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Dengue has become a burden to the world as dengue infection now occurs in
more countries compared to before 1990s. In Malaysia, Selangor records the
highest number of dengue cases every year. This study is done to investigate
the risk factors that cause dengue outbreaks in Selangor. Data on knowledge,
attitude and practice (KAP) together with environmental conditions were
collected in hotspot and non-hotspot dengue area using questionnaires in 2015
and 2016. Data on weather in Selangor was obtained from the Malaysian
Meteorological Department, and data on population distribution was obtained
from the Department of Statistics Malaysia to compare with data on dengue
incidences obtained from Selangor State Health Department. KAP data on
communities living in hotspot and non-hotspot areas were investigated, and
differences in knowledge and attitude marks were significant at p-value of 0.003
and <0.001 by T-Test, respectively. Environmental cleanliness on both areas
was also examined and result shows hotspot areas were dirtier, with p-value of
<0.001. Data on weather, relative humidity, mean 24-hour temperature, rainfall
amount and number of rainy days were analyzed, and various correlation levels
were found between weather and dengue incidences in all districts. The effect of
population density on dengue was observed. District with highest population
density, Petaling recorded the highest dengue incidences in both years. Logistic
regression on all risk factors was done to produce the final model, which
concludes that environmental condition, human attitude, and population density
are the most probable risk factors that cause dengue transmission. The
gualitative observation was done to look at the condition of both areas, and it
confirmed that people in non-hotspot areas display better attitude and
cooperation towards taking care of their surroundings. This shows that hygienic
inspection and health education on dengue should be focused on hotspot areas
to reduce the risk of dengue transmission.
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Denggi telah menjadi satu beban kepada dunia kerana sudah banyak negara
mempunyai jangkitan denggi sekarang berbanding sebelum 1990an. Di
Malaysia, Selangor mencatatkan kes denggi tertinggi setiap tahun. Kajian ini
dijalankan untuk menyelidik apakah faktor-faktor yang menyebabkan jangkitan
denggi di Selangor. Data tentang pengetahuan, sikap dan amalan (KAP)
bersama-sama dengan data tentang tahap kebersihan kawasan wabak dan
bukan wabak denggi telah dikumpul dengan menggunakan borang kaji selidik
pada tahun 2015 dan 2016. Data cuaca telah diperolehi daripada Jabatan
Meteorologi Malaysia dan data tentang jumlah penduduk telah diperolehi
daripada Jabatan Perangkaan Malaysia untuk dibandingkan dengan data
indisen denggi yang diperolehi daripada Jabatan Kesihatan Negeri Selangor.
Data KAP antara penduduk kawasan wabak dan bukan wabak dibandingkan
dengan menggunakan analisis ujian T dan keputusan menunjukkan bahawa
pengetahuan dan sikap antara penduduk di dua kawasan tersebut mempunyai
perbezaan ketara dengan nilai p 0.003 dan <0.001. Perbandingan tahap
kebersihan antara kedua-dua kawasan juga dinilai melalui ujian T dan keputusan
mendapati tahap kebersihan antara kedua-dua kawasan adalah ketara dengan
nilai p <0.001. Data cuaca telah dibandingkan dengan data insiden denggi dan
pelbagai nilai kolerasi antara kedua-dua data ditemui di semua daerah.
Kepadatan penduduk juga dibandingkan dengan jumlah insiden denggi dan
daerah Petaling yang mempunyai kepadatan penduduk tertinggi merekodkan
data insiden denggi tertinggi. Semua faktor yang menyebabkan denggi dianalisa
sekaligus menggunakan analisis logistik, dan model logistik yang diperolehi
menunjukkan faktor utama yang menyebabkan jangkitan denggi adalah sikap
manusia, tahap kebersihan kawasan penempatan dan kepadatan penduduk.
Pemerhatian mendalam yang dijalankan mendapati penduduk kawasan bukan
wabak lebih bertanggungjawab dan mudah bekerjasama dalam menjaga
kebersihan tempat tinggal. Kajian ini menunjukkan bahawa pemeriksaan
kebersihan dan pendidikan kesihatan perlu diberi perhatian dan dibuat dengan
lebih kerap di kawasan wabak untuk merendahkan risiko jangkitan denggi.
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CHAPTER 1

INTRODUCTION

1.1 Background of study

Dengue has affected more than 30% of the world population, with a range of 50
and 100 million cases per year (Amaku et al., 2014). According to World Health
Organization (WHO), in 2012, it is estimated that 500,000 dengue patients
develop severe dengue, including acute bleeding, organ deficiency, and plasma
leakage, while 2.5% of the patients died (Guo et al., 2016). Dengue initially found
to occur in only nine countries, has become an endemic disease in more than
100 countries worldwide (WHO, 2020). The spread of the disease has gone
across the continents. Millions of dengue cases have been reported around the
Americas, South-East Asians and Western Pacific, and the possible risk of
dengue fever outbreaks now exist across Europe (WHO, 2020).

Almost half of the world population lives in areas highly exposed to dengue
outbreaks (Buczak et al., 2012) and over 2.5 billion people living in endemic
prone areas (Bharati & Saha, 2018). Low to middle-income countries are the
most affected by dengue (Gutierrez-Bugallo et al., 2017). Dengue is a type of
climate-sensitive disease. Therefore more cases are reported in hot and tropical
weather with adequate rainfalls (Connor & Mantilla, 2008). The distribution of
dengue is expected to widen as global warming has spread the warm regions
further (Degallier et al., 2010). Apart from climatic variables, the geographic
distribution of dengue is also influenced by socioeconomic variables (Astrom et
al., 2012). Dengue, transmitted by Aedes mosquitoes, is also associated with
urbanization, water storage, inadequate water supply, discarded containers and
population movements (Vanwambeke et al., 2006).

Aedes aegypti and Aedes albopictus are two main mosquitoes that spread
dengue from one person to another by carrying the dengue virus. Its unique
structure facilitates the spread of the virus, host response, presence of various
serotypes and advantageous condition of mosquitoes breeding environment
(Gurugama et al., 2018). The symptoms of dengue vary from minimal to mild
such as flu-like and fever to severe ones like joint pain, headache, nausea and
vomiting (Buczak et al.,, 2012). Some patients develop the more severe
syndrome, which is known as dengue haemorrhagic fever (DHF) or dengue
shock syndrome (DSS), which can be detected by coagulopathy, increased
vascular fragility and loss of fluid, which can subsequently lead to hypovolemic
shock (Guzman et al., 2013). There are reports on dengue complications that
cause multi-organ failure and complex dengue infection on the stomach, liver,
lung, kidney and brain (Gurugama et al., 2018). DHF causes a death rate as high
as 50%, where more than 60% of the fatality cases occur in children, as
improperly treated children easily capitulate (Ismail, 2014).



An estimation of 3 billion people lives in regions easily exposed to dengue
outbreaks and 600 million come from Southeast Asia itself. Indonesia recorded
the highest dengue cases compared to other South-East Asian countries (WHO,
2020). Dengue fever has been one of the most lethal vector-borne diseases in
Malaysia, and the fatality rate due to dengue has almost tripled in numbers for
2014 compared to the same period the previous year, which were 215 versus
922 deaths (Ismail, 2014). The fatality rate continued to increase in 2015 with
335 deaths before the number decreased gradually to 237, 177 and 147 in 2016,
2017 and 2018, respectively. However, in 2019 deaths due to dengue in
Malaysia recorded an increase again, at 182 (MMOH, 2020). In 2013, 43,000
cases were reported in Malaysia, higher than before (Australian Network News,
2014). Dengue cases continued to rise to 120,836 in 2015 before it lowered
steadily to 101,357, 83,849 and 80,615 in 2016 to 2018, respectively. In 2019,
dengue cases rose again to 130,101 (MMOH, 2020).

Malaysian Health Minister S. Subramaniam stated there were peaks of the cycle
every three to four years (AFP, 2014). Localities of dengue were detected in 13
states which account for 594 in number, and 115 hotspot areas were reported in
Selangor, Kuala Lumpur and Putrajaya (Bernama, 2014). More than one
thousand premises inspected showed that they had optimal atmosphere for the
Aedes breeding process and among all states, Sarawak, Penang, and Selangor
ranked the three highest states with Aedes index between 2.0% to 5.1%
(Bernama, 2014). By 2019, among all states in Malaysia, Selangor recorded the
highest dengue incidence rate per population with the value of 1096.8 per 10,000
population, while Terengganu reported the highest death rate with a value of
more than 0.5 in 2019 (MMOH, 2020).

Most dengue cases occur in urban areas, favourable for their high-density
population and rapid development, which help mosquitoes breeding and dengue
spread faster (MMOH, 2020). Socioeconomic factors also affect dengue
transmission, where older age groups showed poor knowledge of dengue
compared to younger people (Naing et al., 2011). The condition of surrounding
areas influences dengue transmission too. Spots like institutional, workshops
and agriculture areas presented more dengue vector habitat, especially after
rainy seasons, while areas with systematic and cleaner surroundings showed
fewer habitats suitable for Aedes (Sarfraz et al., 2012).

Public awareness, disease surveillance, and control programs might help
monitor dengue cases to keep track of the outbreaks that might happen at any
time throughout the year (Atkinson, 2010). In foreign countries, treatment of
dengue patients acquired them to be ready financially to pay for the care and
medication. Hospitals in countries with high dengue incidence annually must also
prepare enough resources for treatment and medicine during predicted peak
periods. Shepard & Suaya (2010) study showed that giving dengue vaccination
can contribute to cost-effectiveness not only to the infected persons but also to
the countries, with the condition that vaccines become accessible and available.



1.2 Problem statement

Dengue is considered one of the most lethal vector-borne disease in the world.
It is responsible for the most morbidities and mortalities compared to other
arboviral diseases (Alobuia et al., 2015). In 2018, an estimation of 390 million
people was affected by dengue, leading to mild to chronic health threat in the
human population (Asad et al., 2018). Fifty percent of the world population is at
risk of dengue infection, and 70% live in Southeast Asia and Western Pacific
parts (Harapan et al., 2016). In Malaysia, the number of dengue cases fluctuates
from year to year, and the highest number of dengue cases recorded every year
is in the Selangor state (MMOH, 2019). The fluctuation of the number of dengue
cases shows a lack of knowledge, attitude and practice among Selangor citizens
and contributing factors such as environmental conditions, weather, and
population density, which necessitates this study.

1.3 Significance of the study

Most dengue studies done worldwide and in Malaysia reported many cases, risk
factors, vector factors, and the best available treatment to dengue patients.
However, few published research data on risk factors take into account all
possible aspects of dengue linked to its epidemiology triad. Selangor, the state
that recorded the highest dengue in Malaysia, showed fluctuation of dengue
incidences over the years, for example, 62,867 incidences in 2015, 51,652 in
2016 and the number increased after 2016. There is a need to do a study in
Selangor to investigate the reasons. There are also few published researches
on KAP related to dengue in Selangor, but none of them combines it with other
factors to see how the combination affects the number of dengue cases. This
study does not investigate dengue cases and death by one factor per se but
aimed to determine the risk factors of dengue in Malaysia from available data
using statistical approaches to confirm the main risk factors, elucidate what
caused the main factors to influence dengue outbreak for years and suggest a
probable solution that helps Malaysians combat dengue in the right approach.
The result established in this study will take vectors and humans into
consideration and seasonal forecast, socioeconomic factors, urbanization areas,
knowledge, and much more to predict dengue outbreaks. This will help
authorities and physicians be fully prepared in all aspects the next time a dengue
outbreak occurs. It will also help in planning and making decisions to help lower
dengue cases and death caused by dengue.

1.4 Research questions

i)  What are the differences in KAP levels of communities living in
hotspot and non-hotspot dengue areas in Selangor?
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1.6

16.1

i)  What is the difference in environmental conditions between hotspot
and non-hotspot areas of dengue outbreak in Selangor?

iii) How weather affects dengue outbreak in Selangor?

iv) What is the relationship between population density and dengue
cases in Selangor?

v) What are the main risk factors of dengue outbreak in Selangor?
Hypothesis
i) The level of KAP among communities living in non-hotspot areas are

higher than communities living in hotspot areas of dengue outbreak

i) The cleanliness of non-hotspot areas of dengue is more hygienic than
hotspot areas

iii) Weather factors such as rainfall distribution, temperature and
humidity affect the fluctuation of dengue cases in Selangor

iv) Areas with higher population density show higher cases of dengue
v) KAP, weather, population distribution and environmental conditions
influence dengue outbreak

Objectives of study

General objective

To investigate risk factors of dengue fever outbreaks and transmission in
Selangor, Malaysia, using a regression approach

1.6.2

Specific objectives

i) To examine the difference of level of KAP between communities
living in hotspot and non-hotspot areas of dengue outbreak in
Selangor

ii) To illustrate the difference of environmental condition between
hotspot and non-hotspot areas of dengue outbreak in Selangor



iii) To observe the influence of weather factors towards dengue outbreak
in Selangor

iv) To demonstrate the effect of population density of dengue spread

v) To present a regression model that encapsulates all important
variables related to dengue outbreak

1.7 Scope of study

This study is done in Selangor, and communities living in hotspot and non-
hotspot areas were involved in this study. Apart from investigating human and
socioeconomic factors, this study also inspects other factors related to dengue:
environmental conditions of hotspot and non-hotspot areas of dengue, monthly-
yearly weather, and population density compared to dengue date obtained from
Selangor State Department of Health, as illustrated in Figure 1.1. The focus of
this study is to examine thoroughly which factors contribute the most to dengue
outbreak and transmission in Selangor, Malaysia, thus suggesting the best
probable solution to combat the outbreak. This study is relevant to be applied to
other states in Malaysia and other areas in the world with similar population
density and climate type.



Co-
& morbidities

Knowledge,
attitude,

practice

Population
distribution |

Reproduction
rate

Figure 1.1: The relationship between dengue outbreak and transmission
with human, environmental, and population factor

Rainfall
distribution

‘Sanitation &
waste
disposal




REFERENCES

Abdullah, Y. A., Kuek, J. N., Hamdan, H., & Zulkifli, L. M. (2017). Combating
squatters in Malaysia: Do we have dequate policies as instrument?
Planning Malaysia, 15(6), 25-36.
https://doi.org/10.21837/pmjournal.v16.i6.263

Akter, R., Hu, W., Gatton, M., Bambrick, H., Naish, S., & Tong, S. (2020).
Different responses of dengue to weather variability across climate zones
in Queensland, Australia. Environmental Research, 184(January).
https://doi.org/10.1016/j.envres.2020.109222

Alobuia, W. M., Missikpode, C., Aung, M., & Jolly, P. E. (2015). Knowledge,
Attitude, and Practices Regarding Vector-borne Diseases in Western
Jamaica. Annals of Global Health, 81(5), 654-663.
https://doi.org/10.1016/j.a0ogh.2015.08.013

Altassan, K. K., Morin, C., Shocket, M. S., Ebi, K., & Hess, J. (2019). Dengue
fever in Saudi Arabia: A review of environmental and population factors
impacting emergence and spread. Travel Medicine and Infectious Disease,
30(November 2018), 46-53. https://doi.org/10.1016/j.tmaid.2019.04.006

Arief, M., Hassali, M. A. A., Saleem, F., Khan, M. U., Ahmad, A., Bhagavathulha,
A. S., & Jamshed, S. Q. (2017). A Cross-sectional Survey on the
Knowledge and Attitudes towards Zika Virus and its Prevention among
Residents of Selangor, Malaysia. Journal of Pharmacy Practice and
Community Medicine, 3(2), 81-89.
https://doi.org/10.5530/jppcm.2017.2.20

Cabrera, M., & Taylor, G. (2019). Modelling spatio-temporal data of dengue fever
using generalized additive mixed models. Spatial and Spatio-Temporal
Epidemiology, 28(2019), 1-13. https://doi.org/10.1016/j.sste.2018.11.006

Chan, H. B. Y., How, C. H., & Ng, C. W. M. (2017). Definitive tests for dengue
fever: When and which should | use? Singapore Medical Journal, 58(11),
632-635. https://doi.org/10.11622/smedj.2017100

Charan, J., Saxena, D., Goyal, J., & Yasobant, S. (2016). Efficacy and safety of
Carica papaya leaf extract in the dengue: A systematic review and meta-
analysis. International Journal of Applied and Basic Medical Research,
6(4), 249. https://doi.org/10.4103/2229-516x.192596

Chee Dhang, C., Benjamin, S., Masri Saranum, M., Yee Fook, C., Han Lim, L.,
Wasi Ahmad, N., & Sofian-Azirun, M. (2005). Dengue vector surveillance
in urban residential and settlement areas in Selangor, Malaysia. Tropical
Biomedicine, 22(1), 39-43.
http://eprints.um.edu.my/5790/1/Dengue_vector_surveillance_in_urban_r
esidential_and_settlement_areas_in_Selangor%2C_Malaysia.pdf

Chen, T. H. K, Chen, V. Y. J., & Wen, T. H. (2018). Reuvisiting the role of rainfall
variability and its interactive effects with the built environment in urban

115



dengue outbreaks. Applied Geography, 101(1), 14-22.
https://doi.org/10.1016/j.apge0g.2018.10.005

Clark, B. M., Molton, J. S., Habib, T., Williams, D. T., Weston, E. L., & Smith, D.
W. (2012). Dengue virus infection in Australia following occupational
exposure: A reflection of increasing numbers of imported cases. Journal of
Clinical Virology, 54(4), 376—377. https://doi.org/10.1016/j.jcv.2012.04.012

Daskivich, T., Luu, M., Noah, B., Fuller, G., Anger, J., & Spiegel, B. (2018).
Differences in online consumer ratings of health care providers across
medical, surgical, and allied health specialties: Observational study of
212,933 providers. Journal of Medical Internet Research, 20(5), 29-36.
https://doi.org/10.2196/jmir.9160

Degallier, N., Favier, C., Menkes, C., Lengaigne, M., Ramalho, W. M., Souza,
R., Servain, J., & Boulanger, J. P. (2010). Toward an early warning system
for dengue prevention: Modeling climate impact on dengue transmission.
Climatic Change, 98(3), 581-592. https://doi.org/10.1007/s10584-009-
9747-3

Descloux, E., Mangeas, M., Menkes, C. E., Lengaigne, M., Leroy, A., Tehei, T.,
Guillaumot, L., Teurlai, M., Gourinat, A. C., Benzler, J., Pfannstiel, A.,
Grangeon, J. P., Degallier, N., & de Lamballerie, X. (2012). Climate-based
models for understanding and forecasting dengue epidemics. PL0S
Neglected Tropical Diseases, 6(2).
https://doi.org/10.1371/journal.pntd.0001470

Dickin, S. K., Schuster-Wallace, C. J., & Elliott, S. J. (2014). Mosquitoes and
vulnerable spaces: Mapping local knowledge of sites for dengue control in
Seremban and Putrajaya Malaysia. Applied Geography, 46(2014), 71-79.
https://doi.org/10.1016/j.apge0g.2013.11.003

Dom, N. C., Ahmad, A. H., Ishak, A. R., & Ismalil, R. (2013). Assessing the Risk
of Dengue Fever based on the Epidemiological, Environmental and
Entomological Variables. Procedia - Social and Behavioral Sciences, 105,
183-194. https://doi.org/10.1016/j.sbspro.2013.11.019

Dom, N. C., Alhothily, I. A., Camalxaman, S. N., & Ismail, S. N. S. (2020). Data
on biology and demographic parameters of the Aedes albopictus from
dengue outbreaks in Klang Valley, Malaysia. Data in Brief, 31, 105882.
https://doi.org/10.1016/j.dib.2020.105882

Esteva, L., & Vargas, C. (1999). A model for dengue disease with variable human
population. Journal of Mathematical Biology, 38(3), 220-240.
https://doi.org/10.1007/s002850050147

Fakhruddin, M., Putra, P. S., Wijaya, K. P., Sopaheluwakan, A., Satyaningsih,
R., Komalasari, K. E., Mamenun, Sumiati, Indratno, S. W., Nuraini, N.,
Gotz, T., & Soewono, E. (2019). Assessing the interplay between dengue
incidence and weather in Jakarta via a clustering integrated multiple
regression model. Ecological Complexity, 39(May).
https://doi.org/10.1016/j.ecocom.2019.100768

116



Guerrero-Lillo, L., Medrano-Diaz, J., Pérez, C., Chacén, R., Silva-Urra, J., &
Rodriguez-Morales, A. J. (2009). Knowledge, attitudes, and practices
evaluation about travel medicine in international travelers and medical
students in Chile. Journal of Travel Medicine, 16(1), 60-63.
https://doi.org/10.1111/j.1708-8305.2008.00263.x

Guo, C., Zhou, Z., Wen, Z., Liu, Y., Zeng, C., Xiao, D., Ou, M., Han, Y., Huang,
S., Liu, D., Ye, X., Zou, X., Wu, J., Wang, H., Zeng, E. Y., Jing, C., & Yang,
G. (2017). Global epidemiology of dengue outbreaks in 1990-2015: A
systematic review and meta-analysis. Frontiers in Cellular and Infection
Microbiology, 7(JUL), 1-11. https://doi.org/10.3389/fcimb.2017.00317

Guo, X. X,, Li, C. X., Zhang, Y. M., Xing, D., Dong, Y. De, Zhang, H. D., Qin, C.
F., & Zhao, T. Y. (2016). Vector competence of Aedes albopictus and
Aedes aegypti (Diptera: Culicidae) for the DEN2-FJ10 and DEN2-FJ11
strains of the dengue 2 virus in Fujian, China. Acta Tropica, 161, 86—-90.
https://doi.org/10.1016/j.actatropica.2016.05.018

Gutiérrez-Bugallo, G., Rodriguez-Roche, R., Diaz, G., Vazquez, A. A., Alvarez,
M., Rodriguez, M., Bisset, J. A., & Guzman, M. G. (2017). First record of
natural vertical transmission of dengue virus in Aedes aegypti from Cuba.
Acta Tropica, 174(July), 146-148.
https://doi.org/10.1016/j.actatropica.2017.07.012

Hales, S., De Wet, N., Maindonald, J., & Woodward, A. (2002). Potential effect
of population and climate changes on global distribution of dengue fever:
An empirical model. Lancet, 360(9336), 830-834.
https://doi.org/10.1016/S0140-6736(02)09964-6

Hasnan, A., Dom, N. C., Rosly, H., & Tiong, C. S. (2016). Quantifying the
Distribution and Abundance of Aedes Mosquitoes in Dengue Risk Areas in
Shah Alam, Selangor. Procedia - Social and Behavioral Sciences, 234,
154-163. https://doi.org/10.1016/j.sbspro.2016.10.230

Heydari, N., Larsen, D. A., Neira, M., Ayala, E. B., Fernandez, P., Adrian, J.,
Rochford, R., & Stewart-lbarra, A. M. (2017). Household dengue
prevention interventions, expenditures, and barriers to Aedes aegypti
control in Machala, Ecuador. International Journal of Environmental
Research and Public Health, 14(2), 1-15.
https://doi.org/10.3390/ijerph14020196

Ho, T. S., Huang, M. C., Wang, S. M., Hsu, H. C., & Liu, C. C. (2013). Knowledge,
attitude, and practice of dengue disease among healthcare professionals
in southern Taiwan. Journal of the Formosan Medical Association, 112(1),
18-23. https://doi.org/10.1016/j.jfma.2012.11.004

Isa, A., Loke, Y. K., Smith, J. R., Papageorgiou, A., & Hunter, P. R. (2013).
Mediational Effects of Self-Efficacy Dimensions in the Relationship
between Knowledge of Dengue and Dengue Preventive Behaviour with
Respect to Control of Dengue Outbreaks: A Structural Equation Model of a
Cross-Sectional Survey. PL0S Neglected Tropical Diseases, 7(9).
https://doi.org/10.1371/journal.pntd.0002401

117



Jayaraj, V. J., Avoi, R., Gopalakrishnan, N., Raja, D. B., & Umasa, Y. (2019a).
Developing a dengue prediction model based on climate in Tawau,
Malaysia. Acta Tropica, 197(June), 105055.
https://doi.org/10.1016/j.actatropica.2019.105055

Jayaraj, V. J., Avoi, R., Gopalakrishnan, N., Raja, D. B., & Umasa, Y. (2019b).
Developing a dengue prediction model based on climate in Tawau,
Malaysia. Acta Tropica, 197(February), 105055.
https://doi.org/10.1016/j.actatropica.2019.105055

Jeelani, S., Sabesan, S., & Subramanian, S. (2015). Community knowledge,
awareness and preventive practices regarding dengue fever in Puducherry
- South India. Public Health, 129(6), 790-796.
https://doi.org/10.1016/j.puhe.2015.02.026

Khormi, H. M., & Kumar, L. (2011). Modeling dengue fever risk based on
socioeconomic parameters, nationality and age groups: GIS and remote
sensing based case study. Science of the Total Environment, 409(22),
4713-4719. https://doi.org/10.1016/j.scitotenv.2011.08.028

Kim Lien, P. T., Duoc, V. T., Gavotte, L., Cornillot, E., Nga, P. T., Briant, L.,
Frutos, R., & Duong, T. N. (2015). Role of Aedes aegypti and Aedes
albopictus during the 2011 dengue fever epidemics in Hanoi, Vietnam.
Asian Pacific Journal of Tropical Medicine, 8(7), 543-548.
https://doi.org/10.1016/j.apjtm.2015.06.009

Kobayashi, M., Komagata, O., Yonejima, M., Maekawa, Y., Hirabayashi, K.,
Hayashi, T., Nihei, N., Yoshida, M., Tsuda, Y., & Sawabe, K. (2014).
Retrospective search for dengue vector mosquito Aedes albopictus in
areas visited by a German traveler who contracted dengue in Japan.
International  Journal of Infectious Diseases, 26, 135-137.
https://doi.org/10.1016/}.ijid.2014.06.005

LaValley, M. P. (2008). Logistic regression. Circulation, 117(18), 2395—-2399.
https://doi.org/10.1161/CIRCULATIONAHA.106.682658

Li, C., Wang, X., Wu, X., Liu, J., Ji, D., & Du, J. (2017). Modeling and projection
of dengue fever cases in Guangzhou based on variation of weather factors.
Science of the Total Environment, 605-606(19), 867-873.
https://doi.org/10.1016/j.scitotenv.2017.06.181

Li, Q., Cao, W., Ren, H., Ji, Z., & Jiang, H. (2018). Spatiotemporal responses of
dengue fever transmission to the road network in an urban area. Acta
Tropica, 183(March), 8-13.
https://doi.org/10.1016/j.actatropica.2018.03.026

Li, Y., Dou, Q., Lu, Y., Xiang, H., Yu, X., & Liu, S. (2020). Effects of ambient
temperature and precipitation on the risk of dengue fever: A systematic
review and updated meta-analysis. Environmental Research, 191(May),
110043. https://doi.org/10.1016/j.envres.2020.110043

Lindbéack, H., Lindback, J., Tegnell, A., Janzon, R., Vene, S., & Ekdahl, K. (2003).

118



Dengue fever in travelers to the tropics, 1998 and 1999. Emerging
Infectious Diseases, 9(4), 438-442.
https://doi.org/10.3201/eid0904.020267

Liu-Helmersson, J., Quam, M., Wilder-Smith, A., Stenlund, H., Ebi, K., Massad,
E., & Rockldv, J. (2016). Climate Change and Aedes Vectors: 21st Century
Projections for Dengue Transmission in Europe. EBioMedicine, 7, 267—
277. https://doi.org/10.1016/j.ebiom.2016.03.046

Madzlan, F., Dom, N. C., Tiong, C. S., & Zakaria, N. (2016). Breeding
Characteristics of Aedes Mosquitoes in Dengue Risk Area. Procedia -
Social and Behavioral Sciences, 234, 164-172.
https://doi.org/10.1016/j.sbspro.2016.10.231

Malavige, G. N., Fernando, S., Fernando, D. J., & Seneviratne, S. L. (2004).
Dengue viral infections. Postgraduate Medical Journal, 80(948), 588-601.
https://doi.org/10.1136/pgm;j.2004.019638

Mary L. McHugh. (2009). The odds ratio: calculation, usage, and interpretation.
Biochemia Medica, 19(2), 120-126.

Mohammad Nasir, A., Wan Nor Hazimah, W. A., Mohd Fauzi, M. H., & Muhamad
Addin, B. (2013). Reliability and Construct Validity of Knowledge, Attitude
and Practice on Dengue Fever Prevention Questionnaire. American
International Journal of Contemporary Research, 3(5), 69-75.

Mohan, A. R. M., & Chadee, D. D. (2011). Knowledge, attitudes and practices of
Trinidadian households regarding leptospirosis and related matters.
International Health, 3(2), 131-137.
https://doi.org/10.1016/j.inhe.2011.03.002

Mohd-Zaki, A. H., Brett, J., Ismail, E., & L’Azou, M. (2014). Epidemiology of
Dengue Disease in Malaysia (2000-2012): A Systematic Literature
Review. PLoS Neglected Tropical Diseases, 8(11), 1-9.
https://doi.org/10.1371/journal.pntd.0003159

Moro, M. L., Gagliotti, C., Silvi, G., Angelini, R., Sambri, V., Rezza, G.,
Massimiliani, E., Mattivi, A., Grilli, E., Finarelli, A. C., Angelini, P., & Macini,
P. (2010). Knowledge, attitudes and practices survey after an outbreak of
chikungunya infections. International Health, 2(3), 223-227.
https://doi.org/10.1016/j.inhe.2010.07.003

Mulligan, K., Elliott, S. J., & Schuster-Wallace, C. (2012). The place of health
and the health of place: Dengue fever and urban governance in Putrajaya,
Malaysia. Health and Place, 18(3), 613-620.
https://doi.org/10.1016/j.healthplace.2012.01.001

Ong, S. Q. (2016). Dengue vector control in Malaysia: A review for current and
alternative strategies. Sains Malaysiana, 45(5), 777—785.

Panagos, A., Lacy, E. R., Gubler, D. J., & Macpherson, C. N. L. (2005). Dengue
in Grenada. Revista Panamericana de Salud Publica/Pan American

119



Journal of Public Health, 17(4), 225-229. https://doi.org/10.1590/S1020-
49892005000400002

Pang, J., Hildon, Z. J. L., Thein, T. L., Jin, J., & Leo, Y. S. (2017). Assessing
changes in knowledge, attitude and practices on dengue diagnosis and
management among primary care physicians after the largest dengue
epidemic in Singapore. BMC Infectious Diseases, 17(1), 1-10.
https://doi.org/10.1186/s12879-017-2525-3

Peng, C. Y. J, Lee, K. L., & Ingersoll, G. M. (2002). An introduction to logistic
regression analysis and reporting. Journal of Educational Research, 96(1),
3-14. https://doi.org/10.1080/00220670209598786

Pérez, A. S., De Arazoza Rodriguez, H., Sanchez, T. N., Barrios, J., & Severo,
A. M. (2009). A theoretical model for the dengue epidemic using delayed
differential equations: Numerical approaches. Lecture Notes in Computer
Science (Including Subseries Lecture Notes in Artificial Intelligence and
Lecture Notes in Bioinformatics), 5517 LNCS(PART 1), 893-900.
https://doi.org/10.1007/978-3-642-02478-8_112

Rose, N. H., Sylla, M., Badolo, A., Lutomiah, J., Ayala, D., Aribodor, O. B., Ibe,
N., Akorli, J., Otoo, S., Mutebi, J. P., Kriete, A. L., Ewing, E. G., Sang, R.,
Gloria-Soria, A., Powell, J. R., Baker, R. E., White, B. J., Crawford, J. E., &
McBride, C. S. (2020). Climate and Urbanization Drive Mosquito
Preference for Humans. Current Biology, 1-10.
https://doi.org/10.1016/j.cub.2020.06.092

Sarfraz, M. S., Tripathi, N. K., Tipdecho, T., Thongbu, T., Kerdthong, P., &
Souris, M. (2012). Analyzing the spatio-temporal relationship between
dengue vector larval density and land-use using factor analysis and spatial
ring mapping. BMC Public Health, 12(1), 1-19.
https://doi.org/10.1186/1471-2458-12-853

Sayavong, C., Chompikul, J., Wongsawass, S., & Rattanapan, C. (2015).
Knowledge, attitudes and preventive behaviors related to dengue vector
breeding control measures among adults in communities of Vientiane,
capital of the Lao PDR. Journal of Infection and Public Health, 8(5), 466—
473. https://doi.org/10.1016/j.jiph.2015.03.005

Shueb, R. H., Jusoh, S. K., Zakaria, Z., Haridan, U. S., Sim, B. L. H., Zaid, M.,
Mustaffa, N., Mustafa, M., Nik ‘Yusoff, N. K., Lee, C. K. C., AbuBakar, S.,
& Hoh, B. P. (2016). The identification of copy number variation of CD209
(DCSIGN) gene among dengue patients from peninsular Malaysia. Meta
Gene, 10, 73-76. https://doi.org/10.1016/j.mgene.2016.10.003

Stoler, J., Brodine, Bromfield, Weeks, & Scarlett. (2011). Exploring the
relationships between dengue fever knowledge and Aedes aegypti
breeding in St Catherine Parish, Jamaica: a pilot of enhanced low-cost
surveillance. Research and Reports in Tropical Medicine, 93.
https://doi.org/10.2147/rrtm.s20571

Teng, T. B. (2001). New Initiatives in Dengue Control in Singapore Aedes control

120



strategies New tools used for Aedes control operations. Dengue Bulletin,
25, 1-6.

Toledo, M. E., Vanlerberghe, V., Baly, A., Ceballos, E., Valdes, L., Searret, M.,
Boelaert, M., & Van der Stuyft, P. (2007). Towards active community
participation in dengue vector control: results from action research in
Santiago de Cuba, Cuba. Transactions of the Royal Society of Tropical
Medicine and Hygiene, 101(1), 56—63.
https://doi.org/10.1016/j.trstmh.2006.03.006

Wan Rozita, W., Yap, B., Veronica, S., Muhammad, A., Lim, K., & Sumarni, M.
(2006). Knowledge, Attitude and Practice (KAP) survey on dengue fever in
urban Malay residential area in Kuala Lumpur. In Malaysian Journal of
Public Health Medicine (Vol. 6, Issue 2, pp. 62-67).

Wang, S. M., & Sekaran, S. D. (2010). Early diagnosis of dengue infection using
a commercial dengue duo rapid test kit for the detection of NS1, IGM, and
IGG. American Journal of Tropical Medicine and Hygiene, 83(3), 690-695.
https://doi.org/10.4269/ajtmh.2010.10-0117

Wilke, A. B. B., Beier, J. C., & Benelli, G. (2019). Complexity of the relationship
between global warming and urbanization — an obscure future for predicting
increases in vector-borne infectious diseases. Current Opinion in Insect
Science, 35(June), 1-9. https://doi.org/10.1016/j.c0is.2019.06.002

Xiao, J., Liu, T., Lin, H., Zhu, G., Zeng, W., Li, X., Zhang, B., Song, T., Deng, A.,
Zhang, M., Zhong, H., Lin, S., Rutherford, S., Meng, X., Zhang, Y., & Ma,
W. (2018). Weather variables and the El Nifio Southern Oscillation may
drive the epidemics of dengue in Guangdong Province, China. Science of
the Total Environment, 624, 926-934.
https://doi.org/10.1016/j.scitotenv.2017.12.200

Xu, Z., Bambrick, H., Yakob, L., Devine, G., Frentiu, F. D., Marina, R.,
Dhewantara, P. W., Nusa, R., Sasmono, R. T., & Hu, W. (2019). Using
dengue epidemics and local weather in Bali, Indonesia to predict imported
dengue in Australia. Environmental Research, 175(February), 213—-220.
https://doi.org/10.1016/j.envres.2019.05.021

Yang, C. F., Hou, J. N., Chen, T. H., & Chen, W. J. (2014). Discriminable roles
of Aedes aegypti and Aedes albopictus in establishment of dengue
outbreaks in Taiwan. Acta Tropica, 130(1), 17-23.
https://doi.org/10.1016/j.actatropica.2013.10.013

Zhu, M., & Xu, Y. (2019). A time-periodic dengue fever model in a heterogeneous

environment. Mathematics and Computers in Simulation, 155(11501494),
115-129. https://doi.org/10.1016/j.matcom.2017.12.008

121



BIODATA OF STUDENT

Nurul Akmar binti Ghani was born on 15t November 1985. She got her primary
and secondary education in Terengganu and Kelantan. She obtained her
Bachelor of Science (Genetics & Biotechnology) from University of Melbourne,
Australia and graduated her Master of Medical Statistic from Universiti Sains
Malaysia. She worked temporarily as Research Officer in Clinical Research
Centre, Hospital Sultanah Nur Zahirah, Terengganu before pursuing her PhD in
Universiti Putra Malaysia, Selangor to complete her academic education.

137



LIST OF PUBLICATIONS

Nurul Akmar, G., Shamarina, S., Kah-Wei, A. H., Hui-Yee, C., Emmanuel, O. &
Lamidi Sarumoh, A. A. (2019). Comparison of Knowledge, Attitude, and
Practice among Communities Living in Hotspot and Non-Hotspot Areas
of Dengue in Selangor, Malaysia. Tropical Medicine and Infectious
Disease, Dis. 2019, 4, 37. https://doi:10.3390/tropicalmed4010037

Nurul Akmar, G., Shamarina, S., Kah-Wei, A. H., Hui-Yee, C., Emmanuel, O. &
Lamidi Sarumoh, A. A. (2018). The Comparison of Environmental
Conditions between Hotspot and Non-Hotspot Areas of Dengue
Outbreak in Selangor, Malaysia. International Journal of Science and
Healthcare Research. Vol. 3 (4), 197-201.

138


https://doi:10.3390/tropicalmed4010037

o

UNIVERSITI PUTRA MALAYSIA
STATUS CONFIRMATION FOR THESIS / PROJECT REPORT AND COPYRIGHT
ACADEMIC SESSION : Second Semester 2020/2021

TITLE OF THESIS / PROJECT REPORT :

DETERMINING DENGUE RISK FACTORS IN SELANGOR, MALAYSIA USING
REGRESSION APPROACH

NAME OF STUDENT: NURUL AKMAR BINTI GHANI

| acknowledge that the copyright and other intellectual property in the thesis/project report
belonged to Universiti Putra Malaysia and | agree to allow this thesis/project report to be
placed at the library under the following terms:

1. This thesis/project report is the property of Universiti Putra Malaysia.

2. The library of Universiti Putra Malaysia has the right to make copies for educational
purposes only.

3 ﬁe library of Universiti Putra Malaysia is allowed to make copies of this thesis for academic
exchange.

| declare that this thesis is classified as :

*Please tick (V)

CONFIDENTIAL (Contain confidential information under Official Secret
Act 1972).
RESTRICTED (Contains restricted information as specified by the

organization/institution where research was done).

OPEN ACCESS | agree that my thesis/project report to be published
as hard copy or online open access.

D00

This thesis is submitted for :

- PATENT Embargo from until
(date) (date)

i

Approved by:

(Signature of Student) {Signature of Chairman of Supervisory Committee)
New IC No/ Passport No.: Name:
Date : Date :

[Note : If the thesis is CONFIDENTIAL or RESTRICTED, please attach with the letter from the
organization/institution with period and reasons for confidentially or restricted. ]





