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A B S T R A C T   

Background: Malaria prevention and control is a major public health problem of tropical countries 
including India. Usage of insecticide-treated bed nets, and early treatment especially in high-risk 
areas are the crucial factors for the malaria prevention at household levels. This study aimed to 
determine the crucial factors associated with malaria prevention at households’ level such as 
household’s characteristics, education, knowledge and awareness, insecticide treated bed nets 
usage, early treatment etc. 
Methods: Data of 1989 households was used from the cross-sectional survey of malaria-endemic 
areas of Assam. Principal component analysis and multinomial logistic regression model were 
used to compute the composite scores of malaria awareness and prevention practices, and to 
estimate the associated factors with malaria prevention practices, respectively. 
Results: The average age of household respondents were 41.1 ± 12.0 years and among them 71% 
were males. Almost 47% respondents were illiterate, and 38.6% of the respondents were farmers 
and 35% were employed. Multinomial logistic regression analysis indicates that malaria pre-
vention practices are associated with age, education, religion, type of house and occupation of 
household heads and their level of malaria awareness among them. The prevention practices were 
significantly five times associated [Adjusted Rates Ratio (ARR): 5.0, 95% CI: 2.7–9.4] with the 
high level of malaria awareness compared with the low level of awareness. Overall, the level of 
prevention awareness, education, occupation, and house type related to the standard of living was 
significantly associated with the malaria prevention practices. 
Conclusion: Malaria awareness and education are the key factors of malaria prevention practices 
that need to be accelerated for effective control of malaria. Malaria education and increasing 
awareness of people have a high impact on malaria prevention practices and their control.   

1. Background 

According to the WHO report 2020, nearly half of the world’s population was at risk of malaria and 229 million cases of malaria 
were estimated worldwide [1]. About 86% of all malaria deaths in the South-East Asia region were recorded in India. About 22% 
population of India lives in high transmission (>1 case per 1000 population) areas, 67% (838.9 m) live in low transmission (0–1 case 
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per 1000 population) areas, and 11% (137.7 m) live in malaria-free (0 cases) areas [2,3]. The major burden of malaria in India is 
contributed by the most backward, poor, and remote parts of the country, with 90–95% cases reported from rural areas and 5–10% 
from urban areas. States of Rajasthan, Gujarat, Karnataka, Goa, Southern Madhya Pradesh, Chhattisgarh, Jharkhand, and Orissa and 
North-Eastern states were accounted for more than 5 Annual Parasite Incidences (API) [4]. 

The seven North-Eastern states of India share 4% of the country’s population, but it contributes more than 15% of the total malaria 
cases of India [5,6]. Despite the high malaria transmission, malaria intervention was a challenging issue due to inaccessibility, difficult 
terrains, large forested areas, administrative issues in the inter-state and international border areas, frequent flooding, poor roads, and 
inadequate network connectivity [7]. Out of seven states of North-East India, Assam alone constitutes 70% of the total population of 
northeast India and is a major industrial state endowed with a huge rain forest reserve and natural resources. The majority population 
of Assam lives in rural (>80%) areas and an estimated 34% of the population lives below the poverty line [8]. Due to high rainfed area, 
Malaria is a major health issue in Assam. 

Good prevention practices and health awareness are important components of reducing the risk of malaria [9]. The prevention 
practices of malaria are influenced by education and awareness of people about malaria and also on other factors such as social, 
cultural, economic, and political factors related to the high risk of malaria. Though it is not intentional, human behaviour affects 
health-promoting and disease-preventing activities, in some instances to increase risk and in others reducing it [9,10]. Many studies 
showed community awareness and their behavioural practices related to causation, prevention, and transmission of Malaria are the 
key factors to prevent and control Malaria [10,11]. 

Although investment in health sectors has been gradually increasing especially for intervention and control of malaria such as 
spraying DDT in high-risk areas, use of impregnated-bed nets, and mass collection of blood slides from the community, have been 
executed by the government, there is no appreciable change in malaria incidence [6,7]. A clear understanding of the health-seeking 
behaviour of households and community knowledge is crucial for an effective control program of malaria. 

Although the high burden of malaria infection, and increasing deaths, reported the associated poor health awareness and pre-
vention practices of malaria [12,13]. There is an urgent need to examine the factors associated with malaria prevention practices. This 
study aimed to determine the major factors such as socio-demographic, and households’ information, level of education, and health 
awareness, associated with malaria prevention practices. This study would be helpful to increase the malaria prevention and control in 
the endemic areas. 

2. Methods 

2.1. Study area 

The total population of Assam was 31.17 million with a geographic area of 78,438 km2, and it shares more than two-third 

Fig. 1. Map of Assam showing the two selected districts as the study area. Source: http://censusindia.gov.in/maps/State_Maps/StateMaps_links/ 
assam.jpg 
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population of North-East India. The population density of the state was also high with 398 per km2, and 85.9% of the population shared 
by the rural area of Assam (Census 2011). The study was carried out in the high endemic areas of Assam. 

2.2. Study design 

A study on health-seeking behaviour for febrile illness was conducted in two districts of high malaria-endemic areas of Assam 
(Fig. 1). The required sample size was worked to capture the variability in health-seeking behaviour [14] and practices related to 
malaria prevention. Overall, 1989 households’ sample were selected randomly using the method of two-stage sampling during the 
survey. According to the survey design, 100 PSUs (census villages/wards) were selected randomly at the first stage using the method of 
probability proportional to size (PPS) sampling, and 20 households from each PSU were selected in a second stage by systematic 
sampling. The household listing of selected PSUs was prepared during the survey by visiting house-to-house and enquiring whether 
anybody had malaria or fever in the last three months. A sample of 20 households, who had reported a fever case and received 
treatment, was selected for interview. 

The head of the selected households, or the senior-most persons, was interviewed by the trained field workers to collect the in-
formation related to the general background of household individuals, knowledge, awareness, and malaria prevention practices 
including health-seeking behaviour. A detailed description of study design and ethical issues are provided elsewhere [14]. 

2.3. Data analysis 

A sample of 1989 households’ data collected from the community-based survey was used for statistical analysis. The socio- 
demographic information such as age, education, occupation, type of house, etc. was categorized. The response to questions 
related to awareness and prevention practices of malaria were also included. A set of questions were asked related to malaria 
awareness such as common symptom of malaria, malaria may cause fatality, malaria diagnosed by blood test, and malaria spread due 
to mosquito bite. The prevention practices questions were related to use of bed net, repellent/insecticide, and smoke to prevent 
mosquito bites, use of extra bed net, precaution for outside visit etc. during the interview. This information was grouped separately as 
malaria awareness and prevention practices. 

Composite Score (index): The principal component analysis was used to estimate the composite scores of awareness based on the 
first principal component. Composite score of household or individual j is a linear combination of all the awareness variables as stated 
below. 

Awj=α1
(

xj1 − x1
s1

)

+α2
(

xj2 − x2
s2

)

+α3
(

xj3 − x3
s3

)

+… + αk
(

xjk − xk
sk

)

where xk and sk are the mean and standard deviation of awareness xk, and αk represents the weight (factor load) of xk for the first 
principal component. The first principal component variable across the households has a mean zero and variance of λ, which cor-
responds to highest eigenvalue of the correlation matrix x. A larger weight α is assigned to the awareness variable x that vary most 
across households/individual. Accordingly, high awareness across all the households related to any awareness variable x got smaller 
weight (close to zero). This is a commonly used method for computation of wealth or asset index based on the individual or household 
response of set of categorical or dichotomous variables related to household’s assets [15,16]. 

2.4. Standardized score (SAj) 

The composite score Awj is converted to standardized score using the following formula. It is mainly to convert the range of 
composite score to the same scale between 0 and 1. 

SAj=
(Awj − LOWESTAwj)

Range Awj 

The composite score was developed separately for set of variables related to awareness and prevention practices of malaria for all 
the respondents. Further, it is converted to standardized scores separately for both awareness and prevention practices. The range 
(0–1) is divided in three equal intervals (1/3 each) of standardized scores such as 0–0.333 low, 0.334–0.666 medium, and 0.667–1.0 
high. Based on the standardized score of household individuals, they were categorized as the low, medium, and high level of awareness 
and prevention practices. 

Multinomial logistic regression analysis was used to estimate the adjusted rates ratio (ARR) of all the categories of variables with 
respect to reference level (e.g. Low prevention practices) for comparison and identification of associated factors [17]. The model 
includes the prevention practices levels as an outcome variable and other variables such as age, sex, education, occupation, the religion 
of household respondents and house type including awareness level (based on the score) as an independent variable. The statistical 
software IBM SPSS version 20.0 and STATA 13.0 were used for statistical analysis. 

2.5. Ethics approval 

Ethical clearance for this study was not required as we have used the existing data collected in a previous project on health-seeking 
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behavior and reporting patterns to health centers especially with fever symptoms funded by the Indian Council of Medical Research, 
New Delhi (Project Id No.2003/01090). The project was also approved by the scientific advisory committee (SAC) constituted by the 
Indian Council of Medical Research, New Delhi. All research methods were carried out in accordance with relevant guidelines and 
regulation of Indian Council of Medical Research, New Delhi. 

Consent to participate: The written informed consent of selected household individuals was taken before interviewing them 
during the survey. 

3. Results 

Socio-demographic information of household respondents such as age, gender, education, occupation, religion, type of house are 
presented in Table 1. Majority of respondents (62%) were aged (31–50 years), and males (71%). Among the 1989 households’ re-
spondents, the proportion of illiterate was higher (47%) whereas only 10% was educated up to secondary and above. Occupation of the 
respondents were mainly farmers (39%), followed by employed (35%) and housewives (21%). Most of the households were Hindu 
(93%) and lived in Kutcha houses (76%). 

The response to questions related to awareness and prevention practices of malaria with factor loadings are presented in Table 2. 
The awareness of malaria was recorded high such as knowledge about the common symptom (75%), malaria may cause fatality (92%), 
awareness about the diagnosis (23%) and reason of spreading (40%). Prevention practices of malaria were also recorded based on the 
response of households such as usage of bed net (85%), repellent/insecticide (4%) and smokes (44%). The extra bed net used for guests 
was high (51%), but only 32% of households had taken precautions during the outside visit for prevention of malaria. 

Association of prevention practices of malaria with age, sex, education, occupation, religion, type of house and level of awareness 
are presented in Table 3. Association of prevention practices of malaria was significant with all the variables such as age, sex, edu-
cation, occupation of households’ respondents including their religion, house type, and level of awareness. Prevention practices were 
significantly higher in various sub-groups such as it was higher among the respondents <30 years of age (34.4%), housewives (44.1%) 
and female respondents (34.4%), and among the middle (43.3%) and secondary & above (36.8%) educated peoples. It was also higher 
among those who lived in Pucca house (53.6%) and had medium and high (26%) levels of malaria awareness. 

The two-way cross-sectional presentation between awareness and prevention practices are shown in Fig. 2. The presentation in-
dicates the contribution of increasing the level of awareness on increasing prevention practices of malaria without considering any 
other household-level information. The contribution of higher and medium level of malaria awareness (35% of high and 57% of 
medium level) were showing more impact on malaria prevention practices. 

The Multinomial Logistic Regression (MLR) model showed the association of the three levels of prevention practices of malaria with 
the background characteristics of the respondents and awareness levels (Table 4). The analysis showed significant association and high 
Adjusted Rates Ratio (ARR) for high and medium levels of prevention practices (low as reference) with age, sex, education, religion, 
occupation, type of house and level of malaria awareness. High prevention practices were significantly low among the adult age re-
spondents (31–50 years) [ARR: 0.76, 95% CI:0.55–1.04]; whereas it was significantly higher among the secondary & above educated 
respondents [ARR:8.5; 95% CI:5.0–14.2] and among the middle educated [ARR:4.5; 95% CI:3.3–5.9], as compare to illiterate samples. 
It was also significantly higher for Others (includes housewife & homework) [ARR:7.9, 95% CI: 5.3–11.9] and farmers [ARR:3.5; 95% 
CI: 2.5–4.9]; and for Pucca house [ARR:3.9; 95% CI:2.1–7.4]. Significantly, high prevention practices were also found among the 
respondents with high [ARR:5.1; 95% CI:2.7–9.4] and medium [ARR:3.7; 95% CI:2.1–6.7] levels of awareness. 

Table 1 
Distribution of household respondents by age, education, occupation, religion, and type of house in the study sample of the high endemic 
area.  

Variable Category Number of respondents (N = 1989)   

N % 
Age (in Years) ≤30 462 23  

31–50 1,229 62  
51+ 298 15 

Sex Female 572 29  
Male 1417 71 

Education Illiterate 935 47  
Primary 376 19  
Middle 480 24  
Secondary+ 198 10 

Occupation Housewife 422 21  
Employed 687 35  
Farmer 774 39  
Others 106 5 

Religion Hindu 1,841 93  
Muslim 105 5  
Others 43 2 

House Type Kutcha 1,517 76  
Semi pucca 375 19  
Pucca 97 5  
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4. Discussion 

This study has showed the association of malaria prevention practices with age, education, occupation and type of house, and 
awareness towards the disease. The findings showed that awareness is the most important factor which can be improved further by 
community participation in the malaria control program [18]. However, awareness and prevention practices are highly associated, but 
only 30% of high awareness contributed to high prevention practices. Such disparities have also been reported in other studies [18,19]. 

Table 2 
The principal component analysis of people responses related to knowledge and awareness, and prevention practices of 
malaria.  

Knowledge & Awareness Response (%) Factor loading 

Fever is a common symptom of malaria 75 0.63 
Malaria may cause fatality 92 0.65 
Diagnosis of malaria by a blood test 23 0.72 
Malaria spread due to mosquito bite 40 0.63 

Eigenvalue  1.73 
% of variance  43.3 
Range of composite scores of awareness  − 2.37, 1.53 

Prevention Practices Response (%) Factor loading 
Using bed net to prevent Malaria 85 0.49 
Use of repellent/insecticide for prevention 4 0.29 
Using smoke to avoid Mosquito bites 44 0.67 
Keeping extra bed net for Guest 51 0.79 
Taken precaution during the outside visit 32 0.86 

Eigenvalue  2.13 
% of variance  42.6 
Range of composite scores of preventions  − 1.50, 2.15 

Note: Response (%) is denoted for the samples who has given response “Yes” to the mentioned questions. 

Table 3 
Association of age, sex, education, occupation, religion, house type and level of awareness with prevention practices of malaria.  

Variables Prevention Practices of Malaria 

Low Medium High χ2 p-value 

N % N % N % 

Age (Years) 
≤ 30 147 31.8 156 33.8 159 34.4 39.6 <0.001 
31 - 50 521 42.4 453 36.9 256 20.7   
> 50 100 33.6 118 39.6 80 26.8   

Sex 
Female 186 32.5 189 33.0 197 34.4 40.3 <0.001 
Male 712 50.2 342 24.1 363 25.6   

Education level 
Illiterate 490 52.4 309 33.0 136 14.6 242.5 <0.001 
Primary 148 39.4 151 40.2 77 20.4   
Middle 96 20.0 176 36.7 208 43.3   
Secondary+ 34 17.2 91 46.0 73 36.8   

Occupation 
Employed 355 51.7 242 35.2 90 13.1 172.5 <0.001 
Farmer 288 37.2 300 38.8 186 24.0   
Housewife/House work 85 20.1 151 35.8 186 44.1   
Others 40 37.7 34 32.1 32 30.2   

Religion 
Hindu 724 39.3 648 35.2 469 25.5 28.2* <0.001 
Muslim 31 29.5 50 47.6 24 22.9   
Others 13 30.2 29 67.4 1 2.3   

House Type 
Kutcha 641 42.3 508 33.5 368 24.3 90.3 <0.001 
Semi pucca 107 28.5 194 51.8 74 19.7   
Pucca 20 20.6 25 25.8 52 53.6   

Awareness Level 
Low 106 66.7 37 23.3 16 10.0 104.2 <0.001 
Medium 471 41.6 367 32.4 295 26.0   
High 191 27.4 323 46.3 183 26.3   

P < 0.001 shows highly significant.; * Fisher’s exact test statistic. 
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In slum communities of Delhi, more than 50% of people know the mosquito bite can transmit malaria, but few of them only know about 
the symptoms of malaria disease and follow the methods of prevention from malaria [20]. Similarly, in another study, the rural tribal 
community of Bastar district of Madhya Pradesh had more awareness about the malaria, but most of them had not taken any pre-
cautions for malaria prevention [21]. 

Education is also one of the key factors influencing prevention practices as reflected in the analysis. A high association of education 
with an increased risk of malaria has been reported in many studies [19–23]. The malaria incidence was also associated with the low 
income of the family, poor housing, and lack of hygiene [24–27]. In this study, the people living in Pucca house were expected to be 

Fig. 2. Flowchart showing the interaction of levels between awareness and malaria prevention practices.  

Table 4 
Multinomial logistic regression analysis and adjusted rates ratio (ARR) of prevention practices of malaria with predictive variables included in the 
model.  

Predictor Variables Prevention Practices (Ref. Low level: 0.0–0.33) 

Medium level High level 

ARR 95% CI ARR 95% CI 

Age 
<30 years Ref  Ref  
31–50 years 0.94 0.71–1.26 0.76 0.55–1.04 
50+ years 1.23 0.84–1.80 1.17 0.76–1.79 
Sex 
Male Ref  Ref  
Female 1.06 0.79–1.43 1.42 1.01–2.00 
Education 
Illiterate Ref  Ref  
Primary 
& Middle 1.88 1.48–2.39 4.47 3.34–5.96 
High school+ 3.35 2.12–5.29 8.47 5.06–14.16 
Occupation 
Employed Ref  Ref  
Farmer 2.03 1.56–2.65 3.52 2.51–4.95 
Others$ 2.93 2.08–4.14 7.95 5.29–11.96 
Religion 
Hindu 0.68 0.46–1.02 1.91 1.11–3.31 
Others* Ref  Ref  
House type 
Kutcha Ref  Ref  
Semi pucca 2.22 1.65–2.99 1.23 0.85–1.78 
Pucca 1.50 0.79–2.86 3.95 2.12–7.36 
Awareness level 
Low Ref  Ref  
Medium 1.93 1.27–2.93 3.71 2.06–6.71 
High 3.64 2.34–5.65 5.06 2.73–9.39 

Note: $ includes housewife & working in home; * includes Muslim & Christian; CI: Confidence Interval: ARR- Adjusted Rates Ratio, Ref-reference 
category. 
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economically better and represent a larger contribution in the high level of prevention practices of malaria. The reason for low pre-
vention practices was also related to poverty and poor economic conditions [26,27]. A study in the Jaisalmer district of Rajasthan 
described the transmission and magnitude of malaria were high in low socio-economic classes as compared to high socioeconomic 
classes [19]. 

A low awareness level contributed more to poor (low) prevention practices of malaria compared with the high and medium levels of 
awareness among the household’s which may be the important factor of increased risk of malaria incidence in Assam as reported [7]. A 
high level of prevention practices (25%) of malaria was recorded among high (9%) and medium (15%) levels of awareness of 
households. Overall, prevention practices can be improved by increasing awareness as well as other personal and household living 
conditions. 

Behavioural practices related to the prevention of malaria are major factors associated with the transmission and high risk of 
malaria especially in the endemic areas. It was possibly due to the lack of awareness and proper implementation of malaria-specific 
public health programmes [18]. The negligence of malaria prevention practices may increase the risk of malaria [7], Though it may not 
be intentional, but it affects the promotion of healthy life and disease-prevention activities, and the management of malaria control. 
There is a need for improvement in the awareness related to prevention practices of malaria that can be achieved through proper health 
education and motivation to people [28,29]. Thus, proper health education should be provided to increase the community-level health 
knowledge and awareness among the people for the prevention of practices of malaria in the local language at the community level 
especially to the economically poor and uneducated people [30]. It might be useful to enhance their knowledge to control malaria 
transmission. In this study, we have used the secondary data collected in other study on health seeking behaviour from the malaria 
endemic area of Assam, which was a major limitation of the study [14]. Though there may not be much change in the major outcome of 
this study, but there are differences in some of the factors used as determinants such as level of education, and health awareness. 

Strength of the study: This study has demonstrated a new approach of using a composite score for malaria prevention practices 
and identified its determinants. It may be useful for prevention and control of malaria especially in high endemic areas of Assam, India. 

Limitation of the study: This study is based on the previous survey data and there could be possibility of recall bias in the self- 
reporting of the disease. This area also comes under high rainfall areas, which also make it more endemic area for the malaria disease. 
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