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Abstract If introducing the West Nile virus in Cuba was formerly a hazard, it is now a verifiable fact due to the country's midway 
location, the confluence of migratory birds and the presence of potential vectors such as Culex quinquefasciatus. Therefore, an 
entomological study was conducted to estimate the environmental factors that condition the biotic variables for Cx. quinquefasciatus 
populations in a suburban health care area of the Province of Camagüey. Biweekly captures of adults were performed from February 
2009 to January 2010 in accordance with the sampling design described by WHO. No close relation was observed between the 
population density and the parous rates, which were not analogous during the assessed period. There were large exophagia and 
population density values from February to June. The parous rate assessment was enough to take into consideration the 
entomological contribution of Cx. quinquefasciatus to epidemiologic risk in the locality studied. Neither the multifactorial 
association between the data pair population density rate-parous rate, nor the seasonal parameters revealed notable differences 
between indoor and outdoor capture settings. 
Keywords Culex quinquefasciatus; West Nile fever; Population density; Parous rate; Ecological studies 

1 Introduction 
Several agent-borne diseases may have an alarming 
emergence and/or derived (re)emergence due to a 
complex combination of causes. A clear example is 
Culex quinquefasciatus (Say, 1813), a species related 
to human-hosted filaria (Rwegoshora et al., 2007) and 
the West Nile virus (WNV) (Diéguez et al., 2003) 
because it poses a serious threat for both animal and 
public health. Thus, carrier surveillance and control 
strategies regarding transmission processes should be 
improved. Since mosquitoes and migratory bird 
species come together in Cuba due to its halfway 
position, such an ecological mixture of causative 
factors, described as a potentially risky combination 

for vector-borne diseases (Diéguez et al., 2003), 
places Cuba at higher risk for WNV occurrence. Not 
surprisingly, WNV cases have been reported in three 
humans (in Villa Clara and Sancti Spiritus) and in four 
horses (Province of Havana and Havana City) (Pupo 
et al., 2006) from 2003 to 2004. That's why a 
migration monitoring system (aimed at tracking 
endemic birds, mammalians, mosquitoes and humans) 
operates nationwide since January 2002. 

Among the species of mosquitoes existing in Cuba 
being reported as WNV-infected in other countries 
(Pupo et al., 2006), Cx. quinquefasciatus is the one 
with the largest population density in urban habitats, 
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exhibiting great competitive force and breeding 
preferably in standing water reservoirs and water- 
filled containers (Bisset and Marquetti, 1983).  

Taking into account the need for a bioecological 
characterization of Cx. quinquefasciatus populations, 
the present research sought to establish what 
environmental factors decide the biotic variables for 
the target species’ occurrence in a suburban area of 
Camagüey City.  

2 Results 
Figure 1 shows that population density and parous 
rates were not analogous during the period assessed. 
No significant differences in data values among the 
sampling sites were reported. As no close relation was 
observed between the population density and the 
parous rate (which were not analogous during the 
assessed period) parous evaluation was then sufficient 
to estimate the entomological contribution of Cx. 
quinquefasciatus to epidemics in the locality studied. 

When grouping the population density rates (PD) 
according to their monthly occurrence, a first cluster 
(M), sampled from February to June, yielded the 
largest value (p < 0.00114); a second cluster comprised  

the rest of the months (m). When rearranging both 
clusters in regard to their capture settings (indoors: I) 
and (outdoors: O), the population density was 
catalogued into four clusters (MIPD, MOPD, mIPD) 
and (mOPD). 

Table 1 confirmed major differences of favourable 
population density for MIPD and for MOPD, 
regarding mIPD; however, the parous rate showed no 
differences among the sites of capture. 

Environmental influence, as displayed in Figure 2, 
indicates a certain degree of association between 
population density and parturition in the two 
collection settings, as well as a higher influence of 
recent precipitation (P7), wind speed, and high 
temperature values. The combination of these 
variables actually encourages the newly-parous 
females to pray inside houses at a higher frequency. A 
more detailed analysis of this figure shows two 
consecutive groups of nonoverlapping month periods: 
February-August and September-January, revealing 
the March-April period as the one that provides the 
best seasonal conditions for population density, i.e., 
high atmospheric pressure, little rain, and low relative 
moisture. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Fluctuations in population density (A) and parous rates (B) for Culex quinquefasciatus outdoor and indoor collecting settings.  
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Table 1 Post-hoc analysis of population density values among 
the month groups in relation to ANOVA through the Tukey test  

 
parameters 

MIPD (1) 
average 
=65.76 

MOPD (2) 
average 
=61.76 

mIPD (3) 
average 
=21.09 

mOPD (4) 
average 
=44.686 

MIPD (1) - - - - 
MOPD (2) 0.990619 - - - 
mIPD (3) 0.002474 0.006964 - - 
mOPD (4) 0.323837 0.511610 0.158824 - 

Note: MIPD: month-indoor population density in the 
February-June period; MOPD: outdoor population density in 
the February-June period; mIPD: indoor population density in 
the July-January period, and mOPD: outdoor population density 
in the July-January period. 

3 Discussions 
Cx. quinquefasciatus, as a carrier of parasitic and viral 
illnesses into humans (Wondji et al., 2008), has 
adapted very well to urban milieus where its breeding 
spots have been fostered by human activity (Gingrich 
et al., 2006; Wallace, 2007; Metzger et al., 2008). 
Moreover, numerous chemical applications have 
resulted in pesticide resistance (Diéguez et al., 1999). 

In North America the spread of WNV as conveyed by 
Cx. quinquefasciatus, among other species of culicids, 
has occurred at a rapid rate, reaching Mexico and the 
Caribbean (Mosha et al., 2008). Epidemiological 
surveillance of mosquitoes, birds and horses has 
likewise demonstrated wide circulation in Central and 
South America (Pupo et al., 2006; Artsob et al., 2009). 

In the case of Cuba, the presence of antibodies in both 
birds and mammalians was connected to the first cases 
of WNV infection between 2002 and 2003, and to the 
establishment of a zoonotically amplified life history 
that involved a sequence of hosts from resident birds 
to horses and humans (Komar and Clark, 2006).  

Unfortunately, further entomological studies involving 
these findings are limited in Cuba; hence the pressing 
need for a characterization of such zoologically- 
involved groups. 

Local differences between rainfall-population density 
indicated that, contrary to the supposedly homo- 
geneous seasonal conditions in neotropical areas, 
there are indeed dissimilarities as to what favours the 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 2 Relation between seasonal factors and indoor (A) 
outdoor (B) populational characteristics for Culex 
quinquefasciatus. 
Note: populational characteristics: Par: parous rate and AHD: 
average hour-density; abiotic factors: WS: wind speed, A.press: 
atmospheric pressure, T: temperature, Phot.: daylight extent, RH:  
relative humidity, P7, P10, P15, P21 and P30: accumulated 
precipitation, 10, 15, 21 and 30 days prior to collection.  
 
proliferation of mosquito breeding settings under 
diverse weather influences (Pupo et al., 2011), 
basically, temperature and rainfall. It should be noted 
that Heft and Walton (2008) found a negative effect of 
precipitation on carrier population density as well. 
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Concerning population density and haematophagic 
activity, the present paper’s results differ from those of 
others authored in Cuba most likely in that 
environments of targeted localities were different, 
thereby accounting for the different behavioural 
strategies the species adopts, i.e., no differences were 
found in the number of Cx. quinquefasciatus females 
captured indoors and outdoors, even if larger 
population densities were reported in the lesser rainy 
season. 

Consequently, Cuban sanitary authorities were able to 
adopt a more integrative approach toward 
entomological monitoring programs since Cx. 
quinquefasciatus parturition rate for the studied area 
suggested that, by calculating it, the entomological 
and epidemiological hazard posed by the mosquito 
population could be identified; on the other hand, 
large population density values were not related to 
significant parous rate values, which allowed for a 
better management practice and, ultimately, for an 
assessment of control campaigns’ comparative 
efficacies. 

Determining the environment’s influence on the 
illnesses and on their vectorial component has 
permitted to analyze spatial incidence patterns for 
several of diseases, which, in conjunction with 
entomological indexes, not only enabled to explore 
and identify those areas at higher risk for infestation, 
but also their corresponding timeframes, months, as 
well as seasonal parameters, which, in turn, enabled to 
optimize surveillance campaigns by considering 
housing conditions and local community behavioural 
patterns. 

The data pair environmental temperature-relative 
humidity stirred the blood-sucking activity of Cx. 
quinquefasciatus, while the precipitation levels being 
reported, in fact, favoured the fill-up of containers and 
other usual breeding spots. 

The results will permit, as in city cases like Juárez 
(Mexico) and El Paso (United States) (Covarrubias et 
al., 2008), the establishment of a cost-effective 
surveillance for the target species.  

Although diverse species of mosquitoes have been 

identified as amplifying species and/or bridge agents 
(Komar and Clark, 2006), it is unquestionable that Cx. 
quinquefasciatus, given its wide propagation 
throughout in Cuba, represents the highest danger, as 
confirmed by entomological research conducted in the 
central region of the country (Cruz and Cabrera, 2006). 

4 Conclusions 
No close relation was observed between the 
population density and the parous rates, which were 
not analogous during the assessed period. There were 
large exophagia and population density values from 
February to June. Parous rate assessment was enough 
to take into consideration the entomological 
contribution of Cx. quinquefasciatus to epidemiologic 
risk in the locality studied. Neither the multifactorial 
association between the data pair population 
density-parous rate, nor the seasonal parameters 
revealed notable differences between indoor and 
outdoor capture settings. 

5 Material and Methods 
5.1 Study setting 
Collection of Cx. quinquefasciatus was carried out in 
Monte Carlo, a suburban neighbourhood of Camagüey 
City, capital of the Province of Camagüey, Cuba 
(Figure 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 Map of Cuba highlighting the Province of Camagüey 
with its capital, Camagüey (●). 
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5.2 Entomological survey 
Following WHO (1975) sampling design, biweekly 
captures of adults were executed between February 
2009 and January 2010 in two capture settings 
(indoors and outdoors), from 18:00 to 23:30 hours, by 
assigning 30 minutes for capture and 30 minutes for 
recess. To avoid bias from human attraction, 
capturers-baiters exchanged sampling days and 
schedules. The biological material, once identified, 
sexed and counted, generated a database, which 
specified schedules, collection sites, species, and 
physiologic ages. 

5.2.1 Formulation of the biotic variables 
For the calculation of the average density-hour value, 
the formula was the following (DNCV, 1977):                                

ADH=(M/T)×60 

Where: ADH=average density-hour, M=total of 
mosquitoes captured, T=time employed for capture, in 
minutes (a total of 120) and 60=constant (one-hour 
total of minutes). 

The parous rate of females was determined in 
accordance with Detinova and Gillies's procedure 
(1963). For the calculation of this indicator, the 
formula was (OPS, 1996):  

P= Tp/Tf  

Where: P=proportion of females that had laid eggs at 
least once; Tp=total number of parous mosquitoes; 
Tf=Total number of female mosquitoes captured. 

5.2.2 Determining the abiotic factors 
Moreover, wind speed (WS), temperature (T), relative 
humidity (RH), and accumulated precipitation 7 (P7), 
10 (P10), 15 (P15), 21 (P21) were recorded for up to 
30 days prior to collection (P30), along with daylight 
extent (Phot) and atmospheric pressure (A.press). 

5.3 Statistical analysis 
Indoor and outdoor capture settings were t tested 
independently for sample population density and 
parous rates in order to determine whether there were 
variations among the reported data values by 
complementing―in the case of the population density 
rates, whenever it was rearranged in groups of months 

according to monthly occurrence―with an analysis of 
variance (ANOVA) Fisher proceeding, along with the 
post-hoc test of essentially significant differences 
from the Tukey test. 

By using the Canoco 4.5 software (Braak and 
Smilauer, 2002), a principal component analysis (PCA) 
was performed to determine the correlation among the 
dependent variables (population density and 
parturition) and the independent variables (abiotic 
factors). 
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