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Rajasthan, is one of the dengue endemic States in 
India1-4. Along with dengue fever (DF), its more severe 
form, dengue haemorrhagic fever (DHF) is the major 
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Background & objectives: Dengue haemorrhagic fever (DHF) is the major cause of sustained morbidity/
mortality among human cases of dengue in dengue endemic areas of Rajasthan. Screening of mosquitoes 
collected from disease endemic settings and typing the virus could provide signifi cant epidemiological 
information for prospective risk of DHF. We therefore carried out a study on different dengue virus types 
as occurring in fi eld collected Aedes aegypti mosquitoes from four dengue endemic districts of Rajasthan, 
India.    

Methods: Adult Ae. aegypti were collected from the human dwellings of urban, peri-urban and rural Ae. aegypti were collected from the human dwellings of urban, peri-urban and rural Ae. aegypti
settings of four dengue endemic districts of Rajasthan, India. The fi eld collected adults were fed on 4 per 
cent glucose solution and kept in the laboratory for 3-4 days. The adult fi eld collected Ae. aegypti, were 
subjected to indirect fl uorescence antibody test (IFAT) following standard procedure. Commercially 
acquired monoclonal antibodies against DEN types 1, 2, 3 and 4 were used. The remnants of IFA test 
subjected mosquitoes were made into viral suspension which was inoculated into the cell culture medium 
and mouse brain to confi rm the presence of virus as shown by IFA test.

Results: Of the 498 adult Ae. aegypti tested, 78 (15.6%) were positive by IFA test.  Among urban areas, desert 
area (Jodhpur) showed highest (21.6%) mosquito infectivity followed by 7.1 per cent in forest and river area 
(Kota) and least (3.2%) in semi-arid area (Jaipur). Among rural settings also, desert area showed maximum 
(25.0%) natural infection in mosquitoes followed by rural setting-1 of semi-arid area (24.1%). Among urban 
setting of desert area, all the four dengue types viz., DEN-1, 2, 3 and 4 were detected. In semi-arid area, urban 
settings showed presence of DEN-3, whereas among rural settings, rural-1 showed all the four DEN types, 
rural-2 showed DEN-1 and DEN-3, rural-4 showed DEN-3 and DEN-4, and rural-3 showed no mosquito 
infections. In forest and river area, among urban settings only, three DEN types, 1, 2 and 4 were observed. 

Interpretation & conclusion: In desert and semi-arid areas of Rajasthan, where people possess tendency 
of over- and sustained storage of domestic water, present observations on occurrence of all four dengue 
virus types may have important bearing on the epidemiology of DHF in the area.
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cause of sustained morbidity/mortality among human 
cases of dengue in this area (Hospital data, unpublished 
reports). To estimate the risk of DHF and to develop 



appropriate preventive measures there is a need to 
identify the foci of occurrence of multiple strains of 
dengue circulating in an endemic setting. Screening of 
mosquitoes of a setting and typing the virus they carry 
could be a tool to attain the above. 

The present study was undertaken in the districts 
with arid, semi-arid ecology, forest and river 
characteristics and in non arid districts of Rajasthan, 
India5. Owing to water scarcity and irregular water 
supply in most of the districts of this arid State, people 
have tendency to store the domestic water6. This 
practice ensures the availability of domestic breeding 
dengue vectors Ae. aegypti throughout the year and 
hence persistence of dengue virus. We have observed 
that persistence of virus through vertical route in the 
mosquitoes could be a retention mechanism of virus 
during inter epidemic period of disease (unpublished 
data). Realizing that availability of more than one type 
of dengue strain in the available vector fauna could be 
a signifi cant risk factor for the possibility of DHF, we 
undertook an extensive study on virus typing in fi eld 
collected mosquito samples of Ae. aegypti from urban 
and rural areas of four dengue endemic districts of 
Rajasthan. 

Material & Methods

Selection of study areas and collection of mosquitoes: 
Adult Ae. aegypti were collected from the human 
dwellings of urban, peri-urban and rural settings of 
dengue endemic districts of Rajasthan, India, from 
November 2006 through June 2007. The study areas 
were visited thrice, once during each set of months 
viz., November-January, February-March, and April-
June. The study areas were selected on the basis of 
their socio-ecological characteristics as classifi ed 
in the literature5. Jodhpur district represents desert 
area, Jaipur district represents semi-arid area, Kota 
district represents the area of forest and river, and 
Bharatpur district represents non desert area. The adult 
mosquitoes were collected from human premises from 
urban and rural areas and from tree holes of peri-urban 
settings. The fi eld collected adults were brought to 
the laboratory of Desert Medicine Research Centre, 
Jodhpur, and kept in barraud cages at about 25ºC 
ambient temperature and 60-70 per cent relative 
humidity. The mosquitoes were fed on 4 per cent 
glucose solution and were kept in the laboratory for 
3-4 days after bringing from the fi eld. 

Virus isolation and typing: The wild caught adult 
females were subjected for indirect fl uorescence 

antibody test (IFAT) after the digestion of blood7. 
Individual mosquitoes (not pools) were tested for 
the presence of virus. Head of each of mosquitoes 
tested was teased and divided into four parts. Each 
part was made into spot squash by pressing it on the 
slide through cover slip. From each of spot chitin was 
removed carefully. Dengue (DEN) specifi c monoclonal 
antibodies (MABs) of types 1, 2, 3 and 4 (obtained 
commercially from M/s Fitzgerald, Germany) were 
used on each of the parts of head squash tested. 
The part of head squash showing positive IFA test 
by reacting against a particular type of monoclonal 
antibody (DEN 1, 2, 3 or 4) was recorded to contain 
that particular dengue type. Fluorescence iso thio 
cyanate (FITC), procured from M/s Sigma, USA, was 
used, and Fluorescence Microscope model BH2 RFL1 
PM 10 ADS, (OLYMPUS, Japan) was used to view the 
detection of virus as fl uorescence.

To avoid possible bias in examining IFA test 
slides, negative controls (mosquitoes from areas other 
than study areas, showing no fl uorescence), positive 
controls (mosquitoes from areas other than study 
areas, showing fl uorescence) were shown to blinded 
observer to match the unbiased observations for IFA 
test positive and IFA test negative slides. Blinded and 
non blinded observers scored equally in positive and 
negative slides. 

To confi rm that IFA +ve mosquitoes contain 
viruses, remnants of a sample of mosquitoes showing 
positive IFA test were used for preparing suspension 
in bovine albumin. About 22 µl of suspension was 
intracerebrally inoculated into infant albino mice (2 
days old). The mice which developed sickness, were 
sacrifi ced in their last stage of activity, brains were 
dissected out and used to prepare virus suspension 
in phosphate buffer saline (PBS). Some tissues of 
mouse brain were made into a thin fi lm by pressing 
on slide through cover slip and slides were again 
subjected to IFA test to confi rm the presence of virus. 
To further verify the results of IFA test, remnants 
of  subsequent laboratory reared collection of 
mosquitoes (other than used for present study) being 
screened regularly in the laboratory and from IFA test 
positive, were ground, homogenized and made into 
a fi ltered suspension which was  inoculated in the 
cell culture medium (Mitsuhashi and Maramorosch 
medium). After 3-4 days samples from cell culture 
fl asks were subjected to IFA test to confi rm that IFA 
+ve mosquitoes contained viral infections. Cell lines 
C6/36 commercially procured from National Institute 
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of Cell Sciences, Pune, India, were used. Ethical 
approval for the study was obtained prior to the 
work.

Results

A total of 498 blood fed as well as unfed adult 
female Ae. aegypti were subjected individually to IFA 
test employing monoclonal antibodies against DEN 
1, 2, 3 and 4. Of these, 78 (15.6%) were positive by 
IFA test. Among urban settings of all the four study 
areas, desert area showed highest (21.6%) mosquito 
infectivity followed by 7.1 per cent in forest and river 
area and least (3.2%) in semi-arid area. Among rural 
settings also, desert area showed maximum (25.0%) 
natural infection in mosquitoes followed by rural 
setting-1 of semi-arid area (24.1%). In peri-urban 
settings, one of 11 mosquitoes tested showed positive 
IFA test in desert area. No mosquito infectivity was 
observed in the non desert area (Table).

Among urban setting of desert area, all the four 
dengue types viz., DEN-1, 2, 3 and 4 were detected. 

Maximum presence (37.1%) of DEN -2 and DEN-3 
(31.4%) was observed, while DEN-1 and DEN-4 were 
relatively less prevalent (14.2 and 17.1% respectively). 
In peri-urban setting of desert area DEN-3 was observed 
whereas, among rural settings DEN-2 was detected. 

In semi-arid area, urban settings showed presence 
of DEN-3, whereas among rural settings of this area, 
rural-1 showed all the four DEN types present, rural-2 
showed DEN-1 and DEN-3, rural-4 showed DEN-3 and 
DEN-4 and rural-3 showed no mosquito infections. 

In forest and river area, among urban settings, 
three DEN types, 1, 2 and 4 were observed, whereas, 
DEN-3 was not observed from these settings. Among 
rural settings of this area, in rural-1, only DEN-2 was 
present, in rural-2, DEN-1 and DEN-4 were present.    

The data showed that while in desert and semi-
arid areas, all the four DEN types were observed in 
urban settings, in forest and river area, DEN-3 was not 
observed. In non arid area no mosquito infection was 
observed. Pooled data suggested that in urban settings 

Table. Distribution of dengue types in Ae. aegypti of four endemic areas
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Desert:
Urban 162 35 21.6 5 14.2 13 37.1 11 31.4 6 17.1

Peri-urban  11 1 9.0 0 0.0 0 0.0 1 100 0 0.0

Rural 16 4 25.0 0 0.0 4 100 0 0.0 0 0.0

Semi-arid:

Urban  31 1 3.2 0 0.0 0 0.0 1 100 0 0.0

Rural -I 62 15 24.1 4 26.6 5 33.3 3 20.0 3 20.0

Rural-II 32 4 12.5 2 50.0 0 0.0 2 50.0 0 0.0

Rural-III 4 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Rural-IV 26 3 11.5 0 0.0 0 0.0 2 66.6 1 33.3

Forest & river:

Urban  70 5 7.1 3 60.0 1 20.0 0 0.0 1 20.0

Rural-I 27 3 11.1 0 0.0 3 100 0 0.0 0 0.0

Rural-II 36 4 11.1 1 25.0 0 0.0 0 0.0 3 75.0

Non arid:

Urban 21 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Total:

Urban 284 44 15.4 11 25.0 14 31.8 12 27.2 7 15.9

Peri-urban 11 1 9.0 0 0.0 0 0.0 1 100 0 0.0

Rural 203 33 16.2 7 21.2 12 36.3 7 21.2 7 21.2
Grand total: 498 78 15.6 18 23.0 26 33.3 20 25.6 14 17.9
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per cent positivity for DEN-2 was 31.8 per cent and in 
rural settings it was 36.3 per cent (Table).

Discussion

In desert and semi-arid areas of Rajasthan, India, 
where people have a tendency of over- and sustained 
storage of domestic water, the present observations 
on occurrence of all four dengue virus (DEN) types in 
fi eld collected Ae. aegypti show important bearing on 
the possibility of emergence of DHF in the area. It was 
interesting to observe that in both desert as well semi-
arid areas, among urban settings, all the four dengue 
types were observed, but in forest and river area DEN-
3 was not detected. These observations highlighted the 
specifi city of areas for maintaining particular DEN 
types.   

It has been reported that mosquitoes could be 
used as indices of propagating dengue viruses8. In 
the present study, the mosquito infections detected 
through positive fl uorescence of IFA test and their 
subsequent confi rmation in cell culture medium, and 
mouse brain indicate this technique, as the possible 
screening tool to estimate risk of DHF in an area. As 
study area is outbreak prone, the present approach of 
virus typing in fi eld collected mosquito samples could 
yield a powerful surveillance indicator to investigate 
current scenario of virus types available and develop 
predictors of the prospective risk of occurrence of 
DHF.
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