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Abstract 27	

Dengue has become a major public health problem in the last few decades 28	

with India contributing significantly to the overall disease burden. Most of the 29	

cases of Dengue from India are reported during Monsoon season. The vector 30	

population of dengue is affected by seasonal rainfall, temperature and 31	

humidity fluctuations. Rajasthan is northwestern state of India, which has 32	

shown several dengue outbreaks in the past. In this paper we have tried to 33	

analyze the effects of annual cumulative rainfall on Dengue incidence in one 34	

of the largest and severely affected states of India. Retrospective data for 35	

Dengue incidence and Rainfall for the state of Rajasthan was collected and 36	

Pearson’s coefficient correlation was calculated as a measure of association 37	

between the variables. Our results indicate that annual cumulative rainfall 38	

shows a strong positive correlation with dengue incidence in the state of 39	

Rajasthan. Such analyses have the potential to inform public health official 40	

about the control and preparedness for vector control during monsoon season. 41	

This is the first study from the Indian state of Rajasthan to assess the impact 42	

of annual rainfall on dengue incidence, which has seen several dengue 43	

outbreaks in the past. 44	
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Introduction 53	

Dengue fever, an arboviral disease has become a significant public health 54	

problem in the last three decades. It has found new geographical niches, 55	

establishing itself as an endemic disease [1]. Nearly, 3.9 billion people in 128 56	

countries are at risk of developing Dengue fever [2]. Substantial number of 57	

disease burden is contributed from India. In 2015 nearly 100,000 cases were 58	

reported from all the major Indian states and union territories [3]. The disease 59	

is caused by dengue virus of the family Flaviviridae and transmitted through 60	

an arthropod vector. The female of the  Aedes sp.  mosquito transmits the 61	

virus   as it sucks the blood for nurturing the eggs. The infection might remain 62	

asymptomatic or develop in dengue fever (DF) or a more severe form of 63	

Dengue hemorrhagic fever (DHF) [4]. In absence of any potent anti-virals, 64	

disease management and prevention is dependent upon supportive therapy 65	

and control of vector population [5,6]. The disease seems to have seasonal 66	

pattern, with monsoon season witnessing a large number of cases. The Indian 67	

sate of Rajasthan is an arid desert, which receives rainfall during the 68	

monsoon period starting from July to September. It is in this season that most 69	

of the dengue cases are reported. First documented study of Dengue in 70	

Rajasthan was recorded as far back as 1969 [7] and since then many cases 71	

of Dengue have been reported. Several studies have identified weekly and 72	

monthly rainfall patterns, temperature and humidity fluctuations as important 73	

factors contributing to the survival and dispersal of vector population [8-10]. 74	

Such studies have the potential to alarm public health agencies for impending 75	

outbreaks. In this study we have analyzed the correlation between annual 76	
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cumulative rainfall received and Dengue incidence for the Indian state of 77	

Rajasthan. 78	

Materials and method 79	

The city of Rajasthan is located 26.57268ON and 73.83902OE in northwestern 80	

India. It is the largest state geographically covering an area of 342,239 km2. 81	

According to the 2011 census the population of Rajasthan is estimated to be 82	

74,791,568 and population density is 200/km2. The climactic conditions of 83	

Rajasthan can be termed as dry and arid as vast swathes of land are covered 84	

with desert. Rainfall is received during the months between July to September. 85	

Winter, Pre-monsoon and Post-monsoon sees very little rainfall.  86	

The data for dengue incidence for Rajasthan was obtained from National 87	

vector borne disease control program (NVBDCP). Retrospective data of the 88	

past ten years from 2005 to 2015 was collected. Climate data for Rajasthan 89	

was obtained by the yearly weather reports published by Indian Metrological 90	

Department (IMD). Total annual rainfall along with winter, Pre-monsoon, 91	

monsoon and post-monsoon rainfall data were considered for the final 92	

analysis. Pearson coefficient was calculated to identify correlation between 93	

dengue cases and rainfall. Rainfall was considered as independent variables 94	

while annual number of dengue cases was considered as dependent variable. 95	

Results 96	

Retrospective data obtained from NVBDCP for the last 11 years (2005-2015) 97	

indicated that a total of 17008 cases and 108 deaths due to Dengue were 98	

reported from Rajasthan (Table 1). Maximum number of cases (n=4413) was 99	
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reported in the year 2013 and minimum number of cases (n=370) was 100	

reported in the year 2005 (Figure 1). The year 2006 witnessed maximum 101	

number of deaths (n=26) due to Dengue. Most parts of Rajasthan are an arid 102	

desert with hot and sub-humid climate. Rainfall is sparse and takes place in 103	

the months of July, August and September. An average of 92 percent rainfall 104	

took place in the monsoon season (Figure 2) with the year 2011 reporting 105	

maximum rainfall (638 mm) and the year 2009 reporting minimum rainfall (314 106	

mm). An analysis of correlation between annual cumulative rainfalls with 107	

incidence of dengue was carried out by calculating Pearson’s correlation 108	

coefficient (Table 2). An overall positive and moderately strong correlation 109	

(R=0.51) was found between the two variables indicating that rainfall does 110	

affect annual cases of Dengue in Rajasthan. The monsoon season receives 111	

maximum rainfall, and a concomitant rise in dengue cases has been observed. 112	

Analysis of dengue incidence with rainfall received during different seasons 113	

showed that the strongest correlation between dengue incidences was with 114	

rainfall pattern during monsoon season (Figure 1).   115	

Discussion 116	

Dengue continues to be a public health threat in India. It is found to be 117	

endemic in all the states and union territories of India. Rajasthan is a 118	

northeastern state with the largest landmass most of which is covered in 119	

desert. The climate is characterized by little rainfall, high wind velocity and 120	

hyperthermic conditions. With scarcity of water, people have a tendency of 121	

storing water for domestic use. The earliest published reports of dengue from 122	

the state were reported in the year 1969. Since then the city has seen many 123	

outbreaks of Dengue in the last couple of years [11,12]. Gathering and 124	
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availability of publically available data continues to be a stumbling block for 125	

the analysis of vector borne diseases in India. Though NVBDCP reports 126	

annual dengue incidence from each state separately, but lack of weekly or 127	

monthly breakup is still crucial in determining disease endemicity and reasons 128	

for sudden outbreaks. A major factor that contributes in disease incidence is 129	

rainfall. Over the years many reports have been published that indicate a 130	

seasonal pattern of dengue. In India most of the cases are reported during 131	

monsoon season, probably by providing optimal conditions for vector 132	

survivability. Weekly rainfall, temperature and humidity fluctuation have been 133	

shown to effect disease incidence however [13-17], there are conflicting 134	

reports on the affects of annual rainfall on Dengue incidence. We have 135	

analyzed the correlation between annual rainfall as reported by IMD in their 136	

yearly-published reports and annual dengue incidence for the state of 137	

Rajasthan. Our analysis indicates a moderate positive correlation between 138	

annual rainfall and dengue cases. We also analyzed correlation between 139	

rainfall received during winter, pre-monsoon, monsoon and post-monsoon 140	

season. Our results indicate an overall positive and strong correlation 141	

between dengue incidence and rainfall received during monsoon season. 142	

These results may not indicate causality but do suggest strong positive 143	

correlation between monsoon rainfall and dengue incidence. Evidently, 144	

climactic factors in the state of Rajasthan influence dengue incidence. Our 145	

study, though preliminary in nature, does point out annual rainfall as an 146	

important predictor of dengue incidence in Rajasthan. We do acknowledge 147	

the limitations of our study as weekly rainfall and dengue patterns are not 148	

available from either IMD or NVBDCP, which are better variables to be 149	
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considered for analysis. Nonetheless, in the dry and arid regions of Rajasthan 150	

where water availability is scarce and for most part of the year weather is 151	

generally very hot, monsoon season rainfall is a major contributor towards 152	

incidence of dengue. In absence of any therapeutic intervention, the control of 153	

Dengue is heavily dependent upon the control of vector population. 154	

Knowledge of weather variables that might influence disease incidence would 155	

be helpful in the control and limitation of Dengue incidence.  156	

Conclusion 157	

Weather variables are important determining factors for arboviral diseases. 158	

Prevalence of dengue during monsoon season in many parts of the world 159	

indicates a climatic correlation. Present study is an attempt at understanding 160	

the affects of annual rainfall on dengue incidence. By calculating Pearson’s 161	

correlation coefficient, we show a moderately strong positive influence of 162	

rainfall on dengue. Though preliminary in nature, our data justifies a need for 163	

a more thorough analysis of weather variables on dengue incidence. 164	

Additionally, public availability of weekly and monthly surveillance data for 165	

weather variables and Dengue incidence from Rajasthan and other parts of 166	

country will be helpful in predicting dengue outbreaks. Such analysis will help 167	

public health agencies in designing better approaches for the control of 168	

Dengue. 169	

Acknowledgements  170	

N/A.  171	

Funding  172	

No funding was received for this work.  173	

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted September 28, 2018. ; https://doi.org/10.1101/423517doi: bioRxiv preprint 

https://doi.org/10.1101/423517
http://creativecommons.org/licenses/by-nc-nd/4.0/


Availability of data and materials  174	

The datasets analysed during the current study is available from the 175	
corresponding author on reasonable request.  176	

Authors’ contributions  177	

NS collected and analyzed the data and wrote the manuscript  178	

Competing interests  179	

The authors declare that he has no competing interests.  180	

Consent for publication  181	

N/A.  182	

Ethics approval and consent to participate  183	

N/A.  184	

Author details  185	

1College of Medicine, Al-Imam Mohammad Ibn Saud Islamic University 186	
(IMSIU), Riyadh, Saudi Arabia.  187	

 188	

References  189	
 190	

1. Messina JP, Brady OJ, Scott TW, Zou C, Pigott DM, Duda KA, Bhatt S, 191	

Katzelnick L, Howes RE, Battle KE et al: Global spread of dengue virus types: 192	

mapping the 70 year history. Trends in microbiology 2014, 22(3):138-146. 193	

2. http://www.who.int/mediacentre/factsheets/fs117/en/ Accessed on 1st 194	

Oct. 2016 195	

3. http://nvbdcp.gov.in/den-cd.html 196	

4. Guzman MG, Gubler DJ, Izquierdo A, Martinez E, Halstead SB: Dengue 197	

infection. Nature reviews Disease primers 2016, 2:16055. 198	

5. Kularatne SA: Dengue fever. Bmj 2015, 351:h4661. 199	

6. Bowman LR, Donegan S, McCall PJ: Is Dengue Vector Control Deficient in 200	

Effectiveness or Evidence?: Systematic Review and Meta-analysis. PLoS 201	

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted September 28, 2018. ; https://doi.org/10.1101/423517doi: bioRxiv preprint 

https://doi.org/10.1101/423517
http://creativecommons.org/licenses/by-nc-nd/4.0/


neglected tropical diseases 2016, 10(3):e0004551. 202	

7. Ghosh SN, Pavri KM, Singh KR, Sheikh BH, D'Lima L V, Mahadev PV, 203	

Ramachandra Rao T: Investigations on the outbreak of dengue fever in Ajmer 204	

City, Rajasthan State in 1969. Part I. Epidemiological, clinical and virological 205	

study of the epidemic. The Indian journal of medical research 1974, 206	

62(4):511-522. 207	

8. Hii YL, Zhu H, Ng N, Ng LC, Rocklov J: Forecast of dengue incidence using 208	

temperature and rainfall. PLoS neglected tropical diseases 2012, 6(11):e1908. 209	

9. Chandy S, Ramanathan K, Manoharan A, Mathai D, Baruah K: Assessing 210	

effect of climate on the incidence of dengue in Tamil Nadu. Indian journal of 211	

medical microbiology 2013, 31(3):283-286. 212	

10. Sharmin S, Glass K, Viennet E, Harley D: Interaction of Mean Temperature 213	

and Daily Fluctuation Influences Dengue Incidence in Dhaka, Bangladesh. 214	

PLoS neglected tropical diseases 2015, 9(7):e0003901. 215	

11. Angel B, Joshi V: Distribution and seasonality of vertically transmitted dengue 216	

viruses in Aedes mosquitoes in arid and semi-arid areas of Rajasthan, India. 217	

Journal of vector borne diseases 2008, 45(1):56-59. 218	

12. Sood S: A hospital based serosurveillance study of dengue infection in jaipur 219	

(rajasthan) , India. Journal of clinical and diagnostic research : JCDR 2013, 220	

7(9):1917-1920. 221	

13. Colon-Gonzalez FJ, Fezzi C, Lake IR, Hunter PR: The effects of weather and 222	

climate change on dengue. PLoS neglected tropical diseases 2013, 223	

7(11):e2503. 224	

14. Wiwanitkit V: An observation on correlation between rainfall and the 225	

prevalence of clinical cases of dengue in Thailand. Journal of vector borne 226	

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted September 28, 2018. ; https://doi.org/10.1101/423517doi: bioRxiv preprint 

https://doi.org/10.1101/423517
http://creativecommons.org/licenses/by-nc-nd/4.0/


diseases 2006, 43(2):73-76. 227	

15. Goto K, Kumarendran B, Mettananda S, Gunasekara D, Fujii Y, Kaneko S: 228	

Analysis of effects of meteorological factors on dengue incidence in Sri Lanka 229	

using time series data. PloS one 2013, 8(5):e63717. 230	

16. Chien LC, Yu HL: Impact of meteorological factors on the spatiotemporal 231	

patterns of dengue fever incidence. Environment international 2014, 73:46-56. 232	

17. Choi Y, Tang CS, McIver L, Hashizume M, Chan V, Abeyasinghe RR, Iddings 233	

S, Huy R: Effects of weather factors on dengue fever incidence and 234	

implications for interventions in Cambodia. BMC public health 2016, 16:241. 235	

 236	

 237	

 238	

 239	

 240	

 241	

 242	

 243	

 244	

 245	

 246	

 247	

 248	

 249	

 250	

 251	

 252	

 253	

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted September 28, 2018. ; https://doi.org/10.1101/423517doi: bioRxiv preprint 

https://doi.org/10.1101/423517
http://creativecommons.org/licenses/by-nc-nd/4.0/


Figure Legends 254	

Table 1. Number of annually reported cases of Dengue, deaths and annual rainfall for 255	

the state of Rajasthan. 256	

Table 2. Correlation coefficient between dengue incidence and total, winter, 257	

pre-monsoon, monsoon and post-monsoon rainfall  258	

Figure 1. Comparison of dengue cases with annual cumulative rainfall 259	

Figure 2. Season-wise distribution of annual cumulative rainfall 260	
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Table 1 274	

Year Dengue 
cases 

Deaths Rainfall 

2005 370 5 438.8 
2006 1805 26 537 
2007 540 10 417.9 
2008 682 4 468 
2009 1389 18 313.6 
2010 1823 9 607.35 
2011 1072 4 637.85 
2012 1295 10 507 
2013 4413 10 612.15 
2014 1243 7 492.7 
2015 2376 5 554 
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Table 2 288	

    Rajasthan 
Rajasthan R 1. 
 R Standard Error   
 t   
 p-value   
Total Rainfall R 0.51 
 R Standard Error 0.082 
 t 1.779 
 p-value 0.109 
Winter rainfall R 0.352 
 R Standard Error 0.097 
 t 1.129 
 p-value 0.288 
Pre-monsoon rainfall R 0.015 
 R Standard Error 0.111 
 t 0.046 
 p-value 0.965 
Monsoon rainfall R 0.429 
 R Standard Error 0.091 
 t 1.426 
 p-value 0.188 
Post-monsoon rainfall R 0.405 
 R Standard Error 0.093 
 t 1.328 
 p-value 0.217 
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Figure 1 297	
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Figure 2 308	
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