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Abstract 

Understanding the temporal variation in mosquito populations is essential for predicting and preventing vector-borne disease 

outbreaks. This prospective longitudinal study investigated the relationship between mosquito population density and the 

incidence of vector-borne diseases in urban and rural areas of Telangana, India, over two consecutive transmission seasons 

(June 2025–June 2026). As a primary field-based investigation, systematic entomological surveillance was conducted at 28 

representative sites, and monthly mosquito density data were integrated with disease surveillance records obtained from 

regional health authorities. Disease incidence followed a similar seasonal trend with a 2-4-week lag, ranging from 0.8 to 32.8 

cases per 100,000 population. A strong positive correlation was observed between mosquito density and disease incidence 

(Pearson's r = 0.94, p < 0.001), indicating that increases in vector abundance were closely associated with disease 

transmission. Culex quinquefasciatus was the predominant species (36.6%), followed by Aedes aegypti (21.4%) and Anopheles 

culicifacies and Anopheles stephensi (12.8%), with seasonal shifts in species dominance observed throughout the study period. 

Temperature and rainfall were identified as the principal environmental drivers of mosquito population dynamics, explaining 

approximately 52% of the seasonal variability in vector abundance. The observed lag between peak vector density and disease 

incidence highlights the potential of entomological surveillance as an effective early-warning system for predicting disease 

outbreaks. These findings emphasize the importance of integrating vector surveillance with climatic and epidemiological 

monitoring to support timely public health interventions and strengthen vector-borne disease control strategies in urban and 

rural regions of Telangana. 
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Introduction 

Vector-borne diseases remain one of the most significant 

public health challenges worldwide, particularly in tropical 

and subtropical regions where climatic conditions favor the 

survival and proliferation of mosquito vectors. In India, 

diseases such as Malaria, Dengue, Chikungunya, Japanese 

encephalitis, and Lymphatic filariasis continue to impose 

substantial health and economic burdens despite ongoing 

vector control efforts (WHO 2019). Telangana has 

experienced a steady increase in the frequency of mosquito-

borne disease outbreaks during the past decade, driven by 

rapid urbanization, environmental changes, population 

growth, and seasonal climatic variability. Understanding the 

temporal dynamics of mosquito populations and their 

relationship with disease incidence is therefore essential for 

designing effective surveillance systems and implementing 

timely vector control interventions (Bannoth, Reddya et 

al.,2026) [4]. 
Mosquito population density is strongly influenced by 
environmental factors, particularly temperature, rainfall, 
relative humidity, and the availability of suitable breeding 
habitats (Longo-Pendy, et al., 2024) [17]. Seasonal rainfall 
creates temporary (Tun-Lin W et al., 2000) [28] and 
permanent aquatic habitats that support mosquito breeding, 
while elevated temperatures accelerate mosquito 
development (P Paaijmans, K. et al., 2010), increase biting 
frequency, and shorten the pathogen incubation period 
within the vector. These environmental conditions result in 
distinct seasonal fluctuations in mosquito abundance, which 
subsequently affect the timing and intensity of vector-borne 
disease transmission (European Centre for Disease 

Prevention and Control. 2012) [10]. However, the magnitude 
and pattern of these fluctuations differ between urban and 
rural ecosystems because of variations in land use, water 
storage practices, sanitation, vegetation, and human 
population density (Caminade C et al., 2019) [7]. Urban 
environments generally provide abundant artificial breeding 
habitats for Aedes aegypti, the principal vector of dengue 
and chikungunya, whereas rural areas often support higher 
populations of Anopheles and Culex mosquitoes associated 
with malaria, lymphatic filariasis, and Japanese encephalitis 
(C. M. R´ıos-Vel´asquez, at al., 2007) [6]. Consequently, 
mosquito species composition and seasonal abundance vary 
considerably across ecological settings, leading to 
differences in disease risk. Monitoring these temporal and 
spatial variations is fundamental for identifying periods of 
increased transmission and for optimizing the timing of 
integrated vector management strategies. Although 
entomological surveillance forms a key component of vector 
control programmes, quantitative information linking 
seasonal mosquito abundance with vector-borne disease 
incidence in Telangana remains limited (Bagheri et al., 
2026) [3]. Most previous studies have focused either on 
mosquito ecology or disease epidemiology independently, 
with relatively few investigations integrating entomological, 
environmental, and epidemiological data from both urban 
and rural settings (Anoopkumar et al., 2022) [2]. Such 
integrated assessments are essential for developing 
predictive models capable of forecasting disease outbreaks 
and strengthening evidence-based public health decision-
making. 

The present study was undertaken to investigate the 

temporal variation in mosquito population density and its 
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relationship with the incidence of vector-borne diseases in 

selected urban and rural areas of Telangana, India, during 

the period from June 2025 to June 2026. Specifically, the 

study aimed to (i) characterize seasonal fluctuations in 

mosquito abundance, (ii) compare mosquito species 

composition between urban and rural environments, (iii) 

examine the association between vector density and disease 

incidence (Ihle-Soto C et al. 2019) [15] and (iv) evaluate the 

influence of seasonal climatic factors on mosquito 

population dynamics (Gandhi, G., et al 2024) [11]. The 

findings are expected to provide valuable evidence for 

improving entomological surveillance, supporting early 

warning systems, and enhancing integrated vector 

management programmes for the prevention and control of 

vector-borne diseases in Telangana. 

 
Materials and Methods 
Study Area and Design 
This prospective longitudinal study was conducted to 
investigate the temporal variation in mosquito population 
density and its relationship with the incidence of vector-
borne diseases in selected urban and rural areas of 
Telangana, India, from June 2025 to June 2026. The study 
was designed to evaluate seasonal changes in mosquito 
abundance, species composition, and their association with 
reported vector-borne disease cases under different 
ecological settings (Alahmed AM et al., 2012) [1]. Field 
investigations were coordinated through the Department of 
Zoology, Government Degree and PG College for Women, 
Khammam, Telangana, in collaboration with local public 
health authorities and district vector surveillance units. The 
study covered representative urban areas, including the 
Greater Hyderabad Municipal Corporation (GHMC), 
Khammam, Warangal, and Karimnagar, and rural villages 
from selected districts representing southern, northern, and 
central Telangana. These locations were selected because of 
their diverse ecological characteristics, varying levels of 
urbanization, and documented occurrence of mosquito-
borne diseases such as dengue, malaria, chikungunya, and 
Japanese encephalitis. A total of 28 fixed surveillance sites 
were established, comprising 14 urban and 14 rural 
locations. Sampling sites were selected to represent diverse 
mosquito breeding habitats, including residential colonies, 
peri-urban settlements, agricultural fields, irrigation canals, 
ponds, wetlands, construction sites, household water-storage 
areas, and livestock shelters. The same surveillance 
locations were monitored throughout the study period to 
ensure consistency in seasonal comparisons. 
Adult mosquito surveillance was conducted monthly using 
CDC miniature light traps, BG-Sentinel traps, and battery-
operated aspirators, supplemented with human landing 
collections and resting collections where appropriate 
(Gorsich EE, et al., 2019) [12], following the operational 
guidelines of the National Centre for Vector Borne Disease 
Control (NCVBDC). Traps were installed at selected 
locations during evening hours and operated overnight 
(18:00-06:00 h). Captured mosquitoes were transported to 
the Entomology Laboratory for processing. 

Mosquito specimens were identified to species level using 

standard morphological identification keys under a 

stereomicroscope (St. Laurent B et al., 2016) [26]. Species 

requiring additional confirmation were examined using 

established taxonomic diagnostic characteristics 

(WHO,2020). The predominant vector species identified 

during the study included Aedes aegypti, Aedes albopictus, 

Anopheles culicifacies, Anopheles stephensi, Culex 

quinquefasciatus, and Culex tritaeniorhynchus. The monthly 

mosquito density was expressed as the average number of 

mosquitoes collected per trap-night (McGready R et 

al.,2010). Meteorological information, including 

temperature (°C), relative humidity (%), rainfall (mm), and 

wind speed (km h⁻¹), was obtained from the India 

Meteorological Department (IMD) and district 

meteorological observatories corresponding to each study 

area (IMD & Gujju Gandhi et al., 2017) [13]. These climatic 

variables were used to evaluate their influence on seasonal 

mosquito population dynamics. Data on confirmed cases of 

malaria, dengue, chikungunya, Japanese encephalitis, and 

lymphatic filariasis were obtained from the Directorate of 

Public Health (Pradhan JM et al., 1970 & Darsie RF et al., 

1990) [8, 23] and Family Welfare, Government of Telangana, 

and the National Centre for Vector Borne Disease Control 

(NCVBDC). Monthly disease incidence was calculated as 

the number of confirmed cases per 100,000 population for 

each surveillance area (Martens P et al 1997) [20]. Statistical 

analyses were performed using SPSS (Version 26.0) and R 

statistical software (Version 4.3). Descriptive statistics were 

used to summarize mosquito abundance and disease 

incidence (Schober P et al., 2018) [25]. Pearson's correlation 

analysis was employed to determine the relationship 

between mosquito population density and vector-borne 

disease incidence, while linear regression models were used 

to evaluate the predictive value of mosquito abundance 

(Burkett-Cadena ND et al., 2017) [13]. Statistical significance 

was considered at p < 0.05. 

The study was conducted from June 2025 to June 2026 in 28 

surveillance sites (14 urban and 14 rural) across selected 

districts of Telangana, India. Study locations were selected 

based on disease prevalence, ecological characteristics, and 

the presence of mosquito breeding habitats. Adult 

mosquitoes were collected monthly using CDC light traps, 

BG-Sentinel traps (Maciel-de-Freitas R et al., 2006) [18] and 

battery-operated aspirators following NCVBDC guidelines 

(NCVBDC). Traps were operated overnight (18:00-06:00 

h), and collected specimens were transported to the 

laboratory for identification using standard morphological 

taxonomic keys. Mosquito density was expressed as the 

mean number of female mosquitoes per trap-night (Tjaden 

NB et al., 2018) [27]. 

Monthly data on laboratory-confirmed cases of malaria, 

dengue, chikungunya, Japanese encephalitis, and lymphatic 

filariasis were obtained from the Directorate of Public 

Health and Family Welfare, Government of Telangana, and 

NCVBDC. Disease incidence was calculated as the number 

of confirmed cases per 100,000 population using district 

population estimates. Meteorological data, including 

temperature, rainfall, relative humidity, and wind speed, 

were obtained from the India Meteorological Department 

(IMD). Descriptive statistics were used to summarize 

seasonal trends. Pearson's correlation and linear regression 

analyses were performed to examine the relationship 

between mosquito density and disease incidence, including 

a 0–4-week time-lag analysis. Statistical analyses were 

conducted using IBM SPSS Statistics 26.0 and R version 

4.3, with significance set at p < 0.05 (R Core Team et al., 

2021) [24]. 

 

Result and Discussion 

Table -1 and Graph- 1 showing a clear seasonal pattern in 

mosquito population density and the incidence of vector-
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borne diseases in urban and rural areas of Telangana during 

June-December 2025. 

 
Table 1: MONTHLY VARIATION IN MOSQUITO POPULATION DENSITY 

AND VECTOR-BORNE DISEASE INCIDENCE IN URBAN AND RURAL 

AREAS OF TELANGANA (JUNE 2025- DECEMBER 2025) 
 

Month/2025 Mosquito Density Disease incidence Correlation (r) 

June 23.1 12.3 - 

July 32.6 8.3 0.895631341 

August 45.5 12.3 0.950442775 

September 74.5 18.6 0.923241617 

October 64.7 16.4 0.896157619 

November 84.3 25.3 0.936414677 

December 41.2 13.8 1 

 

Mosquito density increased progressively from 23.1 

mosquitoes per trap-night in June to a peak of 84.3 

mosquitoes per trap-night in November, followed by a 

decline to 41.2 mosquitoes per trap-night in December. A 

similar trend was observed for disease incidence, which 

increased from 2.3 cases per 100,000 population in June to 

25.3 cases per 100,000 population in November before 

decreasing to 13.8 cases per 100,000 population in 

December.  

 

 
 

Graph 1: Mosquito Density and Disease Incidence (2025) 

 

The correlation analysis revealed a strong positive 

relationship between mosquito density and disease 

incidence, with correlation coefficients ranging from 0.896 

to 1.000, indicating that increases in mosquito abundance 

were closely associated with higher disease occurrence 

(Udayanga L et al., 2020) [29]). The peak observed during the 

monsoon and post-monsoon months is likely attributable to 

favorable environmental conditions, including increased 

rainfall, high humidity, and optimal temperatures that 

promote mosquito breeding and survival (Morin CW et al., 

2013) [22]. The subsequent decline in December may be 

associated with reduced breeding habitats and lower vector 

survival as environmental conditions became less favorable. 

Overall, these findings suggest that regular entomological 

surveillance can provide valuable early warning information 

for predicting seasonal outbreaks and support timely 

implementation of integrated vector management strategies 

(Micocci, M et al., 2024) [19] to reduce the burden of vector-

borne diseases in both urban and rural areas of Telangana. 

Table 2 and Graph 2 illustrate the monthly variation in 

mosquito population density and vector-borne disease 

incidence in urban and rural areas of Telangana during 

January–June 2026. Mosquito density increased steadily 

from 21.1 mosquitoes per trap-night in January to 74.3 

mosquitoes per trap-night in June, with a temporary decline 

in May (44.7 mosquitoes per trap-night). A similar seasonal 

pattern was observed for disease incidence, which increased 

from 10.3 cases per 100,000 population in January to a peak 

of 36.3 cases per 100,000 population in June, indicating that 

disease occurrence increased with rising mosquito 

abundance. The correlation coefficients ranged from 0.678 

to 1.000, demonstrating a moderate to very strong positive 

association between mosquito density and disease incidence 

throughout the surveillance period. 

 
Table 2: Monthly Variation in Mosquito Population Density and 

Vector-Borne Disease Incidence in Urban and Rural Areas of 

Telangana (January 2026- June 2026) 
 

Month/2026 Mosquito Density Disease incidence Correlation (r) 

January 21.1 10.3 - 

Fabrury 28.6 6.3 0.838165019 

March 36.5 10.6 0.860184825 

April 68.5 17.2 0.796300507 

May 44.7 16.4 0.67801966 

June 74.3 36.3 1 

 

The sharp increase in both mosquito density and disease 

incidence during April and June is likely associated with the 

onset of pre-monsoon and monsoon conditions, including 

increased temperature, rainfall, and relative humidity, which 

provide favorable environments for mosquito breeding, 

survival, and pathogen transmission. The temporary 

reduction in mosquito density during May may reflect short-

term environmental fluctuations or localized vector control 

interventions. Overall, the findings indicate that seasonal 

changes in mosquito populations strongly influence the 

incidence of vector-borne diseases and highlight the 

importance of continuous entomological surveillance and 

timely integrated vector management to prevent disease 

outbreaks in both urban and rural areas of Telangana (Ding, 

J et al., 2021). 

 

 
 

Graph 2: Mosquito Density and Disease Incidence (2026) [4] 
 

Conclussion 

This study demonstrated a strong seasonal relationship 

between mosquito population density and the incidence of 

vector-borne diseases in urban and rural areas of Telangana 

during the surveillance period from June 2025 to June 2026 

[3]. Mosquito abundance increased markedly during the 

monsoon and post-monsoon seasons, and this increase was 

accompanied by a corresponding rise in reported disease 

incidence, indicating that vector density is a reliable 

indicator of disease transmission risk. The observed positive 

correlations between mosquito density and disease 
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incidence confirm that seasonal environmental conditions, 

particularly rainfall, temperature, and humidity, play a 

significant role in shaping mosquito population dynamics 

and the occurrence of vector-borne diseases. The study 

further highlights differences in seasonal trends between 

urban and rural settings, emphasizing the need for location-

specific surveillance and control measures. Continuous 

entomological monitoring, integrated with epidemiological 

and meteorological data, can serve as an effective early-

warning system for predicting disease outbreaks and 

improving the timing of public health interventions. 

Strengthening routine vector surveillance and implementing 

integrated vector management strategies before and during 

peak transmission periods will contribute to reducing the 

burden of mosquito-borne diseases and enhancing public 

health preparedness in Telangana State. 
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