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Background & objectives: The influence of temperature on the life cycle of mosquitoes as well as on 
development of malaria parasite in mosquitoes is well studied. Most of the studies use outdoor 
temperature for understanding the transmission dynamics and providing projections of malaria. As the 
mosquitoes breed in water and rest usually indoors, it is logical to relate the transmission dynamics with 
temperature of micro-niche. The present study was, therefore, undertaken to understand the influence 
of different formats of temperature of different micro-niches on transmission of malaria for providing 
more realistic projections. 
Methods: The study was conducted in one village each of Assam and Uttarakhand States of India. 
Temperatures recorded from outdoor (air) as well as indoor habitats (resting place of mosquito) were 
averaged into daily, fortnightly and monthly and were used for determination of transmission windows 
(TWs) for Plasmodium vivax (Pv) and P. falciparum (Pf) based on minimum temperature threshold 
required for transmission. 
Results: The daily temperature was found more useful for calculation of sporogony than fortnightly and 
monthly temperatures. Monthly TWs were further refined using fortnightly temperature, keeping in 
view the completion of more than one life cycle of malaria vectors and sporogony of malaria parasite in 
a month. A linear regression equation was generated to find out the relationship between outdoor and 
indoor temperatures and R2 to predict the percentage of variation in indoor temperature as a function of 
outdoor temperature at both localities. 
Interpretation & conclusions: The study revealed that the indoor temperature was more than outdoors 
in stable malarious area (Assam) but fluctuating in low endemic area like Uttarakhand. Transmission 
windows of malaria should be determined by transforming outdoor data to indoor and preferably at 
fortnightly interval. With daily recorded temperature, sporogonic and gonotrophic cycles can also be 
calculated which is otherwise not possible with monthly data. The study highlights that the projections 
made for malaria in view of climate change need to be seen with limitation of difference in outdoor and 
indoor temperatures at different locations, highlighting the need for local data generation at least at 
sub-district level.
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 It is well known that transmission dynamics of 
malaria is climate sensitive and temperature affects the 
development of immature stages of mosquito vectors 
in water bodies, extrinsic incubation period of malaria 
parasite in adult mosquitoes and their survival1-5. 
With the projected threat of climate change on vector 
borne diseases, various studies have been undertaken 
in the last two decades using climatic factors for 
modelling the projection of malaria transmission6-11. 
In almost all the studies modelling has been done 
using monthly mean temperature of outdoors recorded 
by meteorological stations. Similarly, for studying 
the capacity of mosquitoes to transmit parasites, the 
researchers have considered constant temperatures4,12 
and, therefore, the daily/fortnightly temperature 
variations and consequent impact on vector-parasite 
interactions have been overlooked. Studies on 
climate and malaria transmission have indicated the 
significance of microclimate of adult mosquitoes and 
diurnal temperature range on malaria transmission13,14. 
As the immature stages of mosquitoes complete their 
life cycle in water and adults usually rest indoors 
in human dwellings15,18, cattle sheds or sometimes 
outdoors, the air temperature recorded does not seem 
logical to apply uniformly to various habitats19. A 
study undertaken in urban area of Chennai (India) 
observed varying temperature in different micro-
niches20. Though malaria transmission is influenced 
by temperature, rainfall, relative humidity (RH) and 
wind speed, etc., temperature is the most important 
limiting factor for absence/presence of vectors/malaria 
at a given place in spite of most suitable rainfall or 
RH. The present study was planned to assess the 
implication of outdoor versus indoor temperatures in 
different ecological settings using different formats of 
temperatures (4 hourly, daily, fortnightly and monthly) 
on transmission windows of malaria. 

Material & Methods 

 Two geographically different villages, one 
from a malaria endemic plain area (Lahorijaan Tea 
Estate), under primary health centre (PHC) Bokajan, 
Karbi Anglong, Assam and the other from a malaria 
vulnerable hilly area Bhorsa, under PHC Bhimtal, 
Nainital, Uttarakhand, India, were selected for the 
study. The study villages are located >1800 km apart 
having varying climatic conditions, altitude, malaria 
endemicity and vectors. Lahorijaan is situated at 138 
m altitude having Anophales minimus, An fluviatilis 
and increased density of An culicifacies as malaria 
vectors with high malaria endemicity. On the other 

hand, Bhorsa is a malaria vulnerable area with recent 
occurrence of malaria cases since 2009 (unpublished 
observation), located in hilly area at 609 m altitude 
where An. culicifacies and An. fluviatilis are the 
major malaria vectors. Resting An. fluviatilis, and An. 
culicifacies vectors were reported from indoors in 
district Nainital and Karbi Anglong while An. minimus 
was reported to be outdoor resting mosquito21,22. Houses 
in Lahorijaan were made of usually bamboo sheet 
plastered with mud having tin roof while in Bhorsa, 
the dwellings were stony/brick made and plastered 
with cement. Temperature was recorded from indoors 
(from human dwellings as usual resting habitats 
of mosquitoes) and outdoors in open space (where 
usually the meteorological data were recorded by 
meteorological station). For recording the temperature, 
HOBO data logger (Onset, USA) were installed on 
walls in corner of human dwellings where mosquitoes 
usually rest and in open space were fixed in Stevenson 
screen above 2 m from the ground (i.e. two HOBOs 
per village) as per standard method for recording air 
temperature23. The study was conducted from June, 
2012 to May, 2013 and October, 2012 to September, 
2013 at Lahorijaan and Bhorsa, respectively. The study 
was launched simultaneously at both the sites but due 
to malfunctioning of data-loggers at Bhorsa, the date 
of recording temperature differed. Data on monthly 
incidence of malaria in the concerned PHC for the 
study period were collected so as to compare with 
determined transmission window (TW) of malaria. In 
Uttrakhand, Bhimtal PHC did not report any malaria 
case during the study period; however, stray malaria 
cases were recorded in 2009, 2011 and 2012 from 
Bhorsa (unpublished observation).

 Four-hourly generated temperature data from 
indoor and outdoor habitats were plotted to show the 
daily variations within a day as well as daily (31 days) 
as a representative of peak malaria month i.e., July and 
October at Lahorijaan and Bhorsa, respectively based 
on data in previous years collected from concerned 
PHCs. Four hourly data of temperature were then 
averaged to daily mean temperature, fortnightly and 
monthly mean temperature. Transmission windows 
for malaria parasite development were determined 
following the lower cut-off of temperature ranging 
from 14.5 and 16°C for Plasmodium vivax (Pv) and  
P. falciparum (Pf) while 32°C as upper cut-off for both 
parasites8,9. 

 F-test one tail with 95% confidence interval was 
applied for comparing the variance in four hourly and 



daily temperatures in both habitats at both localities. 
To find out the correlation between these two variables 
(viz. outdoor temperature as independent variable and 
indoor temperature as dependent variable) a linear 
regression equation (on fortnightly and monthly basis) 
was generated. A coefficient of determination (R2) was 
derived to find out as to how much variation in indoor 
temperature could be explained by the relationship to 
outdoor temperature.

Results

 Figure 1 depicts four-hourly and daily temperatures 
recorded indoor and outdoor, during peak malaria 
month of July at Lahorijaan location. The four-
hourly indoor temperature remained in the range 
of 27- 35.5°C as minimum and maximum (mean 
temperature = 30.44± 2.02, variance= 4.08) while the 
outdoor temperature ranged from 24.4-35.5°C (mean 
temperature =28.83±2.75, variance= 7.61) (Fig. 1a). 
Within a day the four-hourly indoor temperature was 
more than outdoor temperature and the difference 
being a maximum of 4.49°C but more variation was 
observed in outdoor temperature (P<0.05). In outdoor, 
the fluctuation within a day ranged from 0.83 to 10.1°C 
while in indoors it was 1.16-8.2°C indicating stability 
of temperature in indoors. When the temperature was 
averaged on daily basis, the mean indoor temperature 
was found always more than the outdoor (Fig. 1b) and 
the difference ranged from 0.97-3.08°C, the maximum 
being in the month of November. 

 At Bhorsa, four-hourly indoor temperature ranged 
from 13.9-28.2°C (indoor mean temperature = 19.75 ± 
3.46, variance = 12.0) while outdoor temperature from 
12.9-30.2°C (outdoor temperature mean = 19.1 ± 4.12, 
variance= 16.99) which showed lower range of indoor 
temperature more than outdoor temperature while 
the upper range of temperature was more in outdoors  
(Fig. 2a). Within a day, the four-hourly indoor 
temperature was most of the time more than outdoor 
except day time and the maximum difference between 
outdoor and indoor temperatures was 8°C. Significantly 
more variation was observed in outdoor temperature 
(P<0.05). In outdoor situation, temperature within a 
day ranged from 2-12°C while it was 2-4°C indoors 
indicating less fluctuation in indoor as compared to 
outdoor temperature. There was fluctuation in daily 
indoor and outdoor temperatures from October to 
March (up to ±2°C). After March 2013, the daily indoor 
temperature remained mostly more than outdoor up to 

the difference of 7.3°C in the month of August 2013 
(Fig. 2b). 

 At Lahorijaan, determination of TWs based on 
monthly indoor temperature showed opening for 12 
months for Pv, as compared to 11 months using outdoor 
temperature (Fig. 3a). On the other hand, the TWs of Pf 
showed opening for 12 and 10 months with indoor and 
outdoor temperatures, respectively (Fig. 3b). The data 
of temperature computed at fortnightly basis showed 
opening of TWs for all the 24 fortnights (12 months) 
using indoor temperature for Pv and Pf while with 
outdoor temperature, TWs were open for 23 fortnights 
for Pv and 21 fortnights for Pf (Fig. 3c, d). In the 
fortnights commencing from December 1 to January 2, 
indoor temperatures were 20.0, 17.8, 16.7 and 18.0°C 
while outdoor temperatures were 17.5, 15.1, 14.2 and 
15.6°C showing that indoor temperature was more in 
critical colder months making all the fortnights open 
for malaria transmission. 

 At Bhorsa, with indoor and outdoor monthly 
temperatures, months of opening of TWs were same 
for Pv and Pf, i.e. closed from November to February 
(Fig. 4a, b). However, based on fortnightly mean 
indoor temperature, TWs showed opening for 17 and 
16 fortnights for Pv and Pf, respectively (Fig. 4c, d). 
At Lahorijaan the indoor temperature was consistently 
more during nine months while at Bhorsa it was highly 
fluctuating between outdoor and indoor. When the 
monthly malaria data were compared with TWs based 
on indoor temperature it matched with the closing of 
TWs at Lahorijaan (Fig. 5). 

 The correlation between monthly recorded indoor 
and outdoor temperatures was r = 0.974 (P<0.001) 
at Lahorijaan and r = 0.937 (P<0.001) at Bhorsa, 
respectively (Fig. 6a, c). In simple linear regression 
equation the first derivative (dy/dx) showed the rate 
of change in indoor temperature over the outdoor as 
an increasing function of dy/dx as 0.762 and 1.144 
in Lahorijaan and Bhorsa, respectively. The variation 
in indoor temperature as a function of outdoor 
temperature could be predicted up to 87 per cent (R2= 
0.878) and 94 per cent (R2= 0.949) for high and low 
endemic areas with standard error 1.642 and 1.712, 
respectively. With fortnightly recorded temperature, 
similar results were also obtained with more strong 
correlation and the coefficient of determination at both 
localities [Lahorijaan (R² = 0.993, r = 0.996, P<0.001), 
Bhorsa (R² = 0.951, r = 0.975, P<0.001)] (Fig. 6b, d).
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Fig. 3. Transmission windows (TW) of malaria based on monthly temperatures (a) Pv (b) Pf, and fortnightly temperature (c) Pv (d) Pf at 
Lahorijaan TE. With indoor temperature, TWs are open for 12 months / 24 fortnights while with outdoor temperature, TWs are closed for 0-2 
months /1-3 fortnights for Pv & Pf, respectively. I and II represent two fortnights of a month.

Fig. 4. Transmission windows (TWs) of malaria based on monthly temperature (a) Pv (b) Pf showing opening of windows for all months and 
based on fortnightly temperature (c) Pv (d) Pf, showing opening of window for 17 and 16 fortnights for Pv and Pf transmission, respectively 
at Bhorsa. I and II represent two fortnight of a month.

Discussion 

 The study revealed that temperatures of the 
indoor habitats were always more than the outdoor 
in Lahorijaan, indicating that the indoor resting 
habitats provided better conditions for resting of 

adult mosquitoes and development of parasite in the 
mosquito vectors in high endemic areas of malaria. 
On the other hand, fluctuations in indoor and outdoor 
temperatures at Bhorsa site were quite frequent 
affecting the transmission dynamics typical of unstable 
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malarious area. The importance of temperature of 
external air and of resting habitats of mosquitoes 
was recognized decades ago24,25, for calculation of 
sporogony of malaria parasites. Although indoor biting 
and resting behaviour of anophelines has been studied 
in India26-28 as well as globally29,30, but studies assessing 
the impact of temperature of micro-niches on survival 
of vectors species and resultant malaria transmission 
are rare.

 Four-hourly data of temperature showed different 
outcome in terms of daily, fortnightly and monthly 
temperature and corroborated the postulation that 
small differences between temperatures could result 
in large differences31 in transmission of malaria. Based 
on the hourly temperature, diurnal, nocturnal and 
the temperature prevalent at the time of mosquitoes 
coming out of indoor habitats for foraging and 
egg laying can be determined. In addition to daily 
temperature, it is possible to determine sporogonic and 
gonotrophic cycles and degree days as well32. With 
monthly temperature, sporogonic and gonotrophic 
cycles cannot be calculated and most of the finer 
details of fluctuation within 30 days are masked and 
do not seem appropriate33 for analyzing the relationship 
between temperature and transmission dynamics and 
distinctively for the completion of life of mosquito and 
extrinsic incubation period, which is usually less than 
one month. Blanford et al34 have also mentioned that the 
use of only mean monthly temperature cannot define 

the transmission environment for parasite development. 
The applicability of using temperature at less than 
monthly resolution would affect the projected scenarios 
of malaria transmission in view of climate change as 
these have been done on the basis of monthly mean 
temperatures. Paaijmans et al14 have demonstrated that 
there is remarkable difference in mosquito infection 
rate at a difference of 2°C and also reduction in 
vectorial capacity at higher temperature, which further 
highlights the importance of difference between indoor 
and outdoor temperatures as crucial factor in host 
parasite interaction. Based on the difference in outdoor 
and indoor temperatures, the unstability/ stability of 
malaria transmission could also be explained by high 
fluctuation versus consistent temperature. 

 Most of the models of climate change have projected 
changes in climate or disease at global or regional 
level at monthly interval. Therefore, the projections 
made for malaria in view of climate change based 
on air temperature should be viewed with limitation 
of not using temperature data of indoors. This study 
highlights the importance of local data generation at 
least at sub-district level for understanding/ projecting 
the impact of climate change in view of variations in 
outdoor and indoor temperatures at different locations. 
The transmission windows of malaria should be 
determined based on mean temperature of indoor (for 
indoor resting vectors, which can be derived from 
outdoor temperature also using the regression model 

Fig. 5. Monthly malaria cases collected from Bokajaan PHC for Lahorijaan study site, showing occurrence of malaria cases  
throughout the year.
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in similar geographic areas) preferably with fortnightly 
temperature. Further studies are required on resting 
behaviour of malaria vectors, implications of different 
types of houses in varying temperature and relative 
humidity versus outdoor temperature in different eco-
epidemiological settings. 
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