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Abstract

The dengue control programme in Brazil involves house-to-house inspection in each municipality, on a 
bimonthly basis, for vector control and education activities. The sustainability of this strategy has been 
questioned due to its failure in interrupting dengue transmission and also by the exhaustion of field 
workers and lack of active cooperation by populations due to the tedious routine of bimonthly visits to 
all houses. An evaluation of the infestation of Aedes aegypti by larval, pupal and adult collection, and 
classification of houses with the premise condition index (PCI) in conjunction with residents’ housing 
characteristics was performed in 11 575 houses in Marilia, Sao Paulo state, Brazil. The results showed 
that the surveillance tool and associated data on resident housing characteristics were useful in identifying 
heavily infested premises. The index could thus provide a basis for prioritizing control measures within 
communities during routine vector control activities. 
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Introduction
In Brazil, the National Programme for Dengue 
Control[1] (PNCD) has been ongoing since 
2002 and integrates eight components: 
epidemiological surveillance, vector control, 
medical assistance, integration with the 
primary health-care system, environmental 
sanitation, education and social mobilization, 
social communication, and training and 
legislation. For vector control, the strategy 
recommends the bimonthly inspection 

of all houses in each municipality where 
infestation by Aedes aegypti is registered. 
During each visit, the vector control agent 
looks for breeding sites, gives educational 
information to residents that explains how 
to prevent mosquito foci, and uses larvicides 
where environmental management methods 
are not feasible.

Eyebrows have been raised against this 
strategy as it has failed to prevent dengue 
transmission, and also due to the growing 
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attrition and exhaustion of both vector control 
workers and residents due to the tedious 
and routine nature of bimonthly visits to all 
houses.

A stratified approach to the problem was 
described by Tun-Lin,[2] who proposed a new 
indicator, the premise condition index (PCI), 
based on certain environmental characteristics 
of the house, yard and shading of premises 
in which there was an evident relationship 
between the PCI and the risk of harbouring 
breeding foci of the vector. There have been 
a number of subsequent studies corroborating 
these findings.[3-6] In accordance with this 
approach, there is growing evidence about the 
influence of socioeconomic and environmental 
conditions as expressed by the condition of the 
premises on the prevalence of dengue. The 
construction of maps based on social conditions 
has identified areas for intervention with the 
possibility of ranking geographical points for 
different vector control actions.[7-14]

With the objective of evaluating how this 
new tool could be used within the routine of 
the PNCD, a study was carried out to compare 
infestation of Ae. aegypti using several 
entomological parameters and PCI. 

Methods 

Study area

The study was conducted in Marília, a city 
in the western area of the state of Sao Paulo, 
in Brazil. The city with 223 000 inhabitants 
has been infested by Ae. aegypti since 1989. 
However, due to an efficient vector control 
programme, dengue transmission has been 
kept in check.[15] The urban area covers 
42 sq. km. with about 88 000 premises. There 
is regular refuse collection and water supply 
in the city.

Field mosquito collection 

A sample size of 1200 houses for each field 
survey was determined.[16] The surveys were 
performed bimonthly for two and a half 
years (October 2006 to March 2009). With 
the definition of the number of houses to 
be inspected, the choice of blocks where all 
houses should be inspected was defined by 
probabilistic raffling using the census tract as 
the data aggregation unit. As the census lists 
all blocks in the city, the sampling involved the 
entire urban area.

At the premises, the inspection was 
performed by a team of three field workers 
having skills in entomology. During house 
inspection all possible breeding sites were 
inspected for the presence of larvae and 
pupae. When the presence of immature 
forms of mosquitoes was found, a sample of 
larvae and the total number of pupae in each 
breeding site was collected. Adult collection 
was performed with a motorized backpack 
aspirator.[17] Data from field collections were 
used for the estimation of Ae. aegypti indices 
and also new indices as proposed by Fox and 
Chadee.[18-21]

All field data was registered in Access 
databank and analysed with Epi-info 3.3, 2004 
software. Single linear regression was used to 
calculate the correlation between variables 
related to infestation and the PCI.

PCI scoring

Each premise that was inspected for the 
presence of Ae. aegypti was scored according 
to the method developed by Tun-Lin et al.[2] to 
obtain its PCI value. The degree of shade, the 
condition of the house and the condition of 
the yard in all premises were visually assessed 
and recorded during the inspection. For each 
of the three variables scores ranged from 
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1 to 3, with their sum, representing the PCI, 
as a value from 3 to 9. The lowest ranking PCI 
represented conditions that were considered 
the least favourable for the vector and the 
highest ranking PCI the most favourable. 

Variables regarding the person in 
charge of household responsibilities

Considering our experience on the importance 
of the residents’ adoption of control measures 
on infestation,[19-21] a survey on each premise 
was performed during the visit to identify 
selected characteristics of the person who 
was in charge of household responsibilities. 
Having obtained agreement from the 
interviewee, the variables recorded using a 
standard questionnaire were age, profession, 
educational level, knowledge of someone 
who already had dengue, water supply 
periodicity and knowledge about the 
vector control agent in the area. Residents’ 

educational levels were classified 1 for no 
formal education, 2 for elementary level, 3 
for second-grade or intermediate level and 
4 for university level.

Results

Distribution of positive premises by 
PCI ranking

During the period of the study a total of 
11 575 premises were inspected for the 
presence of immature and adult Ae. aegypti 
and also classified according to their PCI score. 
The number and per cent distribution of the 
premises according to their PCI ranking is 
shown in Table 1.

There were 2444 premises which could 
not be classified according to the PCI. These 
were non-residential premises, vacant lots 
and construction sites. As those premises 

Table 1: Number and per cent distribution of inspected premises by PCI ranking

PCI Number of 
premises Percentage

Number of 
premises 

with larvae

Positivity of 
premises 
for larvae

Number of 
premises 

with pupae

Positivity of 
premises 
for pupae

0* 2444 21.1 49 2.0 26 1.1

3 283 2.4 3 1.1 0 0.0

4 925 8.0 14 1.5 3 0.3

5 2144 18.5 37 1.7 13 0.6

6 3805 32.9 129 3.4 58 1.5

7 1293 11.2 98 7.6 48 3.7

8 499 4.3 71 14.2 34 6.8

9 182 1.6 40 22.0 18 9.9

Total 11 575 100 441 3.8 200 1.7

*Non-residential premises, vacant lots and construction sites; not classified by PCI.
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were included on the blocks that had been 
identified for survey, they were also inspected 
for the presence of Aedes indices and coded 
as PCI “zero” as it was not possible to use 
the criteria proposed for classification. The 
decision to include the survey on these 
premises was also based on the vector control 
routine where workers must visit all premises, 
including non-residential ones.

The majority of premises were ranked 
with an intermediate PCI score of 6, whereas 
those with the lowest and highest scores (PCI 
3 and PCI 9) represented only 2.4% and 1.6% 
of the premises respectively.

The positivity for larvae, pupae and adult 
of Ae. aegypti was highly correlated to PCI with 
a “r” value of 0.90, 0.93 and 0.96 (p<0.05) 
respectively for each stage (Tables 1 and 3). 

Among the non-residential premises, 
vacant lots and construction sites (PCI “0”), 
2.0%, 1.1% and 6.0% were infested with 
larvae, pupae and adult of Ae. aegypti 
respectively. 

Pupal positivity by PCI ranking

Seventy-four per cent of pupae were found 
on premises with PCI values ≥6, while 20.9% 
of all Ae. aegypti pupae were found in zero 
category (Table 2). 

Distribution of adults in premises 
without breeding

The distribution of adults was not 
restricted to the premises where they were 
reared. Table 3 includes data on the number 
of Ae. aegypti in premises where immature 
stages were not detected. 

Table 2: Number of pupae and per cent 
distribution by PCI ranking

PCI Number of 
pupae

Per 
cent

Cumulative 
per cent

0* 397 20.9 20.9

3 0 0 0

4 37 1.9 22.8

5 58 3.0 25.9

6 429 22.5 48.4

7 374 19.7 68.1

8 478 25.1 93.2

9 130 6.8 100

Total 1903 100 100

* Non-residential premises, vacant lots and construction 
sites; not classified by PCI.

Pupae per person, indices by age 
groups of householders

Of all the premises that were inspected, we 
had the agreement for questionnaire response 
from the residents of 7800. An analysis of 
the mean distribution of pupae per person 
(Table 4) showed a direct relationship with 
the increasing age of the residents in charge 
of the households. Pupae per person was the 
lowest at 0.03 in the age group <20 years 
while it reached the maximum of 0.10 in the 
age group >59 years. 

Pupae per person by educational level

Among the characteristics of the person in 
charge of the households that were collected 
in the interviews, the educational level was 
the only one which was correlated with the 
infestation. The mean number of pupae per 
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Table 3: Distribution of adult Ae. aegypti by PCI ranking and  
presence of immature foci

PCI
Number of 

premises with 
adults

Total number of 
mosquitoes

Number of mosquitoes 
in premises without 

immature forms

Per cent from the 
total number of 

mosquitoes

0* 146 834 558 66.9

3 22 30 25 83.3

4 171 473 436 92.2

5 363 813 702 86.4

6 742 2336 1783 76.3

7 318 952 688 72.3

8 134 702 306 43.6

9 57 288 175 60.8

Total 1953 6428 4673 72.7

*Non-residential premises, vacant lots and construction sites; not classified by PCI.

Table 4: Number of pupae distributed by age of person in charge of household duties among 
the respondents to the questionnaire

Age 
(years)

Number of 
respondents Number of pupae Percent of pupae Number of pupae 

person

Less than 20 474 51 4.2 0.03

21–39 2345 147 12.2 0.02

40–59 2976 518 43.0 0.05

Over 59 2009 489 40.6 0.10

Total 7804 1205 100 0.06

premise (Table 5) was negatively correlated 
with the educational level (Pearson Correlation 
coefficient = 0.81).

Discussion 

The use of PCI has proved to be an effective 
tool to classify premises according to the risk 
of harbouring mosquito breeding sites and, 

in this sense, a tool to prioritize houses for 
vector control measures. However, training 
field teams for PCI ranking was not easy as it 
took a while for the teams to standardize the 
method of classification. This difficulty was 
also reported by Nogueira.[5]

The evaluation of PCI on a large scale in 
a whole city for a significant length of time 
gave important information on the immature 
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The majority of premises (51.4% of the total) 
were classified on the intermediate scores of 5 
to 6 which could be read as the “mid-ranking” 
of scores. 

Other important limitation of the PCI 
methodology is the fact that non-residential 
premises, vacant lots and construction 
worksites could not be ranked and that they 
comprised 21% of the premises studied. As 
they harboured 11.6% of larvae, 20.9% of 
pupae and 20.8% of adults, their contribution 
to the infestation was of great relevance. 

The presence of foci in vacant lots is of 
operational significance because in this kind 
of premises no resident looks after the control 
measures; hence this task must be performed 
by the vector control teams. 

The low positivity for all forms of the 
vector, illustrated in Figures 1 – 3, show how 
relevant it is to focus vector control on a 
small number of premises. Considering the 
high correlation between PCI and vector 
infestation, this tool appears to be effective 
if operational vector control measures are 
targeted or stratified. These findings are 

Table 5: Mean number of pupae per premise, 
according to educational level of residents

Formal education Pupae per 
premise

No information 7.3

1 14.5

2 4.2

3 2.9

4 3.8

Total 5.4

1 = no formal education; 2 = elementary level;  
3 = intermediate level; 4 = university.

Figure 1: Percentage of premises with Ae. aegypti larvae according to PCI score

and adult distribution of the vector species, 
and also raised important questions to be 
addressed in the implementation of this 
strategy for vector control.

The first observation is related to the 
uneven distribution of premises. As listed 
in Table 1, a small number of premises are 
classified on the extreme scores (3 and 9), 
corresponding to 2.4% and 1.6% of the total 
number of premises inspected respectively. 
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Figure 2: Percentage of premises with Ae. aegypti pupae according to PCI

Figure 3: Percentage of premises with Ae. aegypti adult according to PCI score

consistent with those from the studies by 
Nogueira[5] and Maciel de Freitas[6] when 
working with key houses in Brazil.

In our study, data showed that if only 
17.1% or 5.9% of the premises that were 
classified on the worse PCI scores of 7–9 or 
8–9 are responsible for the production of 

51.6% or 31.9% of pupae, efforts for source 
reduction could be directed at those premises. 
The choice of thresholds in PCI to plan vector 
control activities will depend on field resources 
and also on the epidemiological situation. 

Another possibility that this tool provides 
to the Brazilian Dengue Control Programme 
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is to schedule the vector control teams’ visits 
with different frequencies based on PCI 
scores. As there is a routine of visiting 100% 
of premises, one PCI survey per year may be 
enough for strategic planning. Intense vector 
control on those premises might impact vector 
density with lower costs than the current 
methodology.

Community participation is crucial for 
Ae. aegypti control since domestic breeding 
sites play a major role in mosquito infestation. 

Considering that there are barriers for people 
adopting vector control attitudes, we investigated 
the characteristics of the residents during the 
surveys in order to identify what was the profile 
of the person charged with taking care of the 
house. From all the variables collected, age and 
educational level were found to be important 
criteria for identifying premises with the 
presence of pupae. This information should be 
considered important for devising appropriate 
communication and educational strategies and 
also for vector control planning. 
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