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HIGHLIGHTS:  

 VZV infection causes a substantial burden in Caribbean island populations  

 In Caribbean Netherlands, VZV susceptibility was still 20% after 30 years of age  

 Highest odds for VZV-seronegativity were seen in those originating from the islands  

 As data are scarce, these findings can serve as a blueprint for tropical regions  

 Routine varicella vaccination is recommended to reduce its burden in these regions  
 

ABSTRACT: 

 

Objectives: In Caribbean island populations, varicella-zoster virus (VZV) infection is reported regularly 

among adolescents and adults. Among them, disease more often runs a severe course, causing a 

substantial burden in these populations. This seroepidemiological study aimed to obtain insight into VZV 

susceptibility and its determinants in island populations of Caribbean Netherlands (CN). 

Methods: Participants from Bonaire, St. Eustatius and Saba (n=1,829, aged 0-90 years) donated a blood 

sample and completed a questionnaire. VZV-specific IgG antibodies were determined using a bead-

based multiplex-immunoassay. Risk factors were analyzed using a logistic regression model. 

Results: Overall seroprevalence in CN was 78%, being lowest on St. Eustatius (73%) and highest on 

Bonaire and Saba (79%). Seropositivity increased gradually with age, with 60% and 80% at ages 10 and 

30 years, respectively, and ranging between 80-90% thereafter. Higher odds for VZV-seronegativity were 

seen among persons who were born in CN or resided there since early childhood, and among single-

person households. 
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Conclusions: VZV susceptibility is relatively high among adolescents and adults in CN. In order to reduce 

the burden of VZV-related disease in these populations, routine varicella vaccination is recommended. 

As data are scarce, our findings can serve as a blueprint for the epidemiology in tropical regions. 

 

KEYWORDS: varicella-zoster virus; seroepidemiology; vaccination; chickenpox; herpes zoster; Caribbean 

islands 

 

INTRODUCTION 

 

Varicella-zoster virus (VZV) is a highly contagious herpes virus transmitted from person-to-person by 

direct contact or inhalation of aerosols. Primary infection with VZV causes varicella (chickenpox), a rash-

like illness that confers immunity for life (Gershon et al., 2015, Heininger and Seward, 2006). Following 

primary infection, the virus remains dormant in sensory nerve ganglia. Viral reactivation, typically above 

age 50 years, leads to herpes-zoster (shingles) (Herman et al., 2016). Although varicella is usually a mild 

and self-limiting disease when acquired in childhood, the risk of severe complications – such as 

cerebellar ataxia, encephalitis and pneumonia – increases with age and can lead to hospitalization and 

death (Gershon et al., 2015). Global estimated annual disease burden due to varicella is substantial with 

140 million cases, 4.2 million severe complications and 4,200 related deaths (World Health Organization 

(WHO), 2014). VZV dynamics vary globally. In temperate climates, like most European countries, an 

apparent seasonality in varicella cases is noted (mostly during winter and spring) and 90% of people are 

infected before adolescence (World Health Organization (WHO), 2014). In tropical regions this 

seasonality is less pronounced, and due to a higher proportion of susceptible adolescents and adults, 

acquisition of infection occurs at older ages with varicella-related complications being reported more 

often (Avila-Aguero et al., 2018, Lee, 1998, Lolekha et al., 2001, Masuet-Aumatell et al., 2013, World 
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Health Organization (WHO), 2014). Other groups with particularly high risk of severe complications 

include immunocompromised persons as well as pregnant women and their offspring in whom 

congenital varicella syndrome (during gestation) or neonatal varicella (in newborns) may develop 

(Gershon et al., 2015). 

 

Immunization with vaccines using live attenuated VZV is highly effective against all varicella disease 

(pooled vaccine effectiveness 81% (confidence interval (CI): 78-84) for one dose and 92% (CI: 88-95) for 

two doses) and most likely long-lasting (Marin et al., 2016). Hence, the World Health Organization 

(WHO) recommends routine varicella vaccination programs in countries with significant public health 

burden of varicella that are able to reach and maintain ≥80% vaccine coverage (World Health 

Organization (WHO), 2014). As of 2018, almost half of the countries in Latin America and the Caribbean 

have benefited substantially from lower disease burden due to introduction of VZV vaccination – with 

coverage ranging between 74-91% (Avila-Aguero et al., 2018, Wutzler et al., 2017). Varicella vaccination 

has not been included in the National Immunization Program in the island populations of Caribbean 

Netherlands (CN). Varicella is reported regularly among adolescents and adults in CN (Hanssen et al., 

2015). In 2017 (prior to this study), Saba was confronted with an outbreak of VZV that affected over 

12.5% of its population (estimated varicella cases: minimally 250), causing substantial restlessness on 

the island (Hulshof and Koot). Patients included infants, pregnant women and elderly, of which some 

had to be admitted to the hospital on the nearby island of St. Maarten due to severe complications. 

 

Seroepidemiological data enable studying VZV dynamics in the population in terms of past infection and 

susceptibility among certain groups, and can be useful for vaccination policy. By means of our cross-

sectional population-based seroepidemiological study conducted in 2017, we are able to examine the 
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age-specific VZV seroprevalence and determinants for seronegativity in CN for the first time. These 

findings will be of value for (island) populations with similar dynamics that consider varicella vaccination 

 

METHODS 

 

Study population and design 

A large representative biobank was established in CN in mid-2017 by means of the Health Study 

Caribbean Netherlands. Detailed description of the study design, data collection and inclusion have been 

reported previously (Verberk et al., 2019). Shortly, on Bonaire, St. Eustatius and Saba a random sample 

was drawn from the population registry (PIVA-V, January 1, 2017) and stratified by age with strata 0-11, 

12-17, 18-34, 35-59 and 60-89 years. In total, 7,768 persons were invited (Bonaire n=4,667; St. Eustatius 

n=2,062 and Saba n=1,039) (Verberk et al., 2019). Participants were asked to donate a blood sample – 

via a finger- or heel prick collected on air-dried filter paper (Whatman® 903 protein saver cards) using 

the dried blood spot method (DBS) – and to complete a questionnaire containing questions, among 

others, about (sociodemographic) characteristics possibly related to VZV infection. Additionally, 

participants were requested to bring their vaccination certificate to check for possible VZV vaccination 

abroad. All procedures performed were in accordance with the 1964 Declaration of Helsinki and its later 

amendments. The study protocol was approved by the Medical Ethics Committee Noord-Holland (METC-

number: M015-022), and signed informed consent was obtained from all participants ≥ 12 years of age 

as well as of parents or legal guardians of minors (< 18 years of age) prior to participation. 

 

Laboratory methods 

DBS-samples were air-shipped to the laboratory of the National Institute for Public Health and the 

Environment in the Netherlands after the fieldwork, and stored directly at -80°C. Serological testing for 
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VZV-specific IgG antibodies was performed with a fluorescent bead-based multiplex-immunoassay using 

Luminex technology (Smits et al., 2012). Via standard protocol, 3.2mm (1/8-inch) DBS were punched out 

of the filter paper and incubated in 300µl phosphate-buffered saline containing 0.1% Tween-20 and 3% 

bovine serum albumin (i.e., assay buffer) at 4°C overnight on a shaker to release serum (resulting in a 

1:200 dilution) (Clinical and Laboratory Standards Institute (CLSI), 2013, Mei et al., 2001). Sera were then 

further diluted to 1:4,000 in assay buffer. VZV-strain VZ-10 (GenWay, San Diego, CA) was coated to the 

beads and R-Phycoerythrin anti-human IgG was used as conjugate. All data were transformed into 

international units per mL (IU/mL) using the international standard for rubella (RUBI-1-94) that was 

calibrated against the international standard for VZV (as described in (Smits et al., 2012)). As there is no 

universal consensus on a cut-off for protection, an antibody concentration of ≥ 0.26 IU/mL was 

considered seropositive, following a previous analysis on a large representative cohort in the 

Netherlands which had been measured in the same laboratory (van Lier et al., 2013). As a validation of 

the applied cut-off for the present data, mixture modeling was also performed and provided similar 

result (data not shown). 

 

Data analysis 

Seroprevalence and GMC 

Data were analysed in SAS v.9.4 (SAS Institute Inc., USA), R v.3.6 and Stan v.2.18.2. P values of < 0.05 

were considered statistically significant. Overall seroprevalence and geometric mean concentrations 

(GMC) for VZV-specific IgG antibodies were weighted, taking into account island, sex, age group, country 

of birth (and for Bonaire neighbourhood too), to match the population distribution (as of January 1, 

2017). Dissimilarities in overall seroprevalence between islands, sex and ethnicity were identified by 

estimating the parameters of the beta distribution for these rates, using the methods of moments 

(Bickel and Doksum, 2001). Thereafter, Monte Carlo simulations of these seroprevalence estimates were 
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used to calculate risk ratios, 95% CI, and p values. Differences in overall GMC between islands, sex and 

ethnicity were determined by calculating the difference in natural logarithmic (ln-)concentrations and 

tested by means of a t-test. Smoothed age-specific seroprevalence and GMC (with 95% CI) estimates 

were obtained for CN, and stratified by island, sex and ethnicity, using Bayesian penalized splines (Lang 

and Brezger, 2004). Specifically, the logit-transformed prevalence and ln-transformed GMC were 

modelled with cubic splines taking 19 equally-spaced knots on the age range (0-90 years). After 

preliminary testing of different alternatives (using WAIC), the Bayesian Lasso with Inverse-gamma (1, 

0.005) prior distribution for the variance parameter was used in all analyses. 

 

Risk factors for VZV-seronegativity 

A logistic regression model was used to identify risk factors for VZV-seronegativity among participants 

with a blood sample and questionnaire data for the studied variables, and excluding those vaccinated 

against varicella. Potential risk factors that were investigated included: island, age group, sex, ethnicity, 

resident of CN since age, (maternal) educational level, household size, having a child in the household, 

attendance of day care/nursery school of a child in the household, and number of social contacts (note: 

participants with a missing value for a specific variable were allocated to a missing category, hence a full 

case analysis could be applied). For all variables, unweighted VZV seroprevalence and 95% CIs were 

estimated. Crude odds ratios (OR) in univariate analyses were a priori adjusted for age and sex thereby 

taking into account the survey design (van Lier et al., 2013). Besides age and sex, variables with p < 0.10 

in univariate analyses were included in the multivariate analysis. Backward selection (manually dropping 

variables one-by-one) was applied to detect risk factors that were associated with VZV-seronegativity 

based on a p < 0.05. Adjusted ORs, corresponding 95% CIs, and an adjusted R2 (as goodness-of-fit) were 

provided. 
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Validity of self-reported VZV-history 

The validity of self-reported history of VZV disease was assessed. Reports were compared to the 

serological results. Vaccinated participants and those with missing values for history of VZV disease were 

excluded from the analysis. Persons uncertain about their history were combined with those who did 

not have a history on VZV disease. Sensitivity, specificity, positive predictive value (PPV, proportion of 

people who were seropositive among those self-reporting to have a positive history of VZV disease), and 

negative predictive value (NPV, proportion of people who were seronegative among those self-reporting 

to have a negative or uncertain history of VZV disease) were determined. 

 

RESULTS 

 

Study characteristics 

Study characteristics have been reported in-depth previously (Verberk et al., 2019). In short, of the 

1,900 persons included (response rate 24.5%), 1,829 participants aged 3 months to 90 years, donated a 

blood sample and filled out the questionnaire. There were slightly more women (1,005 (55%) than men 

(824 (45%), and most participants resided on Bonaire (n=1,129 (62%)), followed by St. Eustatius (n=477 

(26%)) and Saba (n=223 (12%)) – in accordance to their population size (Table1). The vast majority 

originated from the Dutch overseas territories – comprising CN, Aruba, Curaçao and St. Maarten – and 

Suriname (henceforth (former) overseas territories) (n=1,312, 72%), followed by Latin America and 

other non-Western countries (henceforth Latin America) (n=281, 15%), and indigenous Dutch & other 

Western countries (henceforth Western) (n=223, 12%) (n=13 (1%) missing). Over half (n=924, 51%) self-

reported to have had chickenpox (vs. not: 697 (38%), uncertain: 122 (7%), and missing: 86 (5%)), and, 

(obtained) from age 12 years, 77 (6%) self-reported to have had shingles (vs. not: 1,133 (82%), 
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uncertain: 95 (7%), and missing: 75 (5%). Seven participants were vaccinated against varicella (n=4 once 

and n=3 twice). 

 

Seroprevalence and GMC 

The overall weighted seroprevalence of VZV-specific IgG antibodies in the general population of CN was 

78.0% (95% CI 75.7-80.3), with an overall GMC of 0.77 IU/mL (95% CI 0.72-0.83) (Table2). 

Seroprevalence and GMC was lowest on St. Eustatius (72.7%, 0.61 IU/mL, respectively), and differed 

considerably from Bonaire (seroprevalence: 78.8%, p=0.02; GMC: 0.79 IU/mL, p=0.003) and Saba 

(seroprevalence: 79.2%, p=0.11; GMC: 0.89 IU/mL, p=0.002). Between sexes, seroprevalence and GMC 

did not differ significantly in CN as well as on each island. Seroprevalence and GMC were dissimilar 

between participants from different ethnic backgrounds in CN, with lowest seroprevalence among 

people from the (former) overseas territories with 70.7%, followed by Latin America (87.7%), and was 

highest in Western with 94.8% (all p values (also between GMCs) <0.05). 

 

Up till 12 months of age (ntotal=17), only one participant (aged 7 months) was VZV-seropositive in CN. 

After age one year, seroprevalence increased steadily to 40% at 5 years, and to 60% at 10 years, with 

corresponding rise in GMC to 0.60 IU/mL (Figure1). Thereafter, seropositivity inclined gradually with age, 

nearly reaching 70% at age 20 years, rising further to 80% and 90% at age 30 and 40 years, respectively. 

From there it remained rangebound between 80-90% until age 90 years. Likewise, GMC increased 

progressively with age, and was highest in the oldest age groups, approaching 1.70 IU/mL. No 

differences with age were observed between men and women in terms of seroprevalence and GMC. 

 

Similar age patterns in seroprevalence and GMC were observed on Bonaire and Saba (Figure2). A 

seroprevalence of 50% was reached before age 5 years on both islands, of 70% around age 10 years, and 
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after remaining constant for 15 years it slowly increased further from age 25 years corresponding to the 

age pattern in CN. On St. Eustatius, conversely, seroprevalence in children increased far slower as it only 

reached 50% in those aged 10 years, 60% in 20-years-olds, and 70% at age 25 years. From this age 

onwards, the pattern was similar to the other islands. 

 

Age patterns in seroprevalence were remarkably different between the three ethnic groups (Figure3). In 

Western, seroprevalence rose quickly to almost 90% in 10-year-olds, and from age 35 years it reached 

95% and remained above that level. In Latin American and people from the (former) overseas territories, 

seropositivity levels were around 60% at 10 years of age. In Latin American this gradually inclined to 80% 

at age 25 years and to 90% and above from 35 years of age – with exception of those around 60 years 

being just below that level. In persons from the (former) overseas territories a seroprevalence of 80% 

was only just reached at age 35 years, and from there it remained rangebound between 75-90% until 90 

years of age. 

 

Risk factors for VZV-seronegativity 

Table3 displays the risk factor analysis for VZV IgG-seronegativity among the total unvaccinated (for 

VZV) study population (n=1,809). The percentage of missing values ranged between 0.7-11.7%. In 

multivariate analysis, highest odds for VZV seronegativity were seen for the youngest age group 0-4 

years (vs. ≥ 40), which gradually declined with older age. People originating from the (former) overseas 

territories and Latin America had substantial higher odds as compared to Western. Those living on St. 

Eustatius (vs. Bonaire) as well as persons who resided in CN since birth or up till 5 years of age also 

displayed higher odds for being VZV-seronegative as compared to those who resided on the islands 

later. Finally, a single-person household (vs. ≥6-persons household) was also found to be a risk factor for 

VZV-seronegativity. The adjusted R2 of the multivariate model amounted to 0.253. 
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Validity of self-reported VZV-history 

A total of 1,739 VZV-unvaccinated participants had serological results and reported their history of VZV 

disease (Table4). PPV was high in the total population (91.5%; NPV = 51.8%; sensitivity = 69.0%; and 

specificity = 83.8%) as well as among all age groups, being highest in age group 18-39 years (95.7%) and 

lowest in 0-17 years (88.4%): this means that the majority of persons who self-reported to have a history 

of VZV disease were indeed seropositive. NPV declined substantially with age from 74.0% in age group 

0-17 year, to 48.2% in 18-39 years and 23.0% in those ≥ 40 years. Sensitivity and specificity were similar 

for age groups 0-17 and 18-39 years and lowest for age group ≥40 years. 

 

DISCUSSION 

 

By means of a representative cross-sectional population-based serosurveillance study we have 

estimated the VZV seroprevalence and determined possible risk factors for seronegativity in these 

unvaccinated Caribbean island populations for the first time. Overall seroprevalence was 78%, and was 

lower on St. Eustatius (73%) as compared to Bonaire and Saba (both 79%). Saba was confronted with a 

large varicella outbreak that ended shortly before the start of this study in 2017. Importantly, unlike 

populations in temperate climates, seroprevalence in CN increased gradually with age. Hence, relative 

high susceptibility was observed among adolescents and adults (e.g., still 20% in 30-year-olds) which 

increases the risk of serious complications, and this was most pronounced in people originating from the 

(former) overseas territories and people who resided on the islands since early childhood. 

 

Seroprevalence for VZV differs substantially between countries. Studies conducted in the region, such as 

on Caribbean islands of Puerto Rico and St. Lucia (Garnett et al., 1993, Longfield et al., 1990), or Bolivia, 

Brazil, Mexico, Uruguay and Argentina (Bartoloni et al., 2002, Clemens et al., 1999, Conde-Glez et al., 
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2013, Dayan et al., 2004, Lafer et al., 2005, Quian et al., 2004), reported overall rates between 58-99%. 

In contrast, in most temperate countries, such as the Netherlands and Germany, varicella is typically a 

disease of childhood as overall seroprevalence is > 95% and over 90% is seropositive before the age of 

10 years (van Lier et al., 2013, Wiese-Posselt et al., 2017). In this study, the age-specific profile of VZV-

seropositivity is similar to that of most tropical countries and islands (Daulagala and Noordeen, 2018, 

Garnett et al., 1993, Longfield et al., 1990): seroprevalence rose gradually with age, and with mean age 

of seroconversion thus being higher, larger proportion of adolescents and adults are susceptible for 

infection. Differences observed between temperate and tropical countries are not fully understood and 

several factors might influence this dissimilarity, including climate, viral, host and social factors 

(Daulagala and Noordeen, 2018). 

 

This study provides evidence on the role of host and social factors on VZV-seropositivity. Firstly, a 

remarkable dissimilarity could be observed between ethnic groups, with specifically persons from the 

(former) overseas territories displaying higher rates of susceptibility throughout their course of life (e.g., 

still ~20% on average after age 40 years). Although host factors itself might play a role – as described 

previously (Dworkin, 1996) – the most plausible explanation lies presumably in a lack of exposure to 

VZV. Since the CN-islands can be compared with more rural/remote communities, especially in the pre-

globalization era, the likelihood of exposure to VZV has been relatively low. This was also supported by 

our risk factors analysis which revealed that people who were born in CN or who had been living there 

since early childhood had higher odds of being VZV-seronegative. We have observed the same 

phenomenon with other respiratory viruses of comparable infectivity, such as rubella, among elderly 

without vaccination in CN (Vos et al., 2019). A study showing a discrepancy in VZV seroprevalence 

between rural and urban communities within the same tropical country is supportive for this theory too 

(Mandal et al., 1998). Secondly, living in a single-person household was shown to be a predictor for VZV-
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seronegativity in this study, and odds decreased with increasing household size. In other tropical 

settings this has also been revealed as a critical factor for transmission (Nichols et al., 2011). Close 

proximity of contacts in household settings is probably more crucial for becoming VZV-seropositive as 

compared to the number of contacts encountered (also supported by our analyses), as with highly 

infective respiratory pathogens such as measles. In our analyses, having a child in the household (who 

attends day care/nursery school) was not associated with seronegativity, suggesting that children may 

not be the main driver of transmission in this setting. 

 

The lower seroprevalence and GMC on St. Eustatius as compared to the other islands seems mostly due 

to the current VZV dynamics. On Bonaire, small outbreaks of VZV are observed throughout the year, 

which results in a gradual rise in age-specific seroprevalence. Saba, the smallest and most remote of the 

three islands, was confronted with a relative large varicella outbreak, starting a few months prior to 

inclusion of the study up till a week before the start; the high GMC in children as well as adults is 

illustrative of this event. Given the high susceptibility on nearby island of St. Eustatius, one would also 

expect an outbreak in due time as of (indirect) human movement between these islands. In fact, shortly 

after completing the study, a small outbreak was reported, although not comparable with the number 

of patients on Saba, probably due to the rapid preventive measures applied, such as recommending 

patients to stay at home. Paramount is the higher age at infection on these islands compared to less-

isolated populations which increases the risk of more severe complications, including those in pregnant 

women and their (unborn) child, and thus higher morbidity, mortality and economic burden of disease 

(Hanssen et al., 2015). Severely-ill patients need to be transported by helicopter to larger islands, such 

as St. Maarten, and admitted to hospitals there, which, additionally, could increase the risk of 

introduction and further dissemination on other islands. To prevent this, exchange of patients between 

islands requires a good network, hospital hygiene, and standardized surveillance of data, principally in a 
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time when the region is confronted with large numbers of migrants from unstable countries (Paniz-

Mondolfi et al., 2019). 

 

A possible limitation of the current study might be its cross-sectional design. Some risk factors will not 

necessarily reflect an individual’s situation at the time of infection per se or will be subject to change, 

e.g., number of persons encountered yesterday. Nonetheless, in evaluating VZV vaccination policy, our 

findings are instrumental in describing the current VZV dynamics accurately. Further, there is no 

universal consensus on an IgG antibody level related to VZV protection; albeit we were able to 

accurately determine a cutoff for seropositivity – in line with our serosurveillance study in the 

Netherlands – using a highly valid method (of mixture modelling) discriminating our data strictly (van 

Lier et al., 2013). 

 

Currently, only 20% of countries in Central America and the Caribbean have introduced universal VZV 

vaccination (Arlant et al., 2019). Vaccination would be beneficial to prevent infection and severe 

complications in adolescents and adults on island populations like CN given the considerable proportion 

of susceptible individuals. Hence, acceptance of vaccination will most likely be high – keeping in mind 

the suggested uptake of ≥ 80% recommended by the WHO (World Health Organization (WHO), 2014). 

After implementation of VZV vaccination, the burden of disease has declined considerably in many 

countries: e.g., in Costa Rica, having introduced a one-dose vaccination for all children aged 15 months 

in 2007 (with a vaccination coverage of 84% nowadays), there was a 97% reduction of cases in the target 

population and indirect herd immunity effect in the general population which reduced disease and 

hospitalization by 60% and 93%, respectively (Avila-Aguero et al., 2017). In designing a VZV vaccination 

program for children, a catch-up campaign for susceptible persons might be considered on the basis of 

self-reported past disease – which was shown to be a highly valid method in this study population. 

Jo
ur

na
l P

re
-p

ro
of



15 
 

Rising incidence of herpes-zoster in adults after vaccination – due to decreased exposure to circulating 

wild-type VZV – has been hypothesized (i.e., the exogenous boosting hypothesis), but has not been 

observed in countries that implemented it so far, e.g., USA in 1996. Continued monitoring should still be 

anticipated though, because a presumable increase in herpes-zoster is expected to occur several 

decades after introduction of childhood varicella vaccination (Harpaz, 2019, Wolfson et al., 2019). 

 

To conclude, by means of this representative population-based study we have provided more insight 

into the VZV epidemiology in CN (Health Council of the Netherlands, 2007). This will be valuable in the 

decision-making process on introduction of routine VZV vaccination (as this will be evaluated by the 

Dutch Health Council in 2020), and can serve as a baseline for future serosurveillance studies 

conceivably assessing the impact of vaccination. Furthermore, as the current epidemiology is most likely 

generalizable to other islands with corresponding population distribution, these results can guide them 

in consideration of VZV vaccination. 
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FIGURE TITLES AND DESCRIPTION  

 
A 
 

Jo
ur

na
l P

re
-p

ro
of



21 
 

 
B 
Figure1 Age-specific seroprevalence (%) (a) and geometric mean concentration (GMC) (international 
units (IU)/mL) (b) (with 95% confidence intervals) of varicella-zoster virus IgG antibodies in Caribbean 
Netherlands, 2017. Note: antibody concentrations ≥0.26 IU/mL were considered seropositive (dashed 
line in b).  
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B 
Figure2 Age-specific seroprevalence (%) (a) and geometric mean concentration (GMC) (international 
units (IU)/mL) (b) (with 95% confidence intervals) of varicella-zoster virus IgG antibodies in Caribbean 
Netherlands, 2017, by island. Note: antibody concentrations ≥0.26 international units (IU)/mL were 
considered seropositive (dashed line in b).  
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B 

Figure3 Age-specific seroprevalence (%) (a) and geometric mean concentration (GMC) (international 

units (IU)/mL) (b) (with 95% confidence intervals) of varicella-zoster virus IgG antibodies in Caribbean 

Netherlands, 2017, by ethnicity. Note: antibody concentrations ≥0.26 international units (IU)/mL were 

considered seropositive (dashed line in b). 
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Table1 Sociodemographic characteristics of participants with a blood sample in the Health Study Caribbean Netherlands, by island 

Sociodemographic characteristics Bonaire 

n (%) 

n=1,129 (61.7) 

St. Eustatius 

n (%) 

n=477 (26.1)  

Saba 

n (%) 

n=223 (12.2) 

Total 

n (%) 

n=1,829 

Sex     

 Men 506 (44.8) 221 (46.3) 97 (43.5) 824 (45.1) 

 Women 623 (55.2) 256 (53.7) 126 (56.5) 1,005 (54.9) 

Age groups, years     

 0-4 95 (8.4) 45 (9.4) 21 (9.4) 161 (8.8) 

 5-11 176 (15.6) 83 (17.4) 29 (13.0) 288 (15.7) 

 12-17 181 (16.0) 86 (18.0) 24 (10.8) 291 (15.9) 

 18-39 200 (17.7) 102 (21.4) 41 (18.4) 343 (18.8) 

 ≥ 40 477 (42.3) 161 (33.8) 108 (48.4) 746 (40.8) 

Ethnicitya     

 Dutch overseas territories & Suriname 803 (71.2) 383 (82.0) 126 (57.0) 1,312 (72.2) 

 Indigenous Dutch & other Western countries 143 (12.7) 30 (6.4) 50 (22.6) 223 (12.3) 

 Latin America & other non-Western countries 182 (16.1) 54 (11.6) 45 (20.4) 281 (15.5) 

Resident of the Caribbean Netherlands since, years of age    

 0-4 679 (60.1) 312 (65.4) 115 (51.6) 1,106 (60.5) 

 5-11 69 (6.1) 25 (5.2) 6 (2.7) 100 (5.5) 

 12-17 30 (2.7) 9 (1.9) 4 (1.8) 43 (2.3) 

 ≥ 18 321 (28.4) 84 (17.6) 84 (37.6) 489 (26.7) 

 Unknown 30 (2.7) 47 (9.9) 14 (6.3) 91 (5.0) 

(Maternal) educational levelb     

 High 172 (15.2) 68 (14.3) 87 (39.0) 327 (17.9) 

 Middle 298 (26.4) 125 (26.2) 45 (20.2) 468 (25.6) 

 Low 571 (50.6) 232 (48.6) 80 (35.9) 883 (48.3) 

 Unknown 88 (7.8) 52 (10.9) 11 (4.9) 151 (8.2) 

Household size, number of persons     

 Single-person household 129 (12.3) 51 (10.7) 31 (13.9) 221 (12.1) 

 2-5 864 (76.5) 350 (73.4) 176 (78.9) 1,390 (76.0) 
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a Dutch overseas territories include the islands: Bonaire, Saba and St. Eustatius (i.e., Caribbean Netherlands), and Aruba, Curaçao and St. 

Maarten. Within ethnic group indigenous Dutch and other Western countries, n=147 (66%) were indigenous Dutch. Within ethnic group Latin 

America and other non-Western countries, n=261 (93%) were born in Latin America 

b Maternal educational level was used for participants 0-11y, active education was used for participants 12-25y, and highest accomplished 

educational level was used for participants > 25y. Low=no education, primary school, pre-vocational education (VMBO), lower vocational 

education (LBO/MBO-1), lower general secondary education (MAVO/VMBO). Middle=intermediate/ secondary vocational education (MBO-2-4), 

higher/senior vocational education (HAVO), pre-university education (VWO/Gymnasium); High=higher professional education (HBO), University 

BSc., University MSc., Doctorate 

Missing: ethnicity n=13 

  

 ≥ 6 119 (10.6) 72 (15.1) 13 (5.8) 204 (11.1) 

 Unknown 7 (0.6) 4 (0.8) 3 (1.4) 14 (0.8) 

History of chickenpox (self-reported)     

 Yes 603 (53.4) 189 (39.6) 132 (59.2) 924 (50.5) 

 No 418 (37.0) 222 (46.5) 57 (25.6) 697 (38.1) 

 Uncertain 63 (5.6) 38 (8.0) 21 (9.4) 122 (6.7) 

 Unknown 45 (4.0) 28 (5.9) 13 (5.8) 86 (4.7) 

History of shingles (self-reported)     

 Yes 62 (7.2) 7 (2.0) 8 (4.6) 77 (5.6) 

 No 693 (80.8) 294 (84.2) 146 (84.4) 1,133 (82.1) 

 Uncertain 61 (7.1) 23 (6.6) 11 (6.4) 95 (6.9) 

 Unknown 42 (4.9) 25 (7.2) 8 (4.6) 75 (5.4) 
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Table2 Weighted seroprevalence (%) and geometric mean concentration (GMC) (with 95% confidence intervals) of varicella-

zoster virus (VZV) specific IgG antibodies in the national population of Caribbean Netherlands 

 
Seroprevalencea (≥ 0.26 IU/mL) GMCb 

% (95% CI) IU/mL (95% CI) 

Overall 78.0 (75.7-80.3) 0.77 (0.72-0.83) 

Island     

 Bonaire 78.8 (76.1-81.5) 0.79 (0.73-0.86) 

 St. Eustatius 72.7 (68.0-77.3) 0.61 (0.53-0.69) 

 Saba 79.2 (72.8-85.6) 0.89 (0.72-1.11) 

Sex     

 Men 79.0 (75.5-82.4) 0.79 (0.71-0.88) 

 Women 77.0 (74.1-79.9) 0.75 (0.68-0.82) 

Ethnicity     

 Dutch overseas territoriesc and Suriname 70.7 (67.6-73.8) 0.64 (0.58-0.70) 

 Indigenous Dutch and other Western countries 94.8 (91.2-98.4) 1.23 (1.08-1.41) 

 Latin America and other non-Western countries 87.7 (83.4-92.0) 0.97 (0.85-1.11) 

a P values regarding differences in seroprevalence were derived using the methods of moments and Monte Carlo simulations (see Methods 

section). P value for Bonaire vs. St. Eustatius: 0.02; Bonaire vs. Saba: 0.86; St. Eustatius vs. Saba: 0.11; Men vs. women: 0.39; Dutch overseas 

territories and Suriname vs. Indigenous Dutch and other Western countries: <0.0001; Dutch overseas territories and Suriname vs. Latin America 

and other non-Western countries: <0.0001; Indigenous Dutch and other Western countries vs. Latin America and other non-Western countries: 

0.02. 

b P values regarding differences in GMC were derived using t-tests. P values: Bonaire vs. St. Eustatius: 0.003; Bonaire vs. Saba: 0.33; St. Eustatius 

vs. Saba: 0.0002; Men vs. women: 0.34; Dutch overseas territories and Suriname vs. Indigenous Dutch and other Western countries: <0.0001; 

Dutch overseas territories and Suriname vs. Latin America and other non-Western countries: <0.0001; Indigenous Dutch and other Western 

countries vs. Latin America and other non-Western countries: 0.07. 

c Dutch overseas territories include the islands: Bonaire, Saba and St. Eustatius (i.e., Caribbean Netherlands), and Aruba, Curaçao and St. 

Maarten 

Abbreviations: CI, confidence interval; IU/mL, international units per mL. 
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Table3 Risk factor analysis for varicella-zoster virus (VZV) IgG-seronegativity among the total unvaccinated study population of 

the Health Study Caribbean Netherlands 

Potential risk factor for VZV-

seronegativity n (%) 

n=1,809a 

% VZV- 

seropositive 

(95% CI) 

Univariate 

Crude ORb 

(95% CI) P valuec 

Multivariate 

Adjusted ORb 

(95% CI) P valuec 

Island    0.0003  0.003 

 Bonaire 1,122 (62.0) 74.0 (71.4-76.5) Ref.  Ref.  

 St. Eustatius 466 (25.8) 63.3 (58.9-67.7) 1.60 (1.25-2.05)  1.53 (1.18-1.98)  

 Saba 221 (12.2) 77.4 (71.9-82.9) 0.85 (0.58-1.23)  0.95 (0.65-1.40)  

Sex    0.22  0.14 

 Men 814 (45.0) 71.7 (68.6-74.8) Ref.  Ref.  

 Women 995 (55.0) 71.6 (68.8-74.4) 1.15 (0.92-1.44)  1.19 (0.94-1.50)  

Age group, yearsd    <0.0001  <0.0001 

 0-4 161 (8.9) 26.7 (19.9-33.5) 17.16 (11.42-25.79)  13.84 (8.83-21.70)  

 5-11 283 (15.6) 61.1 (55.4-66.8) 3.97 (2.89-5.45)  3.29 (2.29-4.73)  

 12-17 289 (16.0) 64.0 (58.5-69.6) 3.50 (2.54-4.81)  3.20 (2.21-4.63)  

 18-39 337 (18.6) 76.9 (72.3-81.4) 1.84 (1.32-2.55)  1.79 (1.27-2.52)  

 ≥ 40 739 (40.9) 86.1 (83.6-88.6) Ref.  Ref.  

Ethnicity    <0.0001  0.0001 

 

Dutch overseas territoriese 

and Suriname 1,309 (72.3) 65.5 (63.0-68.1) 5.29 (3.02-9.27)  3.79 (2.07-6.92)  

 

Indigenous Dutch and other 

Western countries 220 (12.2) 93.2 (89.8-96.5) Ref.  Ref.  

 

Latin America and other 

non-Western countries 280 (15.5) 83.2 (78.8-87.6) 2.89 (1.53-5.47)  3.14 (1.63-6.04)  

Resident of Caribbean Netherlands since, years of age  <0.0001  0.0004 

 0-4 1,099 (60.7) 61.9 (59.0-64.7) 2.71 (1.89-3.88)  1.87 (1.23-2.84)  

 5-11 100 (5.5) 77.0 (68.7-85.3) 1.34 (0.74-2.43)  1.05 (0.57-1.94)  

 12-17 43 (2.4) 86.0 (75.7-96.4) 0.73 (0.28-1.89)  0.60 (0.23-1.58)  

 ≥ 18 485 (26.8) 89.9 (87.2-92.6) Ref.  Ref.  

 Unknown 82 (4.5) 80.5 (71.9-89.1) 1.19 (0.62-2.30)  0.77 (0.36-1.62)  
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(Maternal) educational levelf      

 High 321 (17.8) 80.1 (75.7-84.4) Ref. 0.0006   

 Middle 465 (25.7) 65.8 (61.5-70.1) 1.91 (1.32-2.78)    

 Low 876 (48.4) 70.4 (67.4-73.5) 2.00 (1.40-2.85)    

 Unknown 147 (8.1) 78.9 (72.3-85.5) 1.29 (0.76-2.19)    

Household size, number of persons   0.07  0.01 

 Single-person household 218 (12.0) 78.9 (73.5-84.3) 1.92 (1.17-3.15)  2.31 (1.39-3.86)  

 2-5 1,375 (76.0) 70.5 (68.1-72.9) 1.28 (0.90-1.82)  1.44 (0.99-2.07)  

 ≥ 6 204 (11.3) 72.1 (65.9-78.2) Ref.  Ref.  

 Unknown 12 (0.7) 66.7 (40.0-93.4) 0.83 (0.20-3.47)  2.06 (0.43-9.76)  

Child in the household  0.40   

 Yes 1,026 (55.7) 66.4 (63.5-69.3) Ref.    

 No 662 (36.6) 79.8 (76.7-82.8) 1.21 (0.91-1.61)    

 Unknown 121 (6.7) 71.9 (63.9-79.9) 1.16 (0.73-1.82)    

Child in the household attending day care/nursery school  0.52   

 Yes 365 (20.2)  56.4 (51.3-61.5) Ref.    

 No 1,306 (72.2) 75.1 (72.8-77.5) 1.00 (0.74-1.36)    

 Unknown 138 (7.6) 79.0 (72.2-85.8) 0.77 (0.46-1.28)    

Contact yesterday, number of personsg   0.05   

 0-8 809 (44.7) 73.8 (70.8-76.8) Ref.    

 ≥ 9 789 (43.6) 71.0 (67.8-74.1) 0.89 (0.70-1.14)    

 Unknown 211 (11.7) 65.9 (59.5-72.3) 1.38 (0.97-1.96)    

a of n=1,829 with a blood sample, n=7 were vaccinated against VZV, and n=13 had missing values for ethnicity 

b Crude odds ratios were adjusted for sex and age, and significant adjusted ORs are marked in bold type 

c P values were determined by means of Wald tests for logistic regression, and significant p values (< 0.1 in univariate and < 0.05 in multivariate 

analysis) are marked in bold type 

d The final age group consisted of participants ≥ 40 years of age as seroprevalence remained fairly stable after this age, thereby also separating 

those of reproductive age and above. 

e Dutch overseas territories include the islands: Bonaire, Saba and St. Eustatius (i.e., Caribbean Netherlands), and Aruba, Curaçao and St. 

Maarten 

f Maternal educational level was used for participants 0-11y, active education was used for participants 12-25y, and highest accomplished 

educational level was used for participants >25y. Low=no education, primary school, pre-vocational education (VMBO), lower vocational 

education (LBO/MBO-1), lower general secondary education (MAVO/VMBO). Middle=intermediate/ secondary vocational education (MBO-2-4), 
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higher/senior vocational education (HAVO), pre-university education (VWO/Gymnasium); High=higher professional education (HBO), University 

BSc., University MSc., Doctorate 

g Categories were based on median number of persons contacted 

Abbreviations: CI, confidence interval; OR, odds ratio; Ref., reference category; VZV, varicella-zoster virus 
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Table4 Varicella-zoster virus (VZV) IgG antibody profile of unvaccinated participants in the Health Study Caribbean Netherlands 

with positive and negative/uncertain history of VZV disease, total population and by age groups 

  IgG antibodies against VZV 

 Self-reported history of VZV disease Positive Negative Total 

Total populationa Positive 858 80 938 

 Negative/uncertain 386 415 801 

 Total 1,244 495 1,739 

Age groups, years of age 
   

 0-17b Positive 283 37 320 

 Negative/uncertain 100 284 384 

 Total 383 321 704 

 18-39c Positive 180 8 188 

 Negative/uncertain 72 67 139 

 Total 252 75 327 

 ≥ 40d Positive 395 35 430 

 Negative/uncertain 214 64 278 

 Total 609 99 708 

a Total population (n=7 vaccinated; n=83 missing; n=127 uncertain about their history): 

  Sensitivity (858/1,244) = 69.0%, Specificity (415/495) = 83.8%, 

  Positive predictive value (PPV) (858/938) = 91.5%, Negative predictive value (NPV) (415/801) = 51.8%. 

b Age group 0-17 years: 

  Sensitivity (283/383) = 73.9%, Specificity (284/321) = 88.5%,  

  PPV (283/320) = 88.4%, NPV (284/384) =74.0%. 

c Age group 18-39 years: 

  sensitivity (180/252) = 71.4%, specificity (67/75) = 89.3%,  

  PPV (180/188) = 95.7%, NPV (67/139) = 48.2%. 

d Age group ≥ 40 years: 

  Sensitivity (395/609) = 64.9%, Specificity (67/99) = 64.6%, 

  PPV (395/430) = 91.9%, NPV (64/278) = 23.0%. 
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