Outbreaks in Guadeloupe and
Martinique, 2014: An Observational Study in Volunteer Blood Donors. PLoS Negl Trop Dis. 2017;11(1):e0005254.
doi:10.1371/journal.pntd.0005254

64. Pérez-Pérez J, Peña-García VH, Calle-Tobón A, et al. Entomovirological surveillance in schools: are they a
source for arboviral diseases transmission? Int J Environ Res Public Health. 2021;18(11):6137. doi:10.3390/
ijerph18116137

65. Dalvi APR, Gibson G, Ramos AN Jr, et al. Sociodemographic and environmental factors associated with
dengue, Zika, and chikungunya among adolescents from two Brazilian capitals. PLoS Negl Trop Dis. 2023;17(3):
e0011197. doi:10.1371/journal.pntd.0011197

66. Ratanawong P, Kittayapong P, Olanratmanee P, et al. Spatial variations in dengue transmission in schools in
Thailand. PLoS One. 2016;11(9):e0161895. doi:10.1371/journal.pone.0161895

SUPPLEMENT 1.
eMethods.
eTable 1. Basic Reproduction Number (R0) Estimates and Model Fit for French Polynesia Applying Empirical and
Synthetic Contact Matrices
eTable 2. Estimated Effective Reproduction Numbers (Reff) Based on Empirical and Synthetic Contact Matrices
eTable 3. Risk Factors Associated With CHIKV Seropositivity in Full Univariate and Multivariable Logistic
Regression Models
eFigure 1. Infection Rate Estimates per Age Group for the 2014-2015 CHIKV Outbreak (Empirical Matrices)
eFigure 2. Infection Rate Estimates per Age Group for the 2014-2015 CHIKV Outbreak (Synthetic Matrices)
eFigure 3. Bootstrap Distribution of Basic Reproduction Number (R0) Estimates for Country-Specific Contact
Matrix
eFigure 4. Bootstrap Distribution of Maximized Log-Likelihood for Country-Specific Contact Matrix

SUPPLEMENT 2.
Data Sharing Statement

JAMA Network Open | Infectious Diseases Social Mixing Patterns and Chikungunya Reemergence Risk in French Polynesia

JAMA Network Open. 2026;9(3):e262270. doi:10.1001/jamanetworkopen.2026.2270 (Reprinted) March 18, 2026 15/15

Downloaded from jamanetwork.com by guest on 04/01/2026

https://dx.doi.org/10.1136/bmjgh-2021-007735
https://dx.doi.org/10.1136/bmjgh-2021-007735
https://dx.doi.org/10.1155/2012/907494
https://dx.doi.org/10.1155/2012/907494
https://dx.doi.org/10.1038/s41586-021-03694-x
https://dx.doi.org/10.1016/j.epidem.2017.01.001
https://dx.doi.org/10.3201/eid3012.240824
https://dx.doi.org/10.3201/eid2610.190957
https://dx.doi.org/10.2807/1560-7917.ES2014.19.28.20854
https://dx.doi.org/10.1186/1471-2334-8-99
https://dx.doi.org/10.1186/1471-2334-8-99
https://dx.doi.org/10.1371/journal.pntd.0005254
https://dx.doi.org/10.3390/ijerph18116137
https://dx.doi.org/10.3390/ijerph18116137
https://dx.doi.org/10.1371/journal.pntd.0011197
https://dx.doi.org/10.1371/journal.pone.0161895

