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Abstract
During the last few decades, several studies have analyzed and described knowledge, atti-

tudes, and practices (KAP) of populations regarding dengue. However, few studies have

applied geometric data analytic techniques to generate indices from KAP domains. Results

of such analyses have not been used to determine the potential effects of sociodemographic

variables on the levels of KAP. The objective was to determine the sociodemographic factors

related to different levels of KAP regarding dengue in two hyper-endemic cities of Colombia,

using a multiple correspondence analysis (MCA) technique. In the context of a cluster ran-

domized trial, 3,998 households were surveyed in Arauca and Armenia between 2012 and

2013. To generate KAP indexes, we performed a MCA followed by a hierarchical cluster

analysis to classify each score in different groups. A quantile regression for each of the score

groups was conducted. KAP indexes explained 56.1%, 79.7%, and 83.2% of the variance,

with means of 4.2, 1.4, and 3.2 and values that ranged from 1 to 7, 7 and 11, respectively.

The highest values of the index denoted higher levels of knowledge and practices. The atti-

tudes index did not show the same relationship and was excluded from the analysis. In the

quantile regression, age (0.06; IC: 0.03, 0.09), years of education (0.14; IC: 0.06, 0.22), and

history of dengue in the family (0.21; IC: 0.12, 0.31) were positively related to lower levels of

knowledge regarding dengue. The effect of such factors gradually decreased or disappeared

when knowledge was higher. The practices indexes did not evidence a correlation with socio-

demographic variables. These results suggest that the transformation of categorical vari-

ables into a single index by the use of MCA is possible when analyzing knowledge and

practices regarding dengue from KAP questionnaires. Additionally, the magnitude of the

effect of socioeconomic variables on the knowledge scores varies according to the levels of

knowledge, suggesting that other factors might be influencing higher levels of knowledge.
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Author Summary

Local vector control programs, as part of their routine activities, often use Knowledge Atti-
tudes and Practices (KAP) surveys to guide their dengue control strategies. Usually, these
questionnaires are extensive and result in a large amount of data that is difficult to analyze
and summarize. This study uses an analytical approach to summarize the results of these
types of questionnaires about dengue and subsequently assesses the effect of sociodemo-
graphic factors. Our results suggest that Multiple CorrespondenceAnalysis is a useful sta-
tistical technique to summarize KAP survey information. Age and higher levels of
education are related to more reported knowledge about dengue, but these effects are seen
only among people in groups with low and middle knowledge of dengue, according to
their KAP knowledge scores. Finally, when decisions about the family healthcare are made
jointly by male and female members of the household, knowledge about the disease and
means of transmission improves at all levels of knowledge (low, medium, high). Preventive
practices regarding dengue, specifically against adult and immature forms of the mosquito
that transmit the disease do not seem to be related to sociodemographic factors. This
study provides an alternative way to more effectively analyze the results of KAP in a rou-
tine setting.

Introduction

Dengue is an endemic or epidemic disease in countries located in the tropics [1], and approxi-
mately 40% of the world’s population is at risk of suffering dengue [2]. In Latin America, the
number of cases has increased over the last three decades; it has grown from a low dengue-
endemic to a hyper-endemic state in the majority of the region [3]. In 2010, Colombia faced
the most important epidemic in the history of the country and reported the second-highest
incidence in the Americas (157,203 cases). Since then, the country has reported the third and
second-highest incidences on the continent [4,5].

Given the absence of a licensed and widely distributed tetravalent vaccine against dengue,
integrated vector management (IVM) has played an important role in the control of the disease
[3]. IVM is a process to optimize resources for vector control, and it has identified the assess-
ment of local KAP as crucial in designing preventive interventions adapted to any context [6].

Since 2000, we found approximately 51 descriptive and analytical KAP studies regarding
dengue in several countries, most of these papers are descriptive. The questionnaires used in
such KAP studies have ranged between 13 [7] and 75 questions [8] and often result in a large
number of dichotomous variables that are difficult to synthesize. Thirteen out of 48 revised
studies have generated a single KAP variable through the construction of indexes based on
what researchers consider a correct answer of each Knowledge, Attitude and Practice domain
[8–19]. And only one has implemented a principal correspondence analysis (PCA) to summa-
rize this information [20]. However, none of these fourteen studies with indexes has analyzed
KAP data to identify the patterns of responses in each of its domains. And more importantly,
the results from these analyses have not been used to determine the potential effects of sociode-
mographic variables on the levels of such indices of KAP (KAP index as a dependent variable).

KAP surveys are widely used in the broad context of public health, not only for research
[21] but also for planning and intervention design [22,23]. Additionally, they are used to assess
potential participation in prevention strategies of multiple diseases [22,23]; to evaluate the
effectiveness of several public health interventions ranging from cardiovascular diseases
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[24,25] to tropical neglected diseases [26] and also to assess healthcare services in the hospital
environment [27,28].

MCA is a descriptivemethod that allows the analysis of multiple categorical variables. It is
widely used to generate assets and wealth indexes [29–32]. Recently, it has been used in the
analysis of behavioral variables in HIV [32,33], healthy lifestyles [34,35], and hantavirus [36],
amongst others. The generation of indices or scales from self-reported information has been an
increasing need in social and public health sciences and newmethods and theories have
become increasingly popular during the last years, this is the case of latent variable analysis,
factor analysis and item response theory amongst others [37]

In this context, KAP surveys provide a large amount of categorical data, and MCA allows
the linking of separate sets of data efficiently for finding comparable trends between them [38].
The objective of this study was to determine the sociodemographic factors associated with cer-
tain KAP levels regarding dengue in two hyperendemic cities in Colombia using the MCA
technique.

Materials and Methods

Study sites

KAP surveyswere collected betweenDecember 2012 and April of 2013 in the cities of Colom-
bia, Arauca and Armenia. Arauca, the capital city of the Arauca Department, has 85,994 inhab-
itants and is located on the border with Venezuela at 125 meters above mean sea level
(MAMSL). It has a mean temperature of 30°C. Armenia, with 293,614 inhabitants, is the capital
city of the Quindío Department and is located in the center of the country at 1,483 MAMSL,
with temperatures ranging from 18°C to 29°C.

Sample

We surveyed 3,998 households in the context of a cluster-randomized trial, following the same
methods of Quintero et al [39] where a grid was overlapped in a satellite image of the two cities.
Areas with empty land and non-residential zones were excluded. Of the remainder, 20 squares
were randomly selected in each city, and 100 households were surveyed in each square begin-
ning by the south-west corner of each square; the group of houses was called cluster. Personnel
from the health authorities of both cities visited each household and invited the responsible
adult available to participate in the study. In the case of absence two additional visits in differ-
ent schedules were done. If contact was not possible after three visits the household was
replaced by the contiguous household (Response rate: 99.95%).

Instruments

The KAP questionnaire was based on a review of published studies using KAP surveys between
2001 and 2012 and on a review of the questionnaires provided by the authors of such studies.We
developed our KAP survey using a combination of questions from various KAP questionnaires.

The new questionnaire was then piloted in a village near one of the study sites. After adapta-
tion to the language in the local community, the 84-question surveywas applied to each house-
hold using the mobile application e-mocha1, created by the Center for Clinical Global Health
Education at the Johns Hopkins School of Medicine. The KAP survey had five sections: socio-
demographic and gender decision-making information and knowledge, attitudes, and practices
data (S1 File).

The sociodemographic section collected information about age, sex, education, income,
number of persons per household, dwelling materials (floors and walls), migration, and access
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to public services.Given the already documented difficulties to capture household wealth with
self-reported income [18], we used an additional measurement of socioeconomic strata that is
used in Colombia to classify areas in the cities on a scale from 1 (lowest) to 6 (highest) and it is
usually utilized to grant subsidies to the lowest-income population (strata 1) and to charge dif-
ferential fees for public sanitation services [40,41]. The gender decision-making segment
inquired about who decides about the health care of their own and others, daily expenses, large
expenses, and household maintenance. The gender decision-making questions were extracted
from the women’s module of the Demographic Health Survey [42].

Knowledge was defined as the understanding of a specific phenomenon, in this case, the
means of transmission, symptoms, and means of prevention of dengue. An attitude refers to
the organization of beliefs around a concept that predisposes to act in some specificmanner. In
this study, we asked for the severity of dengue and the repercussion for a case in the commu-
nity, among others (e.g. Does a case of dengue in this community affects this household?”).
Practices relate to a group of actions to ameliorate or trigger a specific outcome in health, in
this case, actions toward the prevention of vector breeding sites [43,44].

Ethics statement

All participants in this study provided oral and written informed consent before conducting the
survey. The Fundación Santa Fe de Bogotá’s ethics committee, in compliance with all Colombian
regulation governing the protection of human subjects, approved the protocol and the instru-
ments of this study as recorded in the minutes of the meeting held on November 19, 2012.

Statistical analysis

MCAwas conducted to summarize the information of the categorical variables of the KAP sur-
vey into three scores (knowledge, attitudes, and practices) using the methods described by
Kohn and Le Roux and Rouanet [38,45]. Unlike PCA, variables in this analysis do not need to
follow a normal distribution, which makes MCA an appropriate approach for KAP variables,
since most of them are categorical. We described all the dimensions extracted from the MCA;
however, we chose the dimension with higher inertia for our analysis.

The first step of this process was the generation of a weight-per-answer option for each domain
(knowledge, attitudes, and practices). To assign a score to each person according to their particular
set of answers, a linear combination of the weights was done. For ease of interpretation, the scores
were rescaled to be greater than or equal to 1, where 1 is the minimum value of the index.

These three scores were classified into different groups using hierarchical cluster analysis
following the agglomerative method by average linkage presented by Kaufman and Rousseeuw
[46,47]. Afterwards, we determined the number of groups through the Duda, Hart, and Stork
stopping rules index [48]. Finally, a characterization of the most frequent answers in each
group was done to determine the KAP profiles (low, medium, and high). In some cases, this
process was not possible, given the heterogeneity of the answers.

A regression analysis was conducted to assess possible sociodemographic and gender deter-
minants of the KAP scores.We considered fixed effects to account for the correlation within
each cluster generated by unobservable variables. In the case of a non-normal distribution of
the index, we did two-quantile regressions, considering fixed effects by clusters. We used
STATA 13 for data depuration and analysis [49].

Results

We surveyed 3,998 households (1,999 in each city). The average age of the respondents was 45
years old (std. dev. = 16), 74.81% were females, and the principal occupation reported was
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housewifery (44.20%), followed by working (40.22%). The mean years of education was 12
(std. dev. = 5), and the most frequent level of education was secondary education (25.01%). Of
the total subjects, 65.59% reported income below two minimum salaries per month (one mini-
mummonthly salary = 314.6 US Dollars).

Among the survey respondents, 44.32% were born in the same city where they currently
live, 69.23% lived in the same city as their previous residence, 13.68% had moved from a rural
area of the city to their current location, and 6.13% had lived in another municipality. The
average number of inhabitants per household was four (std. dev. = 2) (Table 1). When inquir-
ing about the number of members per family, we identified 14,702 individuals, 53.68% of them
females. And 7.43% of the total respondents reported that they had been diagnosedwith den-
gue at least once in their life

Multiple correspondence analysis

We usedMCA to calculate a score for each KAP domain; the first dimension explained
56.13%, 79.66%, and 83.16% of the variances, respectively. The knowledge score had inertia of
0.01 (66 variables), the average score was 4.24 (std. dev. = 1), and the maximum value was 6.96.
The attitude score had inertia of 0.122 (17 variables), with a mean score of 1.40 (std. dev. = 1),
and the maximum value was 7.02. The practices score had inertia of 0.05, an average of 3.18
(std. dev. = 1.1), and a maximum value of 10.68 (Fig 1).

As a result of the hierarchical cluster analysis, we determined five profiles in the knowledge
domain according to the score generated using MCA. Profile 1 was characterized by partici-
pants not having heard about the disease and no reported knowledge about any feature of the
means of transmission, clinical presentation, characteristics of Aedes aegypti, or prevention
measures. Profile 2 entailed individuals who despite having heard about dengue and its means
of transmission did not know about preventive measures or any other aspect of dengue or the
vector. Profiles 3 and 4 included individuals who had knowledge about oviposition places (any
stagnant water) and means of transmission. Additionally, individuals assigned to profile 4
namedmore constitutional symptoms, while those in profile 3 namedmore hemorrhagic
symptoms (such as petechiae, epistaxis, etc.). Profile 5 was characterized by a high knowledge
about the means of transmission and recognition of the white-striped legs of the vector
(Table 2A).

Attitude analysis generated nine profiles that did not show specific patterns per profile in
the components of attitudes but could be grouped into two types: the individuals who thought
that dengue is important to the community and to them, and the ones who did not. The
remaining variables such as considering dengue as a serious disease and that dengue is an issue
for the community and for them were evenly distributed across profiles. However, the first
group accounted for 95% of the individuals, revealing that there was not enough variance
between the groups. Moreover, no meaningful pattern was identifiedwhen categorizing into
quartiles. For this reason, this domain was excluded from the subsequent phases of the
analysis.

Practices scores resulted in seven profiles. Profiles 1 and 2 were characterized by poor pre-
vention practices against vectors, such as no coverage of water containers or water treatment,
no education to other members of the household, and a low frequency of emptying water from
containers more than seven days, regardless of its capacity. Persons who did not cover or add
chemical substances to water containers, but who emptied water containers, were part of pro-
file 3, and the best practices corresponded to profiles 4, 5, 6, and 7 (Table 2). The distribution
of the profiles followed a descendant order, whereby the smallest score was in profile 1 and the
highest in profile 7; for this reason, practices scores were treated as ordinal variables.

KAP Surveys and Dengue Control in Colombia
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Table 1. Sociodemographic characteristics of population.

Frequency/Mean % / SD

Age: 45.19 15.85

Sex:

Female 2991 74.81

Years of education 12.16 4.85

Occupation

Worker 1,608 40.22

Housewifery 1,767 44.20

Student 200 5

Unemployed 130 3.25

Other 293 7.33

Socioeconomic Stratum

1 (Lower low) 1,254 31.37

2 (Low) 1,430 35.77

3 (Upper low) 757 18.93

4 (Medium) 160 4

5 (Medium-high) 305 7.63

6 (High) 92 2.3

Income

< 1MS 1228 30.72

1–2 MS 1394 34.87

>2 MS and�3 MS 361 9.03

>3 MS 181 6.36

Refuse to answer 834 20.86

Average number of inhabitants per household 3.6 1.64

Average number of women per household 1.95 1.11

Average number of workers per household 1.35 0.99

Average number of unemployed per household 0.094 0.33

Average number of inhabitants dedicated to housework per household 0.75 0.71

Years living in the same neighborhood 14.15 13.74

Years living in the same dwelling 12.37 12.91

Average number of dengue cases per household 0.27 0.62

Person who decides about: own healthcare

Women 1,900 51.01

Men 454 12.19

Both 1,360 36.51

Nobody 11 0.3

Person who decide about: family healthcare

Women 1,702 45.69

Men 359 9.64

Both 1,629 43.73

Not clear 35 0.94

Person who decide about: Household chores

Women 2,013 54.04

Men 321 8.62

Both 1,386 37.21

Not clear 5 0.13

High expenses in the household

(Continued )
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Sociodemographic factors associated to KAP

Knowledge. The knowledge score was grouped in tertiles as follows: 6.80th, 50th, and
87.24th, from low to high according to the scores of the profiles from the cluster analysis. The

Table 1. (Continued)

Frequency/Mean % / SD

Women 1,491 40.03

Men 512 13.74

Both 1,714 46.01

Not clear 8 0.21

Daily expenses in the household

Women 1,970 52.89

Men 364 9.77

Both 1,381 37.07

Not clear 10 0.27

doi:10.1371/journal.pntd.0005016.t001

Fig 1. Distribution of the scores of knowledge, attitudes and practices. KAP profiles. Box plots of the scores of knowledge, attitudes and practices A.

Knowledge profile scores are evenly distributed around the median with few outliers, predominantly below 1.8. B. Attitude scores are skewed to the right and

values rages between 1 and 7. C. Practices is also skewed to the right with a range between 1 and 11.

doi:10.1371/journal.pntd.0005016.g001
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first tertile (low knowledge) grouped values from 1 to 2.79 and corresponded to the group of
individuals who had not heard about dengue or the ones who reported poor knowledge about
the disease, the vector, or preventive measures (profiles 4 and 5). The 50th tertile (medium
knowledge) was composed of persons who knew about the means of transmission, oviposition
places, and symptoms of the disease (profile 1 and 2), while the 87.24th tertile (high knowl-
edge) grouped scores from 5.50 to 6.96 and included individuals who knew about all the fea-
tures mentioned before and who could identify the color of Aedes aegypti.

Our estimation showed a positive relation between age and the knowledge score. This effect
was heterogeneous by levels of knowledge. For individuals categorized with low knowledge, the
marginal effect of age was 0.06 (IC: [0.03; 0.09]), and for individuals in the medium- and high-
knowledge categories, the effects were 0.03 (IC: [0.02, 0.04]) and 0.02 (IC: [0.01; 0.03]), respec-
tively. Years of education also had a positive relation with this score for the low- and medium-
level knowledge group, with marginal effects of 0.14 (IC: [0.06; 0.22]) and 0.04 (IC: [0.01;
0.07]). However, there was no significant association with the high-level group.

Among household members, the number of persons dedicated to housewiferydecreased the
score by 0.11 (IC: [-0.15; -0.08]) in the medium-level knowledge group and by 0.08 (IC: [-0.15;
-0.01]) in the high-level knowledge group, in comparison to any other occupation reported.
Additionally, for each household member with a history of dengue, the score rises by 0.21 (IC:
[0.12, 0.31]) in the low-level knowledge group and 0.07 (IC: [0.01; 0.12]) in the medium-level
group and did not show an effect in the group with the highest knowledge. Variables such as
sex, socioeconomic strata, the number of women in the household, and migration were not sta-
tistically significant, as seen in Table 3.

The effect of joint (male and female) versus individual decisionmaking regarding family
care was higher across all knowledge groups (Table 3). Decisions about the health of all mem-
bers of the household made by male, female, or collectively showed an increase of the score in
all knowledge groups by at least 0.50 (IC: [0.32; 0.67]). Decisions about major expenses did not
seem to have an impact on knowledge score.

Practices. The score was divided into two quantiles: the 25th and 75th percentiles. The
first grouped scored between 1 and 2.67 and the second between 2.09 and 10.68. In the multi-
variable analysis, none of the socioeconomic factors, such as age, sex, years of education, and

Table 2. Profiles of Knowledge and practices.

A. Knowledge

Heard about dengue Transmission Vector Characteristics Symptoms Oviposition Prevention

Profile 1 YES YES YES YES YES YES

Profile 2 YES YES YES YES YES YES

Profile 3 YES YES YES NO NO NO

Profile 4 YES YES NO NO NO NO

Profile 5 NO NO NO NO NO NO

B. Practices

Coverage of water

containers

Water

treatment

Education to other members of the

household

Emptying frequency of water

containers > 7 days

Profile 1 NO NO NO NO

Profile 2 NO NO NO NO

Profile 3 NO NO NO YES

Profile 4 YES YES YES YES

Profile 5 YES YES YES YES

Profile 6 YES YES YES YES

Profile 7 YES YES YES YES

doi:10.1371/journal.pntd.0005016.t002
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Table 3. Factors associated to low medium and high levels of knowledge, Armenia and Arauca.

Low Medium High

VARIABLES 6.8th quantile 50th quantile 87.24th quantile

Years of education 0.14*** 0.04** 0

(0.06–0.22) (0.01–0.07) (-0.03–0.03)

Age 0.06*** 0.03*** 0.02***

(0.03–0.09) (0.02–0.04) (0.01–0.03)

Sex 0.07 -0.02 -0.05

(-0.13–0.28) (-0.10–0.07) (-0.15–0.04)

Income: Less than 1 MS 0.34** 0.38*** 0.51***

(0.02–0.67) (0.28–0.48) (0.40–0.62)

Income: 1–2 MS 0.47*** 0.39*** 0.51***

(0.24–0.69) (0.28–0.49) (0.41–0.62)

Income 2–3 MS 0.17 0.15** 0.23***

(-0.14–0.47) (0.02–0.28) (0.14–0.33)

income: 3–4 MS 0.47*** 0.14** 0.28***

(0.14–0.80) (0.01–0.28) (0.11–0.45)

income: 4–5 MS 0.66** 0.34** 0.2

(0.14–1.17) (0.03–0.64) (-0.13–0.52)

income: more than 5 MS 0.55** 0.21** 0.24*

(0.09–1.01) (0.02–0.41) (-0.04–0.52)

Socioeconomic Stratum -0.03 -0.07** 0.02

(-0.14–0.08) (-0.13–-0.00) (-0.05–0.08)

Number of workers per household -0.05 -0.02 0.02

(-0.13–0.04) (-0.06–0.02) (-0.04–0.08)

Number of unemployed per household 0.17* 0.04 0

(-0.01–0.34) (-0.05–0.13) (-0.10–0.10)

Number of habitants dedicated to housework per household -0.08 -0.11*** -0.08**

(-0.19–0.04) (-0.15–-0.08) (-0.15–-0.01)

Number of women per household -0.02 0.02 0.03

(-0.09–0.06) (-0.02–0.06) (-0.01–0.07)

Number of dengue cases per household 0.21*** 0.07** 0.02

(0.12–0.31) (0.01–0.12) (-0.03–0.07)

Person who decide about: personal healthcare

Men -0.08 -0.49 -0.38

(-1.26–1.10) (-1.60–0.62) (-0.86–0.10)

Women -0.23 -0.57 -0.52**

(-1.44–0.98) (-1.67–0.53) (-1.02–-0.01)

Both -0.34 -0.52 -0.51*

(-1.46–0.79) (-1.59–0.56) (-1.03–0.02)

Person who decide about: family healthcare

Men 0.80* 0.37* 0.41***

(-0.03–1.62) (-0.00–0.75) (0.19–0.63)

Women 0.75 0.37** 0.41***

(-0.15–1.64) (0.07–0.67) (0.26–0.56)

Both 0.87** 0.56*** 0.49***

(0.10–1.63) (0.27–0.86) (0.32–0.67)

Person who decide about: Household chores

Men -2.01 -0.27 0.45

(Continued )
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strata, were determinants of the practices scores. Gender decisionmaking did not show a corre-
lation either.

Discussion

To our knowledge, this is the first time that MCA has been applied to analyze knowledge, atti-
tudes, and practices regarding dengue to generate an ordinal score from a data set with several
categorical variables. The impact of years of education and history of dengue among house-
holds increased dengue knowledge only among low- and medium-level knowledge profiles.
The effect of more than one person reporting housekeeping in the same household as their
principal occupation had a negative effect on the middle- and high-level knowledge scores.
Furthermore, decisionmaking about family health care shared by men and women increased
the score of knowledge at any level. Finally, practices scores were not related to any of the mea-
sured sociodemographicor gender decision-making variables.

Age and education have also been identified as the only sociodemographicvariables associ-
ated with more knowledge about dengue by other studies in Thailand [50,51], Malaysia [52],

Table 3. (Continued)

Low Medium High

VARIABLES 6.8th quantile 50th quantile 87.24th quantile

(-4.69–0.66) (-1.78–1.25) (-0.85–1.75)

Women -1.95 -0.35 0.36

(-4.53–0.62) (-1.81–1.11) (-0.90–1.62)

Both -1.99 -0.3 0.48

(-4.56–0.58) (-1.79–1.19) (-0.80–1.76)

High expenses in the household

Men 0.14 0.24 0.06

(-1.64–1.92) (-1.06–1.55) (-1.31–1.42)

Women 0.36 0.3 0.17

(-1.47–2.19) (-0.99–1.58) (-1.20–1.54)

Both 0.48 0.28 0.04

(-1.27–2.24) (-1.00–1.56) (-1.29–1.36)

Daily expenses in the household

Men 1.06 1.14 0.1

(-0.98–3.11) (-0.74–3.01) (-1.65–1.85)

Women 1.05 1.36 0.28

(-1.01–3.11) (-0.52–3.24) (-1.44–2.00)

Both 1.07 1.21 0.25

(-0.85–2.99) (-0.69–3.11) (-1.49–1.99)

Constant 0.56 2.31*** 3.98***

(-1.12–2.24) (1.07–3.55) (2.91–5.05)

Observations 3725 3725 3725

Confidence interval in parentheses

*** p<0.01

** p<0.05

* p<0.

This regression estimates where controlled by effects due to number of inhabitants per household, numbers of years living in the neighborhood or dwelling,

and, non-linear effects of years of education and age.

doi:10.1371/journal.pntd.0005016.t003
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Cuba (only age) [20], Indonesia [13], and Jamaica (only education) [53]. Two studies, one in
Laos and one in Malaysia, reported no statistical association between age or education with the
ability to name more than one symptom of dengue [17,54]. In our study, we found that educa-
tion levels have a positive relationship with the improvement of knowledge up to a certain
point, and it does not show an effect on the higher score level.

The described relationship might be caused by the decrease in variance of the households
with the highest knowledge score, which does not allow us to detect differences between educa-
tion levels. However, this finding can also be another manifestation of the previously docu-
mented “base education hypothesis,” in which the effect of education is not linear—beyond 12
years of formal education attained (corresponding to a high school level), it does not seem to
affect other outcomes in health [43]. In this case, higher levels of outcome cannot be achieved
solely by increasing education, and it is suggestive that the underlyingmechanisms for having
detailed knowledge of dengue, such as the color of the mosquito’s legs, are different from those
for middle and low levels of knowledge. Examples of such mechanisms, which are in accord
with other results of this study, are the levels of empowerment of the family and their access to
information, as hypothesized by Cutler and Oreopolus in their study about mortality [55,56].

Studies in other settings have found an association between socioeconomic status (SES) and
knowledge; however, there are several ways to measure SES and knowledge.While Castro et al.
used a household asset score [20] in Cuba, and Itrat usedmonthly income [14] in Pakistan, in
this study, we used a socioeconomic stratification system utilized by the government that
entails characteristics of the neighborhoodand income among others [40]. The lack of a signifi-
cant association in this study could be due to accounting for the confounding effect of cluster-
ing in the relationship between SES and the degree of knowledge regarding dengue. SES, as
measured in the study, is clustered in neighborhoods, and other studies in the area have shown
that knowledge of dengue is also clustered by neighborhoods [57].

In our study, having more than one individual within a household reporting “housekeeping”
as his or her main activity during the 10 days prior to the survey indicated a negative effect on
the knowledge score. This suggests that there are higher levels of informal occupations that
could not be captured in the questionnaire [58]. Informality is often associated with house-
holds facing poorer economic conditions, which creates difficulty in collecting accurate data.
The observed relationship with the knowledge score is identifying a different component of
SES that is not captured by income or education. Further exploration of the conditions of the
population that reportedmore than one housekeeper should be explored.

The findings of this study highlight the role of joint decisionmaking betweenmen and
women in the family’s health care as a factor that contributes to the knowledge of dengue and
its transmission. Past studies have suggested the need to approach the role of gender in the dis-
tribution of household chores and its relationship with dengue [57,59]. For this study, gender
roles were approached from a micro sociological perspective, in which the dynamics on a small
scale (families and couples) can be observed through decision-making processes [60].

Our results evidenced that shared decision-making processes betweenmen and women play
a significant role in the acquisition of knowledge about dengue; this finding has also been
observed in contraception [61–63] and malaria [64] studies, in which such an effect is
explained by a higher capacity of communication and negotiation. It seems that these two ele-
ments serve as a mechanism for consolidation, providing a better understanding of dengue.
These findings and its congruencewith other health outcomes pave the road to further explora-
tion of the mechanisms in which joint decisionmaking improves knowledge and empower-
ment within the household across the health spectrum [63].

Althoughmany studies have conducted KAP surveys, few studies have addressed the ques-
tion of the associated factors to preventive practices for dengue, and most of them have
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described these practices or their association with immature forms of the vector [54,65,66].
Despite this, our findings of a lack of significant association between practices score and socio-
demographic characteristics are also found in other studies (in Jamaica, Cuba, and Vietnam) in
which the authors suggest that cultural factors could lead to certain practices [20,53,67,68].
This hypothesis has been addressed by other studies and is a growing interdisciplinary field
[69].

The main recommendation of theWorld Health Organization (WHO) and the Pan Ameri-
can Health Organization (PAHO) is to control the immature forms of Aedes aegypti for the
recent Zika and Chikungunya outbreaks in the Americas [70,71]. This study suggests the need
for further assessment of the determinants of the practices of vector control that move beyond
sociodemographic factors. Moreover, it provides an additional tool for tackling the routine
questionnaires performed during vector control campaigns.

Since this is a cross-sectional analysis, one limitation is the impossibility of establishing the
temporality of the relationships described.Moreover, even when considering fixed effects that
allow controlling for the correlation between households of the same cluster, it is not possible
to control for unmeasured confounding variables that vary over time, such as seasonal preven-
tive interventions in some neighborhoodsor unequal access to media that could confound the
effect of sociodemographic characteristics on knowledge scores.

Even though selection bias is a possibility, we think there are mainly three reasons for not
thinking this will affect our results. The first reason is mainly because we think that since we
were assessing household behavior there was no better informant than the housewife itself,
most of the times when asking other person in the house they would refer or even ask the
housewife about some of the practices. The second reason is that 30% of the women reported
working rather than housewifery. This indicates that recruitment time also allowed us to have
information about women whosemain activity was different from housewifery. Finally, when
exploring other studies in which KAP about dengue was done 5 out 8 reportedmore or equal
to 50% of its participants as housewives [18,72–75] and only 3 reported a proportion of less
than 20% [51,52,54]. This makes us think that this might be a characteristic of the type of sur-
vey that we are doing rather than a bias.

In spite of the previous literature search and collection of most of the KAP questionnaires
applied in the region for the development of the survey, comparability with other studies was a
challenge. It would be helpful to generate a standardized and validated KAP questionnaire that
allows comparisons between countries and across time. The use of factor analysis would facili-
tate the validation of such tools [37], however it is of crucial importance to reach a consensus
regarding the definition of each of the domains and what each knowledge, attitude and prac-
tices construct means.

Additionally, it is necessary to establish a more suitable way to address attitudes, given that
the heterogeneity of the responses in the context of a survey does not allow generalizations in
the study population, our results provide evidence that KAP surveys have important measure-
ment limitations. As discussed previously by Launiala [21] the measurement of attitudes via
surveys is a sensitive topic, independent of the health issue of interest [76]. Measurement con-
strains such as respondent bias e.g. faulty recall and social desirability [77] question the validity
of this KAP surveys and raise concerns about the possibility of measuring attitudes through
surveys.Qualitative approaches such as interviews and direct observationmay bemore ade-
quate as they allow rapport and buffer cultural barriers between the researchers and the
respondents.

Our results show that in the context of our study the attitudes domain cannot be summa-
rized into one or two variables because of the heterogeneity and discordance in the data col-
lected. Further research in this issue may provide evidence of these patterns in the context of
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other public health issues, which will vary given for example socio-cultural norms about the
health outcome of interest. A mixed methods approach may be ideal as a methodological strat-
egy to triangulate information about a culturally and socially sensitive topic [78].

MCA, besides from being a generalization of correspondence analysis (CA), can be an ade-
quate data procedure to reduce and summarize a large number of categorical variables into one
ordinal variable, where the weighting process is due to a maximization of the overall correla-
tion structure. It is helpful to understand the factors that might contribute to different levels of
KAP in the community beyond the traditional descriptive analysis. Additionally, it can also be
used as a tool to identify ways to improve the questionnaire and the classification of individuals
into categories. Finally, given the broad use of KAP surveys in many aspects of public health
such as research, planning and evaluating interventions across different issues in health, MCA
becomes a useful tool to analyze the vast amount of data collectedwith a KAP questionnaire by
the creation of one index, optimizing interpretation and usefulness.

This study allowed us to identify multiple research opportunities, including the further use
of this method to determinewhat levels of knowledge are associated with pupal indexes, to vali-
date KAP surveys in different populations, to conduct further reliability studies, and to imple-
ment an abbreviated version of the method. Since the current evidence about the drivers of
preventive practices against dengue is not conclusive, further exploration of such factors would
help policymakers to understand and thus promote them in the population at risk.

In conclusion,MCA is a useful tool for the analysis of KAP surveys. In regard to dengue, age
and education are the only socio demographic factors associated with lower or mid levels of
knowledge, whereas collective decision-makingprocesses in the household are positively related
to high levels of knowledge.No sociodemographic factors were associatedwith practices.
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