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Dengue fever (DENF), chikungunya (CHIK), and Zika are responsible for the majority of the burden caused by
vector-borne diseases (VBDs); which are produced by viruses primarily transmitted by the Aedes mosquito. Aedes
have become prolific in urban areas due to a combination of climate change, rapid urbanization, increased

]é);:;lkgue human mobility, and globalization, causing the three VBDs to emerge in novel regions. Community knowledge
ikungunya . S . . ) . o . .
Zika guny can provide detailed insights about the spatial heterogeneity of disease risk and rates within a particular region,

improving public health interventions. Knowledge, Attitude, and Practice (KAP) surveys are used to shed light on
at-risk communities’ understanding of the vector, the pathogen, prevention and treatment strategies. Little is
known how KAP varies among diseases, and among neighborhoods within a city. Understanding KAP variation
among co-circulating VBDs at a fine-level, especially differences between endemic and emerging diseases, can
improve targeted interventions, education programs, and health policy. We administered KAP surveys to 327
individuals in healthcare centers and selected neighborhoods in Cali, Colombia in June 2019. We utilized
generalized linear models (GLMs) to identify significant predictors of KAP. Our findings suggest that knowledge
is related to community characteristics (e.g. strata), while attitudes and practices are more related to individual-
level factors. Access to healthcare also forms significant predictor of residents participating in preventative
practices. The results can be leveraged to inform public health officials and communities to motivate at-risk
neighborhoods to take an active role in vector surveillance and control, while improving educational and sur-
veillance resources in Cali, Colombia.

1. Introduction

Dengue fever (DENF), chikungunya (CHIK), and Zika are three
vector-borne diseases (VBDs) transmitted by the Aedes aegypti and Ae.
albopictus mosquitos (Harrington et al., 2001; Chouin-Carneiro et al.,
2016). In general, VBDs are responsible for approximately 1 billion in-
fections and 1 million deaths per year globally (World Health Organi-
zation, 2014); DENF, CHIK, and Zika cause the majority of
mosquito-borne diseases (Wang et al., 2016). While CHIK and Zika
first emerged in the Americas in 2013, DENF has been endemic in the
region for decades.

There are five known serotypes of the DENF virus, the fifth variant
follows the sylvatic cycle and the first four follow the human cycle

(Mustafa et al., 2015). Approximately 80% of infected dengue in-
dividuals are asymptomatic. An infection from one serotype will result
in lifelong immunity to that serotype, however, a secondary infection
with another serotype can lead to severe forms of DENF, such as dengue
hemorrhagic fever and dengue shock syndrome. Between 50 and 97% of
those infected with CHIK will be symptomatic (Nakkhara et al., 2013),
and chronic complications after the acute infection subsides are com-
mon. Symptoms of chronic CHIK may include polyarthritis and poly-
myalgias, which can persist for months and even several years, resulting
in mobility issues (Sissoko et al., 2009; Hoarau et al., 2010; Simon et al.,
2011). An estimated 80% of individuals infected with the Zika virus are
asymptomatic (Duffy et al., 2009). Non-vector-borne modes of trans-
mission are also possible for Zika, including sexual contact, blood
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transfusions, and vertically via pregnant mother to child (Calvet et al.,
2016). Furthermore, congenital disorders are associated with Zika,
especially microcephaly and Congenital Zika Syndrome (Guilland,
2016). In rare cases, Zika has been linked to neurological disorders,
including Guillain—Barré Syndrome, acute myelitis, and meningoen-
cephalitis (Araujo et al., 2016; Calle-Giraldo et al., 2019).

It is critical to implement surveillance strategies that can improve the
understanding of DENF, CHIK, and Zika transmission. VBD surveillance
can facilitate the timely reporting of disease cases, reduce under-
reporting, inform policymakers, increase disease awareness, define
funding and research priorities (Toan et al., 2015); ultimately reducing
the economic and public health burden in at-risk locations around the
world (Shepard et al., 2016). For example, improved VBD surveillance
can reduce viral transmission by reducing available vector habitats,
influencing behavioral changes (Gubler and Clark, 1994; Healy et al.,
2014) to improve bite prevention techniques (i.e. repellants, clothing,
and community control programs).

For this study, we evaluate local familiarity with DENF, CHIK, and
Zika transmission and intervention and preventative strategies in Cali,
Colombia using the Knowledge, Attitude, and Practice (KAP) surveying
approach. The KAP survey approach was first used in 1950s in the do-
mains of family planning and population studies and are now widely
used to study public health (Launiala, 2009). KAP studies are widely
regarded as easily conductible, measurable, and interpretable (Raina,
2013). Within the context of VBD research, KAP approaches are used to
shed light on at-risk communities’ understanding and behaviors related
to the vector, the pathogen, prevention and treatment strategies (Potter
et al., 2016; Udayanga et al., 2018). Social, cultural, political, and
economic factors affect human behavior, which in turn can influence the
transmission, emergence, and distribution of VBDs (Heintze et al.,
2007). The results of KAP studies can be used to improve vector control
and management strategies by understanding how human knowledge,
behavior, and decisions may influence VBD risk (Alobuia et al., 2015).

Several studies have utilized KAP-type surveys to examine DENF,
CHIK, and Zika (Fritzell et al. 2016, 2018; Higuera-Mendieta et al.,
2016; Wong et al. 2016, 2017; Corrin et al., 2017; Diaz-Quijano et al.,
2018; Samuel et al., 2018; Udayanga et al., 2018). Fritzell et al. (2016)
found that French Guiana residents had less understanding of CHIK than
DENF, while education and living in single family homes were positively
associated with more knowledge of CHIK. Wong et al. (2017) compared
perceptions of DENF and Zika in Malaysia, suggesting that respondents
believed DENF was more severe than Zika, while personally knowing
someone who died from DENF was associated with higher perceived
severity of Zika. Corrin et al. (2017) provided a systematic review of
KAP studies that examined CHIK; finding that KAP of CHIK among the
public and health professionals varied across populations. Furthermore,
they found that although knowledge of CHIK is higher in affected areas,
a large proportion of the population does not well understand the risks
posed by the disease to protect themselves and their communities.

While KAP has been utilized in Asia and Central and South America,
it is not well understood how KAP results vary among DENF, CHIK, and
Zika; and between different neighborhoods within a municipality. Un-
derstanding KAP variation among concurrent VBDs, especially the dif-
ferences between endemic and novel diseases can improve targeted
interventions, education programs and health policy. Colombia is a
prime candidate for understanding KAP variation due to the presence of
three VBDs transmitted by Ae. aegypti and Ae. albopictus: dengue
(endemic), chikungunya (novel), and Zika (novel). Whiteman et al.
(2018) highlight the importance of understanding community percep-
tions of co-circulating VBDs caused by the same vector (DENF, CHIK,
and Zika). They found that low income, low education, and elderly
residents should be prioritized when improving education and vector
surveillance programs, while participants had better knowledge of
DENF than CHIK and Zika. However, Whiteman et al. (2018) did not
sample residents from middle socioeconomic status (SES) neighbor-
hoods; their sample only included residents from four neighborhoods,
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which may not encompass KAP variation across an entire administrative
area (e.g. Panama City). Furthermore, KAP results may not be neces-
sarily generalizable to other regions due to sociocultural, socioeco-
nomic, and institutional factors.

The purpose of this study is to utilize community surveys to identify
the role of neighborhood and individual level factors on knowledge,
attitudes, and preventative practices regarding three co-circulating
VBDs in Cali, Colombia. We support the notion that perceptions and
behavior are spatially heterogeneous across space, but could be spatially
homogenous within certain boundaries. There is an inherent nexus be-
tween health and place (Rudisill et al., 2012; Flamand et al., 2017),
therefore, it is critical to capture the community-place-based de-
terminants of VBD risk. The findings of this study provide critical in-
sights about the effectiveness of public health campaigns, areas of
improvement regarding intervention strategies, and where to enhance
educational programs. We administered KAP surveys to residents in a
variety of healthcare centers, universities, and door-to-door in certain
neighborhoods during the month of June of 2019.

Among the expected results was that participants would be more
familiar with DENF (endemic) than CHIK or Zika (novel/emerging) due
to the area under study being endemic. We also expected that partici-
pants living in low socioeconomic status neighborhoods would have less
knowledge of the three VBDs, participate in less preventative measures,
and would be less worried about becoming infected, especially for CHIK
and Zika. Furthermore, we also aimed to examine how accessibility to
healthcare resources might influence KAP, and we expected that those
with poorer accessibility will have less knowledge and participate in less
preventative measures. We use a generalized linear modeling approach
to identify significant predictors of resident and community KAP of
DENF, CHIK, and Zika in Cali. This work is also part of a long-term and
ongoing body of research that seeks to improve VBD surveillance in Cali
in collaboration with public health officials, the communities, and uni-
versities (Hagenlocher et al., 2013; Eastin et al., 2014; Delmelle et al.
2014, 2016; Hohl et al., 2016; Krystosik et al., 2017, 2018; Desjardins
et al., 2018).

The remainder of the paper is structured as follows: section 2 de-
scribes the study area, sampling design of the KAP survey approach and
the methods for analyzing the surveys; section 3 provides descriptive
and inferential statistical results; section 4 constitutes a discussion based
on key findings; and section 5 provides concluding remarks.

2. Study area & methods
2.1. Study area

The city of Cali is the second-largest city in Colombia and third most
populous with an estimated 2019 population of 2.7 million. Cali is very
densely populated with an estimated 4900 people per square kilometer.
The city is comprised of 340 neighborhoods (Spanish: barrios), which
are classified by socioeconomic stratum (see Fig. 1). The stratum clas-
sifications are a combination of social class (e.g. income levels) and
housing infrastructure and characteristics. The majority of the low strata
neighborhoods are in the east, southwest, and western “handle” of Cali;
the majority of middle strata neighborhoods are scattered central and
western regions; and the high strata neighborhoods are found in the
south, and along the west and northern regions. In general, the middle
strata neighborhoods typically separate the high from the low, and there
are also instances of low strata being adjacent to high strata. According
to 2010 estimates, approximately 1.1 million people lived in low strata
neighborhoods (1-2); 800,000 in middle (3-4); and 160,000 in high
(5-6).

In Colombia, DENF is endemic with increasingly frequent epidemic
outbreaks every 2-3 years. The biggest national outbreak in the last 11
years occurred in 2010, cases increased from 9745 in 1992 to 151,774 in
2010 (Castrillon et al., 2015). In January 2019, the Secretary of Health
of Valle del Cauca Department where the city of Cali is located
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(Departments are similar to U.S. states) announced a yellow alert to the
probable increase in cases of VBDs throughout the year. Different efforts
in community prevention strategies and education managed to control
the alert and allowed this region to avoid an epidemic. Still, by
September 2019, a total of 2495 cases of DENF, 6 of severe dengue and
one death were reported after a 4-year period without dengue-related
deaths (Valle del Cauca, 2019). On the other hand, CHIK was first re-
ported in 2014 causing a national epidemic with 106,592 cases (INS,
2014), and since then a total of 488,996 cases has been notified to
SIVIGILA (Sistema Nacional de Vigilancia en Salud Publica - National
Public Health Surveillance System). In 2015, the highest proportion of
cases and national incidence was reported, with 1359 cases per 100,000
inhabitants (INS, 2019). On October 2015, the first cluster of confirmed
Zika cases was identified; there were a total of 106,659 reported cases
from the start of the outbreak to the final week of 2016 (INS, 2017).
During the two following years, the number of cases has decreased
significantly, but still persist with the higher proportion in regions such
as Valle del Cauca, Putumayo and Santander (INS, 2019).

2.2. Sampling design

Surveys were administered at three different locations: health care
centers, universities, and door-to-door to maximize sample size and
ensure we captured a wide variation of residents. The healthcare centers
targeted are located in each neighborhood strata group (low, medium,
high). Out of the 494 healthcare facilities in Cali, we randomly selected
37 that treated DENF, CHIK, and Zika; then contacted the directors of
each healthcare institution to request permission to administer our
surveys. Five healthcare centers granted permission to survey in their
waiting rooms: Clinica Amiga Comfandi, Dime, Comfandi Morichal,
Hospitalito Infantil Nino Dios and Comfandi Tequendama, which are
found in all three strata groups (see Fig. 2B). Surveys were also con-
ducted at Universidad Icesi and Universidad Libre. Even though the
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universities are located in the same area of the city, the student popu-
lation comes from all over town as well as neighboring cities, helping
introduce variation in the sample. The last method used to collect sur-
veys was door-to-door. Neighborhoods were selected, as in the case of
the universities to add SES variability. Informed verbal consent was
obtained from each participant before the survey was administered by a
trained researcher. The survey and research protocols were approved by
the University of North Carolina at Charlotte’s IRB board (UNC-Char-
lotte Case No. 18-0399); and additional approvals were issued by ethical
boards from each university and healthcare center in Cali, Colombia that
took part in the survey process. The full survey (both English and
Spanish versions) can be found in the supplemental materials. The sur-
veys were filled out by hand by participants in the approved locations.

2.3. Survey instrument

The questionnaire took approximately 15 min to complete and is
comprised of six sections: (1) sociodemographic information, (2) general
questions, (3) knowledge, (4) attitudes, (5) practices 1, and (6) practices
2. Section 1 collected numerous sociodemographic information,
including the participant’s address that can be linked with a neighbor-
hood and strata shown in Fig. 1. Section 2 contained questions about
previous diagnoses and familiarity with the three VBDs; additionally, we
asked respondents about their accessibility to healthcare services. Sec-
tion 3 was organized around 12 multiple choice and fill-in questions
about a participant’s knowledge of the VBDs. Section 4 contained twelve
statements and utilizes a Likert scale to capture a participant’s fear of
contracting a disease, prevention responsibility (government or indi-
vidual), belief of fumigation effectiveness and necessity to seek treat-
ment if infected with a VBD. Section 5 contained five statements and
questions regarding the potential risk that sexual intercourse may have
on disease transmission, motivation to learn about preventative tech-
niques, and how often fumigation efforts are carried out on their resi-
dence and their neighborhood. Finally, section 6 asked participants:
“how often do you practice the following measures to prevent mosqui-
toes in your home/neighborhood?” Nine preventative measures were
listed, and a Likert scale was provided to capture the frequency of
participation.

2.4. Data coding

Survey answers were coded and entered in a secure database. The
address and neighborhood of their home were used for geocoding pur-
poses that allowed us to link their residence to a neighborhood stratum
and recoded it accordingly. Answers to non-Likert scale questions were
recoded to a specific number (e.g. 1 if a participant ever had DENF, 2 if
they had DENF and CHIK or Zika, etc.). Correct answers for the
knowledge section were assigned a value of ‘1’ if a participant answered
yes to the following: each disease is transmitted by mosquitoes; Zika can
be transmitted via sexual contact; there are currently no vaccines
available for the three VBDs; a baby is at risk of birth defects if a preg-
nant woman is infected with each disease; female Aedes bite in the
morning and afternoon; and people are at a higher risk of contracting the
three VBDs during the cities wet seasons (given the tropical location of
Colombia, there are no seasons. Climate is based on altitudinal zonation
with Cali having 2 wet and 2 dry periods during a year). A value from
0 to 9 was entered depending on how many information sources were
checked by participants, which was completed for each disease. For
section 4 (attitudes), the responses were coded from 1 to 6 (on a scale
from: not sure to completely agree). For section 5 (practices 1), a value
of ‘1’ was entered for “yes” responses and ‘0’ otherwise. The frequency
of spraying was entered from ‘0’ (never/don’t know) to ‘5’ (daily). For
section 6 (practices 2), the frequency of individuals participating in
mosquito prevention measures were assessed using a range from ‘0’
(never) to ‘5’ (daily).
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2.5. Data analysis

Generalized linear models (GLM) were utilized to examine the effects
between KAP scores and socioeconomic, sociodemographic, and acces-
sibility variables. Three separate GLMs were used for knowledge, atti-
tudes and practices, respectively (each acting as the dependent
variable). Total scores for knowledge, attitude, and practice were
determined by adding the responses for each section (maximum value of
57, 60 and 60, respectively). The independent variables came from
section 1 of the survey (sociodemographic information), and the
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accessibility variables also serve as potential predictors in the GLMs.
Variable inflation factor (VIF) tests were conducted to assess potential
collinearity. Chi-square (X?) tests were employed to compare the inde-
pendent variables between the three socioeconomic strata groups and to
test for significant differences regarding the answers to individual
questions. Data analysis was conducted in R.
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Fig. 3. KAP participants’ place of residence per neighborhood - 21 participants live outside of Cali’s boundary, but live in Valle del Cauca. Total number of surveys

per neighborhood in (A); and percent of surveys collected per neighborhood in (B).



M.R. Desjardins et al.

3. Results
3.1. Sociodemographic information

A total of 327 surveys were collected during the one-month field-
work window from homes in various neighborhoods across Cali, Uni-
versidad Icesi, Universidad Libre and from five healthcare centers. Fig. 2
shows the locations where the surveys were conducted. Fig. 3 shows the
place of residence for the survey participants.

Table 1 provides the socioeconomic and demographic characteristics
of the 327 participants in our study, with 96 (29.4%) surveys collected in
low strata neighborhoods, 159 (48.6%) in middle strata, and 72 (22%)
in high strata. Chi-squared tests were conducted to compare the socio-
demographic attributes between the low, middle, and high strata
neighborhoods, suggesting significant differences between the 3 strata
groups for 6 out the 9 sociodemographic attributes. There was no sig-
nificant variation in gender, educational attainment, and income.
However, we identified significant variation in the age groups of re-
spondents (p < 0.05); occupation status (p < 0.05); civil status (p <
0.05); children in the household with a higher proportion of children in
middle and low strata (p < 0.05); household size (p < 0.05); and race
with a higher proportion of Afro-Colombians and Mestizos in low strata
neighborhoods (p < 0.05).

3.2. General questions

The majority of participants reported never contracting DENF, CHIK,
or Zika (Fig. 4). For those who reported contracting DENF and Zika, the
highest proportion of individuals lived in middle strata neighborhoods.
For those who had CHIK or more than one of the VBDs, the highest
number of cases were in low strata neighborhoods, followed by middle
and high. In general, the participants were more familiar with DENF,
followed by CHIK and Zika.

Fig. 5 compares the participants’ approximate travel time to a
healthcare facility. We find that participants from low and middle strata

Table 1
Socioeconomic and demographic characteristics of the KAP participants.
Variable N % Variable n %
Strata Occupational
Status
Low 96 29.4 Full-time 120 36.7
Middle 159 48.6 Part-time 20 6.1
High 72 22 Independent 66 20.2
Age Unemployed 12 3.7
18-35 143 43.7 Student 36 11
36-55 108 33 Pension 30 9.2
56-70 60 18.3 Housewife 43 13.1
70+ 15 4.6 Children in
Household
Marital Status Yes 163 49.8
Single 126 38.5 No 163 49.8
Married 89 27.2 Household
Size
Free Union 81 24.8 1 16 4.9
Separated/ 19 5.8 2 72 22
Divorced
Widow 18 3 3-4 152 46.5
Other 1 0.3 5-6 68 20.8
Education >6 19 5.8
Level
Primary 25 7.6 Race
Secondary 109 333 White 115 35.2
Undergraduate 73 22.3 Mestizo 158 48.3
Postgraduate 46 14 Afro- 42 12.9
Colombian
Technical 73 22.3 Indigenous 6 1.8
Other 3 0.9
Mixed- 2 0.6
Race
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were more likely to travel 60 min or more (p < 0.05). Furthermore,
participants who lived in a high strata neighborhood reported generally
less travel times to access healthcare. Other questions about access to
care revealed that 21.4% of participants reported discontinuing medical
treatment because of excessive commuting times, and those from high
strata neighborhoods ranked their overall access to care better than
those from middle and low areas (p < 0.05).

3.3. Knowledge

Approximately 76% of participants correctly stated how DENF is
transmitted, while 58% and 46% were correct for CHIK and Zika,
respectively. Figs. 6 and 7 summarize the types of sources where par-
ticipants learned about the three VBDs. In general, television, radio, and
doctors are most common sources of information of VBDs in Cali. Also,
participants reported that newspaper contained more information about
CHIK and Zika than DENF. Interestingly, low strata neighborhoods re-
ported slightly more sources of information about DENF and CHIK than
middle strata neighborhoods (chi-squared p < 0.05). However, we ex-
pected this finding due to these low-strata neighborhoods manifesting
higher risk and more cases of VBDs (Hagenlocher et al., 2013; Delmelle
et al. 2014, 2016). Therefore, targeted interventions and educational
material are distributed more frequently in those locations than middle
and high strata neighborhoods of Cali (based on conversations with
public health officials in Cali during the fieldwork period).

Approximately 57% reported the correct answer that Zika can be
transmitted sexually, and one-third of the participants believed that
each VBD can be prevented with a vaccine. Around two-thirds correctly
answered that a child is at risk for birth defects if a pregnant mother is
infected with Zika, and 65% and 43.7% incorrectly answered (no) for
DENF and CHIK, respectively. In general, two-thirds of the participants
knew the correct times of day when they are at the highest risk of being
bit by Aedes; however, the responses varied by disease, suggesting that
many individuals are not aware that Aedes can transmit all three VBDs.
Furthermore, 50% of participants think DENF is becoming more severe
in Cali, and 43% think similarly of CHIK and Zika. Finally, around two-
thirds of participants knew that seasonality will impact DENF and CHIK
transmission risk, and only 50% guessed correctly for Zika.

Overall, the results suggest that participants have the greatest
knowledge of DENF, followed by CHIK and Zika, and particularly so for
residents in high strata neighborhoods. Average knowledge scores
increased with socioeconomic status, except in the case of CHIK (Fig. 8).

Table 2 shows the results of the GLM using total knowledge score as
the dependent variable. The total knowledge scores were significantly
related to strata, sex, civil status, race, and occupation. Compared to
high strata neighborhoods, low and middle strata neighborhoods had
significantly less knowledge of DENF, CHIK, and Zika. Notably, males
had significantly less knowledge than females. Married individuals had
significantly more knowledge, while separated/divorced individuals
had significantly less knowledge. Compared to Afro-Colombians, Whites
and Mestizos had significantly more knowledge. Finally, individuals
working full-time had significantly more knowledge of the three VBDs.

3.4. Attitudes

In general, participants seemed to think that DENF is more severe
than CHIK and Zika, but the median scores suggested that they thought
there was an equal risk of infection for all three VBDs. Interestingly,
participants believed that they are generally more responsible to prevent
VBDs than the government; and the vast majority of participants think
fumigation efforts are effective. The results also indicated a consensus of
seeking immediate medical treatment if infected with DENF, CHIK, or
Zika. When comparing the attitude scores by neighborhood strata, there
are no significant differences (see Fig. 9).

Table 3 shows the results of the GLM using total attitude score as the
dependent variable. The total attitude scores were significantly related
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to education, race, occupation, and previous infection of one or more of
the VBDs. Compared to individuals with a postgraduate education, in-
dividuals with a secondary education had a significantly lower attitude
score. Compared to Afro-Colombians, Whites and Mestizos had a
significantly higher attitude score, while Mixed-Race individuals had a
significantly lower attitude score. Compared to students, individuals
who worked full-time, part-time, independently, collected pension,
housewives, and those who were unemployed all had a significantly
higher attitude score. Finally, individuals who were previously infected
with one or more of the three VBDs were significantly more likely to
report higher attitude scores.

3.5. Practices

Approximately 63% answered that they strive to learn about DENF,
56.9% for CHIK, and 51% for Zika. Two-thirds of participants were
worried about mosquitoes in their neighborhood. Only 16% of partici-
pants stated that they contacted public health authorities if they iden-
tified mosquitos or larvae in their home or neighborhood. Almost half
stated that they do not know when their residence or neighborhood was
last sprayed or reported only annual fumigation. The vast majority of
our sample reported never wearing effective clothing to prevent bites;
the majority also reported changing water in containers, checking the
containers for larvae, and removing materials that can accumulate water
on a weekly basis. In general, the participants do not take part in
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Fig. 7. Average educational sources per neighborhood strata regarding DENF, CHIK, and Zika.

community cleanup activities.

Table 4 shows the results of the GLM using total practice score as the
dependent variable. The total practice scores were significantly related
to previous infection of one or more of the VBDs, familiarity with one or
more VBDs, access rating to healthcare, travel time to a healthcare fa-
cility and refusing healthcare because of the cost. Interestingly, no de-
mographic or socioeconomic variables had a significant relationship
with total practice score. Individuals who were previously infected with
or were familiar with one or more of the three VBDs were significantly
more likely to participate in more preventative measures against DENF,
CHIK, or Zika. Next, the positive relationship between practices and
access rating suggests that individuals are significantly more likely to

participate in preventative measures as their access to healthcare in-
creases. Furthermore, compared to individuals who travel an hour or
more to a healthcare facility, individuals who travel 5-15 min were
significantly less likely to participate in preventative measures, while
individuals who travel less than 5 min were significantly more likely to
participate in preventative measures.

4. Discussion
This study is the first of its kind to assess and compare KAP across

low, middle, and high strata neighborhoods across an entire city that is
at risk for DENF, CHIK, and Zika, simultaneously. Although the
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usefulness of studies that evaluate KAP of populations at risk of diverse

Table 2 . . . . .
: o i X diseases has been previously recognized, these studies are essential to
Modeling results of Knowledge - significant predictor variables. TN N . . .
understand individual’s prevention practices in order to assess the
Variable Coefficient P Compare impact of various education strategies and design, develop and imple-
Intercept 3.225 0.000 NA ment community tailored programs (Hernandez-Escolar et al., 2014).
Low Estrata -0.089 0.005 High Estrata Our findings suggest that knowledge of DENF, CHIK, and Zika in Cali,
Middle Estrata -0.067 0.017 High Estrata Colombia is related to community characteristics (e.g. strata), while
Males -0.064 0.006 Females . ) L.
Married 0.105 0.000 Free Union attitudes and practices are more related to the individual level
Separated,/Divorced .0.158 0.003 Free Union (Higuera-Mendieta et al., 2016). Individuals knew more about DENF,
White 0.125 0.000 Afro-Colombians followed by CHIK; likely due to the latter two diseases first appearing
Meszm i 0.135 0.000 Af“(;'c"lomblaﬂs between 2013 and 2014, while DENF has been endemic since the 1970s.
Work Full Time 0.082 0.035 Student This is common throughout the world where DENF has been endemic for
decades, followed in recent years by novel outbreaks of CHIK and Zika
(e.g. Wong et al., 2016; Wong et al., 2017).
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Fig. 9. Median attitude scores by strata and disease.
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Table 3

Modeling results of Attitudes - significant predictor variables.
Variable Coefficient p Compare
Intercept 3.991 0.000 NA
Secondary Educ -0.075 0.001 Postgraduate
White 0.057 0.017 Afro-Colombian
Mestizo 0.063 0.006 Afro-Colombian
Mixed-Race -0.221 0.038 Afro-Colombian
Work Full-time 0.077 0.003 Student
Housewife 0.11 0.000 Student
Independent Work 0.065 0.023 Student
Work Part-Time 0.087 0.016 Student
Pension 0.086 0.009 Student
Unemployed 0.11 0.012 Student
Had 1 or more VBDs 0.028 0.006 NA

Table 4

Modeling results of Practices - significant predictor variables.
Variable Coefficient p Compare
Intercept 3.504 0.000 NA
Had 1 or more VBDs 0.052 0.000 NA
Familiar with 1 or more VBDs 0.027 0.002 NA
Rating Access to Healthcare 0.017 0.047 NA
Travel 5-15 min to Healthcare -0.069 0.039 1h+
Travel <5 min to Healthcare 0.295 0.000 1h+
Refused Healthcare because of Cost -0.042 0.026 NA

As we expected, knowledge scores were higher in high strata
neighborhoods, then middle, followed by low. Knowledge gaps are clear
barriers for the population to get empowered with the corresponding
prevention plans. This issue could be approached with the proper use of
media and the dissemination of diverse campaigns, detailing the origin
of these diseases, the factors that perpetuate them, their transmission,
necessary treatment and prevention methods. This way, each citizen
acquires responsibility for their environment, the periodic inspection of
the potential reservoirs and their respective elimination. As Hernande-
z-Escolar et al. (2014) mentioned, empowerment is a key condition for
the community to face complex public health problems. Even though,
the constant role of public health expert authorities is essential to
guarantee the transformation of good knowledge into better practices
(Sarmiento-Senior et al., 2019).

In general, attitude scores were similar when comparing each
neighborhood strata, but varied by numerous sociodemographic char-
acteristics (Whiteman et al., 2018; Fritzell et al., 2018) and previous
infection with one or more of the VBDs (see Table 3). The community is
the one that exerts control over the vector and its proliferation, there-
fore, the greatest importance lies in the attitudes of individuals and their
awareness of the problem which will ultimately create the foundation
for behaviors turned into habits over time. It is necessary to raise
awareness in communities (Diaz-Quijano et al., 2018), so attention fo-
cuses on vector control through fumigation and use of repellent, but also
on prevention and targeted actions in the eradication of the disease
(Castaneda-Porras et al., 2017). Despite TV, radio, and doctors as the
predominant source of information about the risks of the three VBDs in
this study, there is a degree of ineffectiveness and educational cam-
paigns need to be improved. The involvement of local stakeholders such
as community leaders and teachers, from the initial stages of education
and promulgation of campaigns, could improve the acceptance and
adaptation of the strategies to the specific conditions of each neigh-
borhood. Furthermore, assessing the specific problems faced by each
area of the municipality and having information on risk conducts related
to vector breeding allows the design of local communication strategies
that would consider concrete proposals for behavioral changes (Castro
et al., 2008).

Access to health and previous infection with the disease significantly
improved an individual’s willingness to take preventative measures
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against DENF, CHIK, and Zika. Timely diagnosis of a disease is critical to
morbidity and mortality and can help mitigate current and future out-
breaks (Casas et al., 2017). We encourage more KAP-related studies to
incorporate healthcare access and utilization questions. Furthermore,
doctors were the third main source of knowledge, which highlights that
routine access to medical care is a major component to reduce VBDs.

Our study corroborates the results found by Whiteman et al. (2018);
we found that there were a low number of participants who closed their
windows throughout the day. Since Aedes is known to seek shelter inside
during the hottest temperatures of mid-day (Dzul-Manzanilla et al.,
2017), vector-control efforts should address the issues of utilization of
window screens. Public health officials may need to communicate with
property owners to install structures (i.e. screens) to reduce mosquito
presence inside residences.

While many studies typically compare high and low-income neigh-
borhoods or locations, we have found evidence that middle-income
neighborhoods may lack resources due to a variety of reasons. Our
findings and other similar KAP studies suggest that high strata in-
dividuals are typically more educated and have access to more health-
care resources (Fritzell et al. 2016, 2018), while the low strata
individuals in Cali live in neighborhoods that are frequently targeted by
public health campaigns and mosquito eradication programs. Therefore,
individuals living in middle strata neighborhoods in Cali may face public
health disparities regarding targeted interventions both before, during,
and after outbreaks of DENF, CHIK, and Zika.

It is also worth noting that this study occurred in the summer of
2019, while major outbreaks of CHIK and Zika occurred between 2014
and 2016 (Krystosik et al., 2017; Desjardins et al., 2018). It is therefore
surprising that the findings of the KAP survey suggest that CHIK and
Zika are still relatively misunderstood and awareness did not match the
levels of DENF in Cali. Since CHIK and Zika are transmitted by the same
vector, it is critical to improve the community’s understanding
regarding CHIK and Zika. In practice, if an individual is participating in
preventative measures against DENF, they are also protecting them-
selves against CHIK and Zika. However, CHIK and Zika can also be
spread vertically, and safe-sex education campaigns should be improved
to combat the congenital complications (especially microcephaly
resulting from vertical transmission of Zika).

Our findings also suggest that proximity to high-risk areas of DENF,
CHIK, and Zika do not necessarily influence knowledge, attitudes, and
preventative practices (Flamand et al., 2017). Therefore, spatial prox-
imity to disease outbreaks will not change the knowledge, attitudes, and
behaviors of individuals and communities at risk of transmission. As
shown in previous papers (e.g. Delmelle et al., 2016; Krystosik et al.,
2017), low strata neighborhoods in Cali are the highest risk areas of
DENF, CHIK, and Zika. As such, we strongly suggest that KAP studies be
implemented in VBD surveillance, coupled with typical spatial analysis,
statistics, and modeling. After the first KAP study is completed for a
baseline, follow-up studies can determine if surveillance and educa-
tional programs are improving overall KAP and mitigating the spatial
and space-time clustering of VBDs.

Despite the strengths of this paper, we acknowledge that there are
several limitations which can serve as avenues for future research. First,
the results may be slightly biased towards middle strata participants due
to the higher proportion of surveys collected from that group. Second, as
with any survey, recall bias may have affected the accuracy of the in-
dividual responses. Third, follow-up studies with the highest risk
neighborhoods can determine the best approaches for improving KAP.
Finally, our results may not be generalizable to other at-risk populations
of DENF, CHIK, and Zika outside of Cali; but should inspire other
communities to assess their understanding and preventative practices
regarding infectious disease. Despite these limitations, we are confident
that the statistical significance of the results improves our understanding
of KAP disparities between low, middle, and high strata neighborhoods.
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5. Conclusion

We encourage public health officials and community leaders to
examine the efficacy of their educational campaigns, while enforcing
preventative measures against the Aedes mosquito before an epidemic
may occur to minimize future cases. We also suggest that educational
and targeted intervention campaigns could be improved by allocating
resources to community leaders, considering that certain populations
have a distrust in government. These community leaders can dissemi-
nate educational materials to at-risk neighborhoods, which may increase
awareness and willingness to practice VBD preventative measures. VBD
prevention should also be proactive instead of reactive, that is public
health officials should not wait until an epidemic begins to intervene;
rather funding and stakeholders should be utilized year-round to raise
awareness and understanding about the diseases that are constantly
prevalent in certain communities.

This study also provides evidence that public health programs may
be lacking in middle income areas, due to targeted interventions
focusing on the lowest and “highest risk” neighborhoods. It is also clear
that more resources need to be devoted to improving the understanding
of CHIK and Zika. Therefore, educational material (e.g. TV, radio, and
social media — see Giustini et al., 2018) should discuss the risks and
complications of DENF, CHIK, and Zika since there are all transmitted by
the same vector and require the same climatic and environmental con-
ditions for successful infection. We also found that living within a
high-risk neighborhood or closer proximity to outbreaks of VBDs does
not necessarily translate into more knowledge and preventative mea-
sures, corroborating with Flamand et al, (2017). Overall, more
fine-level studies that evaluate community and individual KAP are
necessary to improve public awareness of VBD transmission.
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