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Rationale

Dengue fever and the potentially lethal
haemorrhagic form of dengue are a fast growing
public health problem worldwide (50 million
cases with 500 000 manifesting shock and/or
haemorrhage each year), and particularly
important in the Americas and Asia. The only
known strategy for reducing dengue transmission
is to reduce the vector population, which is
achieved through interventions in domestic and
peri-domestic water containers. However, little
is known about the efficacy of interventions
targeted to specific classes of water-holding
container, and there is uncertainty about the
best indicators to use for measuring the success
of interventions on vector populations.

TDR financed a multicountry study
involving nine Latin American, Asian, and
African countries, based on the rationale that
certain water containers are particularly
productive of the dengue vector, Aedes aegypti
(L.), and that, therefore, an intervention
targeted to these containers would bring vector
densities below the threshold for epidemic
transmission. This pupal/demographic survey
method was described recently.[1]

The objective of this multicountry study was
to evaluate the practicality of the survey method
and whether it can consistently identify and
classify particularly productive classes of
container, and so provide guidance on
development of targeted control strategies. As
will be discussed in greater detail, containers
may be classified on any number of criteria such
as descriptive name, volume, use,
abandonment, location indoors or out, etc. The
results from this study will have important
consequences for the development of improved
dengue control strategies.

It is important to emphasize that
operationally, pupal/demographic surveys are
expected to be conducted infrequently,
perhaps only at the beginning of a process to
identify the epidemiologically important
container classes to target. When targeted
interventions via community participation
methods are under way, the primary survey
goal would be simply to determine the actual
amount of intervention in place without larvae
or pupae being counted.

This document summarizes the large
amount of data created by the nine study teams

# For complete details, please access the original document TDR/IRM/DEN/06.1
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with the goal of serving as a reference text for
other researchers as well as for control
programmes which are expected to adopt the
targeted intervention technique. The document
reflects the fact that today, most dengue
control efforts are based on suppression of Ae.
aegypti and not on eradication; these efforts
would benefit from answers to the following
questions:

• How much suppression is adequate
to be prophylactic for dengue
outbreaks in a particular location (Table
2)?

• How do we monitor the degree of
suppression achieved in ongoing
programmes?

Some have recently been advocating an
additional question:

• Given that the epidemiological
importance of a particular class of
container is the product of the average
adult productivity and the abundance
of that class of container in the
environment, how do we select
subsets of containers for intervention
such that we minimize labour and
costs while maximizing reduction of
adults?

And finally,

• In developing a targeted strategy, how
many households must be surveyed
to be confident that the important
container classes have been
identified?

Answering the first question involves an
understanding of transmission thresholds –
what they represent and how they are
estimated. Thresholds are a function of many
factors, but a key factor is the ratio of the
numbers of adult Ae. aegypti and people, hence
the need for a survey method that permits

estimation of this important variable.[2] Because
pupae can be counted and are highly correlated
with the standing crop of adults, a survey
method involving counting pupae and people
has been developed.[3] Mechanistic and
mathematical models of dengue transmission
have been developed that allow estimation of
transmission thresholds in terms of Ae. aegypti
pupae per person as a function of temperature
and herd immunity; it is only this statistic that
can provide estimates of how much reduction
is necessary to be prophylactic for dengue
outbreaks (Table 2). The practical challenges
of obtaining this statistic and its usefulness in
developing targeted strategies are the subject
of this paper.

Several authors have recently made the
case that use of the traditional Stegomyia
indices as epidemiologic indicators of dengue
transmission risk should be abandoned as they
have a number of serious shortcomings.[1] The
argument is that a pupal and demographic
survey that provides an estimate of the number
of pupae per person in a community by class
of container, e.g. drums, flower vases and pots,
cisterns, abandoned containers, discarded tyres,
is more appropriate for assessing risk and
directing control operations. The ratio of pupae
per person is used for several reasons:

• Unlike any of the other mosquito life-
cycle stages, it is possible to actually
count the number of Ae. aegypti pupae
in most domestic environments (for
exceptions, see summary of the Viet
Nam study below).

• Container-inhabiting Stegomyia pupae
are easily and inexpensively separated
from other genera and identified to
species as pupae or adults.

• Because pupal mortality is slight and
well-characterized, the number of
pupae is highly correlated with the
number of adults.
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• The statistic of pupae per person can
be related to transmission risk and
provide target levels of reduction
required in control efforts.[2]

The survey method being evaluated in these
studies is called the pupal/demographic survey,
so named because we count both pupae and
the number of people associated with them. In
practice, such a survey involves visiting 100 or
more residences (see section on survey size
requirements below), usually by two inspectors
equipped with nothing more than a few litres
of clean water, a sieve,* some largemouth
pipettes, a white enamel pan, and small shell
vials. The inspectors request permission to
examine the water-holding containers in a
house, and enquire as to the number of people
living in the house (or sleeping there the previous
night). With permission, they proceed to strain
the contents of each container at the location,
re-suspending the sieved contents in a small
amount of clean water in the enamel pan, from
where the pupae from each container are
pipetted into a labelled vial. If there are other
container-inhabiting species in the area besides
Ae. aegypti, the contents of each vial are
transferred to small cups covered with bridal
veil secured with a rubber band; these are held
in the lab until the adults emerge, when they
can be identified. As a minimum, the data
recorded for each container include the type of
container (drum, bottle, etc.), location (indoors,
outdoors, under vegetation, etc.), method of
filling (manually, by rain, roof runoff, etc.), and
the number of pupae by species. These inputs
are used to develop a classification scheme (see
container classification section below). Data are
usually summarized by container class on a
spreadsheet; for each container class found,
simply add up the number of pupae associated
with that type in the survey, and divide by the

sum of the number of people living in the
residences inspected. Sorting the list of container
classes by their associated number of pupae per
person quickly identifies the productive and non-
productive classes of container.

While exhaustive counts of pupae in every
container are certainly more labour intensive
than simply noting whether a container has
larvae and/or pupae (as in the various traditional
Stegomyia indices), the pupal/demographic
survey permits us to know the number of
pupae per person associated with the various
classes of container in the environment. This
statistic, Ae. aegypti pupae per person by class
of container, is not an index after the fashion
of the Stegomyia indices, rather it is the
epidemiologically significant statistic, the ratio
of hosts and vectors; published transmission
thresholds permit us to appreciate this statistic
in the context of estimates of herd immunity
and ambient temperatures.[2] What each of the
studies summarized below demonstrates is that
some classes of container are more important
by virtue of their production of Ae. aegypti
adults than others, and that this leads logically
to the development of targeted interventions.
An earlier publication provides a discussion of
the utility of other indices for dengue risk
assessment and control.[2]

The objectives of this document are to:

• Summarize the key findings from the
nine study sites of the multicountry
project on pupal/demographic survey
methodology.

• Outline the prospects and limitations
of this survey methodology.

• Draw conclusions and propose further
research and implications for dengue
prevention and control programmes.

*USA standard sieve series, number 30 sieve
(equivalent to ASTM designation E11, 600 μm
[0.0243"] opening)
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Key findings of the
multicountry study

• The pupal/demographic survey
identifies epidemiologically important
and unimportant types of container

• Containers and sites can be classified
using different schema

• Distribution of Ae. aegypti pupae per
container is strongly clumped

• A potentially important class of
container, the rare but extremely
productive container

• Survey size requirements to develop
a targeted control strategy

Prospects and limitations of
the pupal productivity survey
methodology

• Results are useful in developing
targeted source reduction/control
strategy for dengue

• Difficulty of surveying large containers

Conclusions, further research,
and implications for dengue
prevention and control
programmes

Conclusions

The studies have confirmed that the pupal/
demographic survey provides the necessary
data for developing targeted strategies. The
method certainly requires more labour than do
the traditional Stegomyia indices, but on a cost/
benefit analysis, the traditional measures fail
because, regardless of cost, they cannot inform
targeted strategy nor can they be used for
transmission risk assessment. Unpublished

longterm (>5 years) and repeated longitudinal
pupal/demographic surveys in Iquitos, Peru,[3]

and Yogyakarta, Indonesia, indicate that pupal
production by container type is remarkably
stable over time and suggest, as stated above,
that only an initial, high quality survey may be
required.

Calibrated sweep net surveys may provide
a method for estimating absolute numbers of
pupae for some types of container. However,
calibration factors determined in one location
should be used with great caution in another
area, where subtle differences in climate,
elevation, methods of handling water, etc., may
influence productivity, and hence accuracy.

Further research

Evaluate dengue control strategies
using transmission thresholds and
pupal/demographic survey
methodology

Since the appearance of dengue haemorrhagic
fever in South-East Asia in the 1960s and its
subsequent spread to the Americas and Oceania,
several control strategies have been advocated.
Ultra low volume (ULV) spray applications applied
through national control programmes were given
prominence for several decades. While it was
documented that the sprays certainly killed adult
mosquitoes, their use in controlling epidemics
was harder to demonstrate. Transitory but
infrequent depressions in adult mosquito survival
simply could not suppress dengue transmission
in endemic locations. As appreciation of the
inadequacies of ULV grew in the public health
community, the focus of control efforts turned
to involving affected communities, and much was
made of community participation for the purpose
of source reduction and/or control. Yet
experience, with the exception of the two vertical
and national programmes of Singapore and Cuba,
has been disappointing. Some thought the
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problem lay with an inadequate understanding
on the part of the communities and that, with
time and education, dengue control could be
achieved. Others suggested that another factor
was at work—that the public was in fact
conducting a cost–benefit analysis with regard to
dengue—and simply concluded that preventing
mosquito breeding in all containers every day
indefinitely was, as indicated by practice, simply
not worthwhile from a labour/time perspective.
The promise of targeted source reduction and
control, building on the significant
accomplishments to date in the area of community
participation, lies with reducing the labour and
costs in the cost–benefit calculation. With few
exceptions, evaluations of community-based
interventions were based on sociological evidence
such as an increase in knowledge, change in
practice, etc., and not on measurements of
transmission or disease prevalence. Perhaps this
is understandable in light of the time and effort
required to change human behaviour with regard
to cigarettes, seat belts, etc.

In light of the foregoing comments, the
chief research recommendation of this
summary is to conduct targeted interventions
with the dependent variable being some
measure of transmission. Studies with
significant funding can measure transmission
directly using longitudinal serosurveys of infants
and adolescents using the prevalence of anti-
dengue IgM as a proxy; other studies will have
to rely on case data. In addition, evaluations
of interventions should monitor the actual
impact on pupal production in the targeted
containers.** If a targeted intervention effort

fails, it is critical to know whether failure is
attributable to inadequate control in targeted
containers or if the problem lies with the notions
of targeted intervention and transmission
threshold.

Estimate the amount of suppression
required in interventions using
transmission thresholds

Mechanistic models of the dynamics of dengue
have been used to estimate transmission
thresholds (the number of Ae. aegypti pupae
per person) as a function of pre-existing
antibody levels in the human population (herd
immunity) and ambient air temperature (Table
1).[2] The threshold, an epidemiological concept
central to infectious disease control, is simply
the breaking or tipping point; at levels below
threshold, infection rates and viral persistence
decline in the human population. Threshold
levels were estimated to range between 0.5
and 1.5 Ae. aegypti pupae per person for an
ambient air temperatures of 28 °C and initial
seroprevalence of 0% to 67%. The concept of
transmission threshold has given us a new and
hopefully useful tool for monitoring targets for
source reduction/control efforts. Moreover, in
terms of risk assessment, transmission
thresholds provide estimates of the level of
elimination or control necessary to preclude
transmission (Table 2). In targeted
interventions, attempts should be made to
reduce the number of Ae. aegypti pupae per
person to below the threshold estimate. Note
in table 2 that several locations would require
>70% reduction in adult production to be
prophylactic.

It goes without saying that we see
exceeding the threshold as being a necessary
but not sufficient cause of transmission. The
table of transmission thresholds (Table 1) takes
into account the degree of susceptibility in the
human population (and indicates the possible

**A current evaluation in Yogyakarta, Indonesia, using
pyriproxyfen to prevent adult emergence involves:
weekly visual inspection of targeted containers for
the presence or absence of the compound;
laboratory bio-assay of water collected from treated
containers in the field; and laboratory observation of
field- collected pupae for emergence success and
deformities. Transmission is monitored using: case
data, and seroprevalence of IgM in children and
infants measured every three months.
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consequences of inadequately knowing the
herd immunity level). But transmission
thresholds obviously make no statement about
the presence or type of viruses that may or
may not be circulating or introduced.
Transmission thresholds are useful for risk
assessment and risk reduction. In the absence
of virus and a control programme, they speak
of receptivity to virus; in the endemic situation,
they provide targets and end points for targeted
source reduction/control programmes. In
targeted interventions, account should be taken
of seasonal variations in transmission threshold
due to temperature fluctuation, and strategies
should provide sufficient reduction in Ae.
aegypti production to suppress transmission. In
dengue endemic areas where herd immunity
levels (prevalence of anti- dengue IgG by
serotype) are unknown, conservative estimates

Table 1: Transmission thresholds in terms of
Ae. aegypti pupae per person as a function of

ambient temperature and prevalence of
dengue antibody. This table shows the

estimated number of Ae. aegypti pupae per
person required to result in a 0% probability
of a 0% or greater rise in seroprevalence of

dengue antibody during the course of a year
resulting from monthly viral introductions of a

single viraemic individual[2]

Reprinted from: Focks DA et al.,[2] with permission
from the American Society of Tropical Medicine and
Hygiene.

should be used, e.g. 33%, to estimate the
target level of reduction in number of pupae
per person.

The Cuban team noted that two measures,
the number of Ae. aegypti pupae per person
and the number of pupae per hectare, were
highly correlated (89%); they suggested that
‘pupae per person’ does not require
documentation of human density and is,
therefore, perhaps the more desirable statistic.
It is important to note, however, that ‘pupae
per hectare’ (an index) cannot be related to
risk of transmission because, among other
factors such as temperature and herd
immunity, dengue infection is a function of the
ratio of vector and host abundance, i.e. of
pupae per person. The difference in cost is
minimal, but only ‘pupae per person’ permits
estimation of the degree of reduction
necessary to effect control (Tables 1 and 2).[2]

High correlation between pupae per person
and pupae per hectare was also noted in the
Peru study, and in Iquitos it was difficult to
estimate the number of people per house with
much confidence.

Continue evaluation of calibrated
sweep nets

Based on the experiences of some study groups,
obtaining absolute pupal counts in some types
of large container is a significant problem,
suggesting that efforts to evaluate the calibrated
sweep net method are warranted. The Viet Nam
team was able to identify the same container
types to be targeted as identified by the pupal/
demographic survey method. If the linear
relationship between abundance of late instars
and pupae is consistent, it may be possible to
use sweep net counts to estimate pupal
abundance and evaluate strategies in terms of
reduction in pupae per person.

Temperature
Transmission threshold by initial

(°°°°°C)
seroprevalence of antibody

0% 33% 67%

22 7.13 10.70 23.32

24 2.20 3.47 7.11

26 1.05 1.55 3.41

28 0.42 0.61 1.27

30 0.10 0.15 0.30

32 0.06 0.09 0.1
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Develop better classification
schemes for containers, and
methods to locate rare but
especially productive containers
at house and block scales

When rare but especially productive containers
(REPCs) are encountered, priority should be
given to:

• elucidating the factors responsible for
the anomalous production

• identifying the common features
among REPCs discovered during the
survey (location, association with
vegetation, type of container with
respect to material, use/non-use, etc.)

• developing a classification scheme
that includes factors to facilitate the
locating of REPCs without exhaustive
survey.

The fact that REPCs are infrequently found,
that they appear as anomalies and are not
typical, should not mean serious consideration
is not given to this potentially important class
of container. Rare they may be, but most
reasonably sized surveys discover one or more
REPCs often accounting for a significant
proportion of production. In addition to
discovering common factors associated with
REPCs which might be useful in developing a
search strategy targeting them, another
important question is whether their production
is stable over time. If it is stable (the likely
case) then we should probably always include
an REPC class in our surveys to keep us mindful
of their existence and importance, helping us
to think in terms of answering the three points
above.

The container classification schemes
developed in the studies in Peru, Puerto Rico,
and other countries, involving the concepts of
abandonment, location with respect to
vegetation or placement, etc., are very good

examples of the utility of thinking in terms of
new covariates of production and should be
studied and applied to local surveys. Rapid
location of especially productive classes of
container could serve to further reduce the
labour associated with targeted strategies.

Implications for dengue
prevention and control
programmes

The results of these studies are encouraging—
they suggest that control of transmission may
be possible with the treatment or elimination
of only a small portion of the large number of
classes of water-holding container found in the
environment. Each study identified the
important classes of container to be controlled,
and also the classes that could safely be ignored.
Commonly, the more productive classes were
larger containers that were stable through time,
a feature that may make them more amenable
to control with biological control agents or
chemicals. Given that all control programmes
are resource limited, this new and quantitative
understanding of productivity can lead to
targeted interventions that may be sustainable
because control that relies on targeted strategy
requires substantially less labour. A TDR
supported multicentre study on the cost-
effectiveness of targeted vs. non-targeted
interventions will provide answers to this
question.

Reducing the number of breeding
containers will not cause an increase
in productivity of the remaining
containers

A common concern regarding targeted strategies
is the notion that, immediately following the
elimination of one or more classes of container,
more oviposition, and hence more adult
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Table 2: Comparison of observed numbers of Ae. aegypti pupae per person in various
dengue-endemic or dengue-receptive locations with estimated transmission thresholds based on
average summertime temperatures and an initial seroprevalence of %. The column ‘% control’ is

the degree of reduction in pupae per person necessary to reduce the observed field level to
that of the threshold

a Temp refers to average temperature during the months of June–August or December–February in locations
above and below the equator, respectively.
b Pupae per person refers to the average number of Ae. aegypti pupae per person observed in the survey.
c Threshold refers to the estimated number of Ae. aegypti pupae per person that will preclude epidemic
transmission. These estimates were derived from dengue transmission models. Because the models are
stochastic, around this tipping point or transmission threshold, multiple model runs under the same conditions
typically have little or no subsequent transmission following the introduction of a single viraemic individual times
per year. The values shown in the table are based on thresholds assuming an initial seroprevalence of %.
d Ratio is the ratio of observed pupae per person and the estimated temperature—and seroprevalence-specific
threshold.
e % Control is the degree of reduction in pupae per person necessary to reduce the observed field level to that of
the threshold.
f Unpublished studies conducted by Focks in collaboration with others. Surveys in Puerto Rico and Mexico were
limited and preliminary.
g Observed range: .4–6 .4 pupae per person; the island-wide average is used for calculation.

Reprinted from: Focks DA et al.,[2] with permission from the American Society of Tropical Medicine and Hygiene.

production, will occur in the remaining
containers. However, adult production is in
equilibrium with, and is a function of, the rate
at which food arrives (or is produced) in the
container; adult production is not a function of,
nor is it limited by, the rate of oviposition. In
the population dynamics of Ae. aegypti there is
a surfeit of eggs and a paucity of food.[4]

Consider a location with ten containers, each
producing an average of two adults per day. If
we assume an even sex ratio and an average
lifespan of about 10 days, these 10 containers
would be associated with a standing crop of

100 females (10 days x 10 containers x 1 new
female per day per container). Further, lets
assume an average fecundity of 25 eggs per
day per female. Expected daily oviposition at
our location would be 2500, or 250 eggs per
container—each day 250 eggs are laid, yet each
day only 2 adults emerge from each container.
The high rate of mortality between oviposition
and emergence is due to a number of factors
including egg predation and density-dependent
larval mortality; there are simply more eggs laid
than the larval environment can support. As there
are no density-dependent survival factors in the

Location Temp (°°°°°C)a Pupae per personb Thresholdc Ratiod % Controle

Reynosa, Mexicof 29.4 2.75 0.26 10.4 90

Mayaguez, Puerto Ricof 26.6 1.73 1.05 1.7 40

Trinidad (20 sites) 27.0 22.7g 0.86 26.4 96

El Progreso, Honduras 29.1 0.34 0.31 1.1 10

San Juan, Puerto Ricof 27.8 2.75 0.58 4.7 79

Bangkok, Thailand 29.2 1.69 0.29 5.8 83
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adult stage, elimination of 25% or 50% of adult
production results in a similar reduction in the
standing crop of adults.[5]

In a targeted source reduction campaign,
in addition to removing the waterholding
containers, the associated Ae. aegypti larval
food is removed from the environment and
productivity of the environment goes down,
as does the standing crop of adults. Any
transient rise in oviposition in untreated
containers is met with increased density-
dependent larval mortality as productivity is a
function of food availability—recall the large
ratio of daily oviposition and emergence. In
contrast, in an intervention involving larvicides,

biological control agents, or insect growth
regulators, neither the number of oviposition
sites nor the amount of food declines. Our
treatment has eliminated the production in
some containers, thereby lowering the standing
crop of adults and oviposition. One might
wonder if productivity would go down in
untreated containers, oviposition rates in them
being somewhat lower, as a lower number of
females is associated with the same number
of containers. Simulation and field studies in
Kenya suggest that until adult populations are
reduced by >40%, container productivity will
not be limited by lowered oviposition rates
because food-based density-dependent larval
mortality decreases.[4]
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