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SUMMARY

This study was performed to test the hypothesis that there are ‘hotspots ’, i.e. geographical

heterogeneity, of dengue transmission. Data from two repeat serosurveys in two villages in

Vietnam were used to identify incident infections and to relate these to prevalence at baseline and

thus assess geographical heterogeneity, i.e. clustering, in dengue transmission. A total of 400

households were surveyed; serological data from 521 children at baseline and from 119 children at

follow-up were included in a spatial analysis. Geographical heterogeneity of dengue transmission

was explored using a permutation null distribution test. This showed for the first time evidence of

clustering of dengue virus transmission at the household level in asymptomatic children. Risk

areas could be identified by seroprevalence surveys combined with mapping. Control of dengue

virus transmission could be supported by identification and control of hotspots.
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INTRODUCTION

Recent estimates indicate that about 3.5 billion people,

y55% of the world’s population live in countries

at risk for dengue [1]. Dengue ranks among the most

important infectious diseases with a major impact

on public health in Vietnam and many other countries

in the tropics and subtropics. Dengue virus (DENV)

transmission primarily takes place through bites by

the mosquito vectors, Aedes aegypti and Aedes albo-

pictus, which feed preferentially on human blood,

and are often found in and around human dwellings

[2, 3]. Infection with DENV results in either (almost)

asymptomatic infection, undifferentiated febrile ill-

ness, dengue fever (DF) or even life-threatening mani-

festations such as dengue haemorrhagic fever (DHF)

and dengue shock syndrome (DSS) [4].

Currently, no vaccine or chemotherapy is yet avail-

able. Prevention and control of dengue transmission

therefore depend on vector control (larvicide treat-

ment, insecticide sprays and elimination of breeding
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sites) and avoidance of bites. The national dengue

control programme in Vietnam recommends vec-

tor control by larvae elimination. However, these

measures are usually only implemented after notifi-

cation of severe cases (DHF and DSS) [5]. This local

policy is based on the assumptions that such cases

reflect locally increased vector densities with higher

infection rates. It remains unclear to what extent this

approach controls further transmission, because the

majority of DENV infections (y80%) are mild/

atypical or even asymptomatic [6]. It is therefore

likely that such measures are not adequate to prevent

sustained DENV transmission in the community

[7–9]. In fact, its geographical distribution is spread-

ing and transmission rates have increased over the last

decades [10].

Previous studies showed that dengue disease tends

to cluster either in the same household or in nearby

neighbourhoods [11–13]. However, while suggestive

of clustering of transmission, clusters of disease may

be due to diagnostic biases or heterogeneity in sus-

ceptibility to symptomatic disease following infection

within families or households.

To explore the hypothesis that DENV transmission

is spatially focal, we used available data from a cross-

sectional seroepidemiological study in 2003, a 2-year

follow-up study and a household survey in two com-

munes, Ham Kiem and Ham Hiep in southern

Vietnam [14, 15].

METHODS

Data sources, study sites and population

This study used available data from a cross-sectional

study, a follow-up study and a household survey

in two communes, Ham Kiem and Ham Hiep, in pri-

mary schoolchildren [14, 15]. Briefly, we conducted a

cross-sectional study in two communes in 2003, in

which all primary schoolchildren at two primary

schools in the two communes were included and their

prevalence of antibodies to dengue measured. Ad-

ditionally, a household survey was carried out in 400

houses. All children who had no DENV-specific IgG

serum antibodies in a serosurvey of 2003 were retested

in a follow-up study which was conducted in 2005.

From 2002 census data, the total populations in

Ham Kiem and Ham Hiep were 6467 and 11131. The

population densities of the two communities were

about 109 people/km2 and 322 people/km2 for Ham

Kiem andHamHiep, respectively. These communities

have a tropical climate with a mean temperature of

27 xC, an average monthly rainfall ofy100 mm and a

rainy season that lasts from May until October.

Geographic mapping

During the household visits in 2003, geographic co-

ordinates were recorded. The latitude and longitude

of households were registered using a hand-held global

positioning system (eTrex1, Garmin International

Inc., USA). The coordinate system and datum

used were degree decimal and WGS-84, respectively.

MapInfo Professional (MapInfo Corp., USA) was

used to display the distribution of dengue serum-

specific IgG cases per household.

Statistical analysis

We hypothesized that there is geographical hetero-

geneity in dengue transmission within communities

with the occurrence of ‘hotspots ’. If so, new infec-

tions, as indicated by observed seroconversion during

follow-up, would occur near places where dengue IgG

seroprevalence was highest at baseline (2003). If not

(the null hypothesis) new infections would occur ran-

domly. To test this hypothesis we looked at the geo-

graphical distance between old infections (i.e. children

who were seropositive for dengue) at baseline and new

infections observed during follow-up using a permu-

tation analysis.

Consider a child i at baseline living at coordinates

Qi=(xi, yi). Assume Pi=1 if the child was sero-

positive and x1 otherwise. Similarly, consider a child

j observed at follow-up, and again assume Ij=1 if the

child was seropositive and=x1 otherwise. The

coordinates of this child are Qj=(xj, yj).

Now consider the statistic :

T=
XN

1

XM

1

wiPiIjd(Qi,Qj),

where d(Qi, Qj)=1/[0.001+distance (Qi, Qj)] where

the (Euclidean) distance is measured in degrees

(i.e. y110 km) so that d(Qi, Qj) of sites 100 m (flying

distance of vectors) apart is about half that of the

d( ) between a spot and itself.

Further, let wi (the ‘weight ’ of a baseline child) be

taken=age for Pi=x1 and=1/age for Pi=1. This

weighting was done because age is an important pre-

dictive factor for seropositivity since seroprevalence

increases strongly with increasing age [14].

586 K. T. D. Thai and others

https://doi.org/10.1017/S095026880999046X Published online by Cambridge University Press

https://doi.org/10.1017/S095026880999046X


The permutation null distribution (with separate

permutations for the two communities in the study)

was generated using a specially written computer

program. Large values (relative to the permutation

null distribution) reflect the existence of hotspots.

A total of 100 draws from the permutation null dis-

tribution were generated using this program.

Ethical consideration

The protocols for recruitment, testing and follow-up

were approved by the Provincial Health Services, the

community stations of Ham Kiem and Ham Hiep

and the Scientific Committee of Cho Ray Hospital,

Ho Chi Minh City. In cooperation with the People’s

Committee of the villages, the health post-staff and

school teachers, all children of the primary school

and their parents were informed about the study and

consent was obtained from all.

RESULTS

Baseline seroprevalence

The study design and data sources are shown in Fig. 1.

Figure 2 shows the map of Binh Thuan province,

Vietnam and location of the study areas. During the

household survey in 2003, a total of 400 households,

home to 533 children, were visited in order to obtain

geographical coordinates. Serological data were avail-

able for 521 children of which 339 (65%) were posi-

tive for dengue serum-specific IgG. This was taken as

background seroprevalence in our study. The spatial

distributions of the households of these 521 children

in the villages are shown in Fig. 3(a, b).

Geographical heterogeneity

All children (n=216) who had no DENV-specific IgG

serum antibodies (dengue naive) in the 2003 sero-

survey and who had been followed-up for 23 months

were eligible for inclusion in the study to explore

the heterogeneity of dengue transmission. Ninety-

seven children whose geographical coordinates had

not been recorded in 2003 were excluded. Because

only dengue-naive children were included, any sero-

conversion of IgG was due to dengue infection during

the 23 months of follow-up. In the permutation

analysis, we considered 119 children from Ham

Kiem (n=65) and Ham Hiep (n=54). These children

were living in 111 households. All children who were

followed-up lived in the same house as 2 years

March 2003

February 2005

Selection of 2 schools in two villages;
Ham Kiem (HK) and Ham Hiep (HH)

961 of 977 children bled

Selection of 400 of 3414 households
(HK/HH: 199/201)

521 associated children

631
IgG positive

(HK/HH: 307/324)

216 children
followed up

(HK/HH: 124/92)

330
IgG negative

(HK/HH: 189/141)

66
IgG positive

(HK/HH: 37/29)

150
IgG negative

(HK/HH: 87/63)

111 associated
households

(HK/HH: 60/41)

33
IgG positive

(HK/HH: 22/11)

86
IgG negative

(HK/HH: 43/43)

339
IgG positive

(HK/HH: 163/176 )

182
IgG negative

(HK/HH: 98/84)

Baseline
seroprevalence

( figure 3 and 4)

Unknown geographical
coordinates in 97 children

119 children included in
heterogeneity analysis
(see text for criteria)

Fig. 1. Data sources overview.
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previously. Figure 4 shows the permutation null dis-

tribution ofTobserved/Tnull. The null distribution values

exceeded 1 for every permutation, i.e. the observed

clustering exceeded random draws from the null

distribution 100/100 times. Clearly, this provides co-

gent evidence for the existence of geographical hetero-

geneity, i.e. that new infections occurred near places

where prevalence was highest at baseline.

Ham Hiep

Ham Kiem
Phan Thiet

6 km30

Commune

River Delta / Lake

River
Commune / District Boundary

Road

HIghway 1A
National Railway

Household

Ho Chi Minh city
Phan Thiet

Hanoi

N

E

S

W

Fig. 2. Map of Binh Thuan province, Vietnam and location of the study areas.

(a) (b)

3

2
1

3

2

1
0

N

EW

S

0 250 500 m

No. children per household

No. seropositive per household

5

4

3

1
2

3

1

2

0

N

EW

S

0 250 500 m

No. seropositive per household

No. children per household

Fig. 3. Distribution map of children per household in two villages (a) Ham Hiep, (b) Ham Kiem, in Binh Thuan province,
Vietnam.
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DISCUSSION

Results in this study showed that new DENV infec-

tions occurred near places where seroprevalence was

highest at baseline, suggesting important spatial het-

erogeneity in the transmission of dengue. This study

overcomes methodological problems of earlier studies

which looked at clustering of symptomatic cases

[8, 16].

There are several plausible explanations for the

nearby simultaneous appearance of dengue cases

at household level. First, entomological studies have

shown that A. Aegypti has a multi-feeding behaviour

on multiple people during a single gonotrophic cycle

[17–19]. The implications of this behaviour may in-

clude the occurrence of clusters of dengue cases in or

close to the same household and the rapid and some-

times explosive spread of dengue [9, 20]. However,

this is unlikely to account for our observations in view

of the probable (long) time lag between ‘baseline ’ in-

fections and follow-up infections. Second, local oc-

currence of dengue clusters could also be due to

locally elevated vector density. Cluster investigations

in Thailand showed significant differences in the

A. aegypti pupae/person ratio in dengue cases in

compared to non-dengue cases. However, no signifi-

cant differences were shown for adult A. Aegypti

population density [16]. Abundance of pupae or adult

female mosquitoes may be informative for routine

surveillance or as an eradication measure, but these

measures lack correlation between indices and dengue

disease. Detection of DENV-infected adult A. Aegypti

female mosquitoes that can potentially infect multiple

individuals may be more relevant for DENV trans-

mission.

Third, focal spreading can also be explained by

the movement of the infected mosquitoes with its

restriction of the flying range of y100 m [21, 22].

Transmission through a neighbourhood is most likely

caused by the activities, daily movements and social

networks of infected people as cluster sizes often ex-

ceed the flying range of the mosquitoes. Apparently,

undiagnosed asymptomatic DENV infections or un-

recognized dengue cases with mild symptoms play a

more predominant role for the spread of DENV and

undetected persistence of transmission locally.

Although this study gives insight into the trans-

mission dynamics of DENV within communes and at

household level, there are some limitations: (1) it must

be noted that it is impossible to ascertain whether

these children were infected at home, at school, or

elsewhere. Only household geographical coordinates

were considered but children living close together of-

ten attend the same school, and make use of the same

playgrounds, etc. However, the likely role of house-

hold is suggested by observations from a prospective

spatial cluster study in Thailand. Absenteeism of

children due to fever tended to cluster in small geo-

graphical areas where dengue transmission was active,

whereas those who were absent for other reasons were

always from areas where dengue was not active [16].

Other reports also showed that household members of

dengue seroconverters had a higher relative risk for

DENV infection [11, 23, 24]. (2) While our study es-

tablished geographical clustering, it was not designed

to identify the key factors that account for this clus-

tering, such as environmental or entomological

factors (water source, water storage, vector density),

which have been known to contribute to DENV

transmission [25].

Despite these limitations, results from spatial

analysis provide insight into DENV transmission and

control. Based on these data, we believe that sero-

surveillance should play a role in identifying hot-

spots of transmission and that strategies that are

centred only on severe clinical dengue cases will be

ineffective in controlling transmission, as only a very

small proportion (y5%) of dengue cases will develop

into severe disease [26, 27]. Such population-based

seroprevalence surveillance in children combined with

geographical information systems (GIS), is a rapid,

easy-to-perform and affordable tool for identification

of possible high-exposure areas at community level.

Where possible, identification of dengue risk areas

should also be accompanied with vector surveillance

and more importantly with the identification of

DENV-infected mosquitoes in field settings. Cur-

rently, tools for detection of DENV in vectors are not
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Fig. 4. The permutation null distribution of Tobserved/Tnull.
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yet available for field application. Thus in addition

to infection hotspot identification, control measures

should be guided by measurement and control of

vector density, e.g. through elimination of breeding

sites with perifocal spraying in identified risk areas.

However, the effectiveness of insecticidal treatments

in open areas is limited by insufficient residual effect

with spray application of ultra-low volume of insec-

ticide formulation per unit area, and insecticide ap-

plication inside homes inhabited by DENV-infected

mosquitoes may be more cost-effective. Nevertheless,

the success of dengue control cannot only rely on in-

termittent surveillance and insecticide spraying alone

[28], and involvement of the community seems key.

However, the best approach to this involvement

is still unclear. Educational campaigns have been

used to increase awareness of dengue in Vietnam, but

their effects on source reduction have never been

studied.
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