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  Table 1. Values of entomological indices obtained for São Raimundo das Mangabeiras, Maranhão, Brazil. 
Entomological Parameters Values 

OPI a 61.6% 
EDI b 47.8 
ANE c 37.1 

a OPI: ovitrap positivity index; b EDI: egg density index; c ANE: average number of eggs per ovitrap. 
 
 
 
 
Table 2. Logistic regression model demonstrating the relationship between number of Aedes spp. eggs and rainfall in São Raimundo das 
Mangabeiras, Maranhão state, Brazil. 

Variable response: > 250 eggs Odds Ratio �� p* 95% CI 
Co-variable: > 1mm of rainfall 24 2.04 0.041 1.14-505.19 

�������F�R�H�I�I�L�F�L�H�Q�W���H�V�W�L�P�D�W�H�V�����&�,�����F�R�Q�I�L�G�H�Q�F�H���L�Q�W�H�U�Y�D�O�����
�V�W�D�W�L�V�W�L�F�D�O�O�\���V�L�J�Q�L�I�L�F�D�Q�W�� 

Figure 4. Influence of the abiotic factors (temperature and rainfall) on the number of eggs collected (A and B) and on the values obtained 
for the entomological indices (C, D, E, F, G and H). Result obtained from Spearman’s correlation. *statistically significant. 
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Although the temperature had a negative influence on 
all these variables, it was not statistically significant 
(Figure 4).  

When the number of eggs was categorised into 
values greater or smaller than 250 and compared with 
the categorised values for rainfall (greater or smaller 
than 1 mm), the frequency of values greater than 250 
eggs of Aedes spp. was significantly higher during 
periods when the rainfall was greater than 1 mm (p < 
0.05). Later, using the multivariate model to 
specifically investigate this association, the results 
obtained in the Spearman’s correlations were 
confirmed, showing that there were 24-fold more 
chance of this number of Aedes spp. eggs occurring (n= 
250) in months with rainfall values above this range (1 
mm) (Table 2).  

Using the collection-point coordinates, it was 
possible to construct a map of the municipality of São 
Raimundo das Mangabeiras (Figure 5), showing the 
number of eggs collected during 2017 at each point. In 
order to help locate these points, the streets of the 
municipality were shown with their names. In this way, 
it was possible to summarise the principal data of this 
study.  

 
Discussion 

From the data on the number of eggs of Aedes spp. 
obtained with the ovitraps, it was possible to efficiently 
characterise the pattern of seasonal and spatial 
distribution of mosquito infestation in the municipality 
of São Raimundo das Mangabeiras, an area endemic for 
Dengue and Chikungunya in Northeastern Brazil.  

Distribution of the oviposition of these mosquitoes 
between the neighborhoods in the area seems to show a 
homogeneous pattern, since there were no significant 
differences in the number of eggs obtained at the 
different collection points. However, a clear increase 
was seen in the most populous places, such as Vila 
Cardoso and the Centro. Although the species A. 
aegypti and A. albopictus could be detected in every 
month and every neighborhood, several studies show 
that species A. aegypti displays a more anthropophilic 
behaviour, being adapted to the daily life of humans, 
and preferring to inhabit the city centers [21, 22]. 
According to Li et al. [23], the process of urbanisation 
favours an increase in the prevalence and abundance of 
species of Aedes, as it increases the number of artificial 
breeding sites, such as tyres, cans or water-storage 
containers. 

On the other hand, less populous neighborhoods, 
such as São Francisco, had the greater number of eggs 
during the dry period. A possible explanation for this 

situation would be the fact of water supply in this 
neighborhood is insufficient, which favors the residents' 
habit of storing water in large concrete or plastic tanks 
(personal observation) without taking any necessary 
precautions. This may have determined an increase in 
oviposition during the dry period in the neighborhood, 
since it has been shown that Aedes aegypti can 
reproduce in both natural and artificial water reservoirs 
[24]. 

In addition to urbanisation, rainfall was another 
element involved in promoting Aedes spp. in the study 
area. The data demonstrated that rainfall exerted a 
strong, positive and significant influence on the number 
of eggs, determining high values for OPI, EDI and 
ANE. In field research with ovitraps, several studies 
report that rain is the only abiotic factor capable of 
interfering in a significant and positive way in the 
number of Aedes spp. [25, 26], suggesting a higher risk 
of arbovirus transmission during rainy periods. This 
intimate association between rainfall and the 
reproductive rate of Aedes spp. occurs since increased 
rainfall favours a greater variety of breeding sites. Our 
mathematical model was also able to associate rainfall 
with the number of eggs collected. It was shown that 
rainfall greater than 1 mm was able to determine a 24-
fold increase in the chances of oviposition of these 

Figure 5. Map of São Raimundo das Mangabeiras municipality, 
Maranhão, Brazil, which shows the distribution of the number of 
Aedes spp. eggs captured during January to December of 2017 
by ovitraps in the neighborhoods analyzed. 
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mosquitoes on a scale greater than 250 eggs. Thus, it is 
strongly recommended that models such as this be made 
for each locality, since they can provide more-concrete 
data on how any one factor can influence the seasonal 
and spatial distribution of Aedes spp.  

It is also interesting to note that there was a sudden 
increase in the number of eggs in November (transition 
from the dry to the rainy season), mainly at points VC 
and SF, supposedly due to atypical precipitation during 
this period. It may have favored the hatching of latency 
eggs accumulated during the rainless months, 
consequently increasing the adult population and their 
reproduction rates. This reinforces the importance of 
mosquito control even during dry seasons. 

In general, the municipality of São Raimundo das 
Mangabeiras was characterised as at risk or under alert 
for the dissemination of arboviruses, as shown by the 
values for the OPI and EDI [27]. According to Barrera 
et al. [28], the EDI must be reduced to a value below 10 
for there to be no risk of Dengue being transmitted in 
any given region.  

Besides that, it was possible to demonstrate 
spatially, exactly where the highest reproductive rates 
of Aedes spp. were located in the study area. The choice 
of using GIS together with the results of the ovitraps 
was to demonstrate that georeferencing may result in a 
more instructive perception of the differences found 
between the collection sites, facilitating decision-
making in future interventions. 

 
Conclusion 

Generally, the data demonstrated that ovitraps were 
able to describe, reliably and at low cost, the infestation 
pattern of Aedes spp. in the municipality of São 
Raimundo das Mangabeiras. Rainfall is the main abiotic 
factor capable of influencing the reproductive rate of 
these insects, even in climatic conditions of the Cerrado 
biome. In addition, the constant presence of A. 
albopictus in the collection points suggests a probable 
participation of this species in the recent outbreaks of 
Zika and Chikungunya in the municipality. It is also 
worth mentioning that combining the data obtained 
from the ovitraps with geographic information systems 
was perfectly viable, and allowed the preparation of 
maps that describe, in a simple way, priority areas for 
intervention, which may facilitate decision-making by 
managers.  
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Annex – Supplementary Items 
 
 Supplementary Figure 1. Total number of Aedes spp. eggs 

collected by neighborhood analyzed. Result obtained from the 
Kruskal-Wallis test. C. Centro, VC. Vila Cardoso, BN. Nazaré, 
SJ. São José, SF. São Francisco; ns= no significant. 


