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Abstract 

Dengue fever (DF), the world’s fastest spreading mosquito-borne viral disease 

that causes approximately 390 million cases per year and puts an estimated 3.9 billion 

people at risk in 128 countries. It was first recognized during a dengue epidemic in 

the Philippines in 1950, and ever since, it has been a substantial and major public 

health burden. Although numerous studies have been investigating its continuous 

prevalence, there are still many aspects of its epidemiology that remain unknown and 

need to be studied. This dissertation presents how improving knowledge (symptoms, 

management, prevention), attitude (susceptibility, severity and risk) and practices 

(preventive measures against DF) or KAP may reduce the risk for DF. DF which has 

been known to present physical symptoms among patients, has also been reported 

recently to be neurovirulent which means that they also experience psychological 

(high levels of depressive and anxiety) symptoms during the infection. Thus, the 

researches in this dissertation aimed to: a. assess and compare the KAP, identify its 

predictors, correlation, and protective factors among patients with DF; b. estimate the 

prevalence and predictors of depressive and anxiety symptoms among patients with 

DF, and; c. develop and assess Mozzify, an integrated mHealth app for DF case 

surveillance and KAP-based health communication and behavior modification 

systems. 

In the first chapter, I have introduced the burden of DF by describing its 

prevalence worldwide and in the Philippines, where DF is endemic. The second 

chapter introduces the DF symptoms and phases and presented the previous studies 
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done and the gaps in relation to the topics in focus: knowledge, attitude and practices, 

depressive and anxiety symptoms and mHealth application development. 

The third chapter explains in detail the study done in estimating the levels of 

knowledge, attitude and practices among patients with DF. In spite of many health 

programs enacted by the government to control vector mosquitoes and manage DF 

infection, there is still an increase in the incidence of DF. Community-based studies 

have been done to assess the KAP of different communities in other countries. 

However, most of them have included only community-based samples and 

investigation on samples with clinical or serologically-confirmed DF diagnosis 

remains inadequate. KAP of in-patients with DF through hospital-based surveillance 

has not been done. First, I assessed and compared the KAP, identified its predictors, 

correlation, and protective factors among 233 pediatric and 17 adult patients with DF 

(clinically or serologically confirmed DF diagnosis) patients and community-based 

controls in Metro Manila, Philippines using a pretested structured KAP questionnaire. 

I found out that pediatric and adult patients had significantly lower mean scores in the 

practice (p < 0.001) domain compared with the pediatric and adult controls. Being in 

senior high school, having had days in hospital, and rash were predictors of KAP 

among pediatric patients. Knowledge and attitude of patients with DF did not correlate 

with their practices against DF. Use of mosquito-eating fish, screen windows, and 

dengue vaccine were protective factors against DF. The study highlights the 

importance of behavioral change for knowledge and attitude to have significant effect 

to practices against DF. Thus, I recommend two comprehensive health programs, 
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Communication for Behavioral Impact (COMBI) and Health Belief Model (HBM). 

The fourth chapter describes the study done to investigate the psychological 

symptoms among the pediatric patients with DF. Recently, the number of studies 

reporting DF virus to be neurovirulent has increased, associating it with neurological 

complications in patients with DF. Depression and anxiety have been investigated in 

children with chronic conditions like cancer, and HIV, yet information among 

pediatric patients with DF remain inadequate. Thus, this second study aimed to 

estimate the prevalence, explore the predictors and identify the symptoms of 

depressive and anxiety symptoms among 225 pediatric in-patients with clinical or 

serologic-confirmed DF and compare it with that among 260 healthy school-based 

controls, using the Revised Child Anxiety and Depression Scale (RCADS). The 

prevalence of depressive (13.3%) and anxiety (34.2%) symptoms among pediatric 

patients with DF was significantly (p < 0.001) higher than that among controls (3.5% 

and 16.2%, respectively). Multiple linear regression analysis found that age, family 

history of DF, ≤2 days of hospitalization, myalgia and arthralgia were predictors of 

increased depressive and anxiety symptoms among the patients. Further, 26.7% of the 

patients reported irritability, agitation, visual hallucinations and aggressiveness. 

Therefore, this study concluded that pediatric patients present depressive and anxiety 

symptoms; which levels were associated with social and clinical factors. However, 

whether these symptoms are present only during the infection or may still persist after 

recovery, or are brought by children’s adverse reactions to hospitalization are 

unknown.  
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The development and assessment of Mozzify, an integrated mHealth app for 

DF case surveillance, health communication and behavior modification were 

described in chapter five. For the last 10 years, mobile phones have provided the 

global health community with innovative and cost-effective strategies to address the 

challenges in the prevention and management of DF. Mobile health (mHealth) is a 

concept that uses mobile communication devices, such as mobile phones, to deliver 

services through mobile apps. Apps are specialized software programs that are often 

equipped with the capability to link to internet sources and services, including health 

care providers. However, there is a lack of apps that address the prevention and control 

of DF with relevant studies and to lessen the risk for acquiring DF and its 

psychological complications. Thus, this third study aimed to develop an integrated 

mHealth app for DF cases reporting and mapping, health communication, and 

behavior modification. I also assessed it in terms of engagement and information-

sharing abilities, functionality, aesthetics, subjective quality, and perceived impact 

among the participants. It was developed for the iOS mobile phone platform using 

Xcode (versions 10.1 to 11.0) software in Swift (versions 4.2 to 5) programming 

language. Mozzify has three components: (1) real-time dengue fever cases reporting 

and mapping, (2) health communication, and (3) behavior modification. These 

components were matched to three main goals: (1) increase awareness, improve 

knowledge, and change attitude about dengue fever; (2) increase health care-seeking 

behavior; and (3) increase intention-to-change behavior on preventive practices 

against dengue fever. I tested it among purposively sampled public health experts 
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(n=5), environment and health-related researchers (n=23), and (3) nonclinical users 

(n=22) using the Mobile Application Rating Scale (MARS). High acceptability and 

excellent satisfaction ratings (mean scores ≥4.0 out of 5) based on the MARS 

subscales indicate that the app has excellent user design, functionality, usability, 

engagement, and information among the participants. The app’s subjective quality 

(recommending the app to other people and the app’s overall star rating), and specific 

quality (increase awareness, improve knowledge, and change attitude about DF; health 

care-seeking behavior; and intention-to-change behavior on preventive practices for 

DF) also obtained excellent satisfaction ratings from the participants. Some issues and 

suggestions were raised during the focus group and individual discussions regarding 

the availability of the app for Android devices, language options limitations, provision 

of predictive surveillance, and inclusion of other mosquito-borne diseases. It may be 

a promising integrated strategic health intervention system for reporting and mapping 

DF cases, increasing awareness, improving knowledge, changing attitude about DF, 

and disseminating and sharing information on DF successfully translating knowledge 

to practice. 

The sixth chapter presents the testing and assessment of the Mozzify app in 

Metro Manila, Philippines which had recently declared a national DF epidemic. Yet, 

to my knowledge, there is no available integrated mhealth app for DF that includes all 

the appropriate surveillance methods in early detection of disease outbreaks in the 

country. This fourth study aimed to test and assess the Mozzify app in terms of the 

MARS subscales and conduct individual interviews and focus group discussions 
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among 979 participants (health experts n = 94; general public n = 885). Results 

indicate high participation rate and Mozzify also had high acceptance rate among the 

participants as indicated by the high mean score ratings (>4 out of 5) MARS’ app 

quality, subjective and specific scales, with the highest mean score ratings in 

information and functionality subscales, recommending app to others, and improving 

knowledge and awareness regarding DF and help-seeking items. Mean difference 

analyses revealed that total app mean score ratings were the same across ages, income 

categories, DF history and gender (but not among general public) among the 

participants. Content analyses of the topics discussed in the individual interviews and 

focus group discussions revealed eight major themes: positive comments regarding 

the app’s concept, design, information and features; suggestions on adding features 

like multi-language options and including other diseases; Android version 

availability; improvements on the app’s content, design and engagement; inclusion of 

users from low-income and rural areas; Wi-Fi connection and app size concerns, and; 

data credibility, and user security and privacy issues.  

The last chapter presents the conclusions of all the studies conducted which 

can be summarized as: Mozzify can help improve the KAP of people and reduce the 

risk for DF, thus reducing the risk for its psychological symptoms.  

 

 
 



1 
 

CHAPTER 1 

Introduction 

To date, there is no known cure for dengue fever (DF), the world’s fastest spreading 

mosquito-borne viral disease transmitted mainly by female Aedes aegypti mosquitoes. It 

causes approximately 390 million cases per year and puts an estimated 3.9 billion people at 

risk in 128 countries [1–3]. Its incidence has increased by 30 times in the last five decades 

[4]. DF presents flu-like symptoms that include high-grade fever accompanied by headache, 

myalgia and arthralgia, nausea and vomiting, intense abdominal pain, rash, retro-/peri-orbital 

pain, bleeding, and low platelet count (thrombocytopenia), which can lead to acute organ 

failure, cardiomyopathy, encephalitis, profound shock, and death [1]. 

In 1953, the first dengue hemorrhagic fever (DHF) outbreak was reported in the 

Philippines [2]. The Department of Health (DOH) reported that from 2010 to 2014, there has 

been an average 170,503 symptomatic cases (178 per 10,000 population) and 750 deaths 

(0.44% fatality rate) in the Philippines [5].  Since then, it has been a been a substantial and 

major public health burden causing hospitalization and deaths among children and adults in 

all regions of the country, especially Metro Manila [2]. Metropolitan (Metro) Manila, also 

known as the National Capital Region (NCR), located in the southwestern part of Luzon, is 

the capital region of the Philippines [6]. In 2015, Metro Manila, was one of the three regions 

which had the highest number of dengue fever cases (25,208) according to the Weekly 

Disease Surveillance Report of the Epidemiology Bureau of the Department of Health (DOH) 

[7]. Three years later, in 2018, where majority (13%) of the 216,190 cases were from NCR, 
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which accounted for a 42% increase compared with 2017 (152,224 cases) [8]. Moreover, a 

total of 1,083 deaths were reported last year, of which, 17% were from NCR [8]. 

 This year, approximately 106,630 dengue fever cases and 456 deaths were reported 

in the Philippines from January 1 to June 29 (morbidity week 1 to week 26) which indicates 

an 85% increase in DF cases during the same period in 2018 (57, 564 DF cases) [9]. It was 

found higher than the alert and epidemic thresholds [9]. Thus, the DOH declared a National 

Dengue Alert on 15th July 2019 [10] which was followed by the declaration of a National 

Dengue Epidemic on 6th August 2019 [11]. As of August 17, 2019, the cases and deaths 

continued to rise to 229,736 and 958 respectively, 107% higher than the same period in 2018 

[12]. 

 

1.1. Objectives 

This dissertation presents how improving knowledge (symptoms, management, 

prevention), attitude (susceptibility, severity and risk) and practices (preventive 

measures against DF) or KAP may reduce the risk for DF. DF which has been known 

to present physical symptoms among patients, has also been reported recently to be 

neurovirulent which means that they also experience psychological (high levels of 

depressive and anxiety) symptoms during the infection. Thus, to improve the KAP 

that will reduce the risk for acquiring DF and its psychological symptoms, I developed, 

Mozzify, an integrated mHealth app for DF case surveillance and KAP-based health 

communication and behavior modification systems. 
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Specifically, I sought to: 

1. Assess and compare the KAP of pediatric patients with DF and pediatric controls, 

and adult patients with DF and adult controls.  

a. identify the predictors of KAP domains by socio-demographic    

    profiles, clinical parameters, and symptoms; 

b. analyze the relationship among the KAP domains, and; 

c. identify protective factors against DF.  

2. Estimate the prevalence of depressive and anxiety symptoms among pediatric in-patients  

    with DF and compare it with that among healthy school-based controls.  

a. explore the predictors of these symptoms; and; 

b. identify other self/parent-reported psychiatric manifestations that occur  

    during the infection.  

3. Describe the design and development process of the Mozzify and assess it in terms of 

engagement and information-sharing abilities, functionality, aesthetics, subjective quality, 

and perceived impact. 

a. among public health experts, environment and health-related researchers, 

and nonclinical or general public participants (end users) in Japan.  

b. among health experts and members of the general public in the Philippines. 

 

1.2. Hypotheses 

1. Knowledge, attitude and practices (KAP) regarding DF among pediatric and adult in-

patients and controls: 
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a. pediatric and adult patients with DF would have lower levels of KAP domains than 

the pediatric and adult controls, respectively;   

b. different clinical variables would be significant predictors of KAP among the 

pediatric and adult patients with DF;  

c. patients’ knowledge and attitude on DF would not have a significant positive 

relationship with their practices against DF, compared with that of pediatric and adult 

controls, which would imply that low practice levels exposed the patients to the 

infection. 

2. The case-control study on the depressive and anxiety symptoms among pediatric in-

patients with DF: 

a. the prevalence of depressive or anxiety symptoms among pediatric patients with 

DF would be higher than that among controls; 

b. predictors would include pain-related DF symptoms including headache, myalgia, 

arthralgia, retro-/peri-orbital pain, and abdominal pain suggesting a causal link 

between depressive, anxiety, and other psychiatric symptoms and DF infection; 

3. The development and assessment of Mozzify, an integrated mHealth App for dengue 

reporting and mapping, health communication, and behavior modification: 

a. the participation and acceptance rates (user’s intention to use the app) among the 

participants will be high due to the app’s relevance to the dengue fever control and 

health communication program; 

b. the majority of participants will perceive that users would have increase awareness, 

improve knowledge, change attitude about dengue fever, which will increase health 
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care-seeking behavior and behavior change (on preventive practices against dengue 

fever) through the use of the app; 

4. The testing and assessment of Mozzify, the first integrated mhealth app for dengue fever 

in the Philippines: 

a. participation and acceptance rates (user’s intention to use the app), and app mean 

score ratings among the participants will be high due to the app’s relevance to the 

current dengue fever outbreak;  

b. the total app mean score ratings will be the same across ages, gender, income 

categories, and self and family DF history which indicate that the app is acceptable 

among users of any age group, gender, socioeconomic status, and DF history.  

c. individual interviews and focus group discussions would yield similar results as 

our pilot study;  

d. individual interviews and focus group discussions will produce more 

comprehensive and meaningful results that will reveal the app’s strengths and 

weaknesses in an actual environment and real condition. 
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Chapter 2 

Review of Related Literature  

This chapter presents the literature review of the topics in focus: dengue fever, its 

symptoms and phases; knowledge, attitude, and practices (KAP); depressive and anxiety 

symptoms among patients with DF; and development and assessment of Mozzify, an 

integrated mHealth app for DF. 

 

2.1. Dengue Fever: symptoms and phases 

 A primary characteristic of the target population in our first two studies was a 

confirmed (laboratory) and clinical diagnosis of Dengue infection. Based on the Dengue 

Guidelines for Diagnosis, Treatment, Prevention and Control by the World Health 

Organization (WHO), probable dengue patients are those who live in or travel to dengue 

endemic area, has fever and two (2) of the following criteria: nausea, vomiting, rash, aches 

and pains, Tourniquet test positive, and Leukopenia [1]. Warning signs include abdominal 

pain or tenderness, persistent vomiting, clinical fluid accumulation, mucosal bleed, lethargy, 

restlessness, and liver enlargement >2 cm. On the other hand, laboratory-confirmed dengue 

infection Laboratory tests may include: molecular tests for dengue virus (PCR), antibody 

tests, IgM and IgG; and, Basic metabolic panel (BMP) [1].  

 Figure 2.1 shows that platelet count starts to decrease during the febrile phase and in 

its lowest during the critical phase. Even though fever subsides during the critical phase, 

patients should continue to monitor platelet count till the drop-in count stops. Platelet count 

below 20,000 (median: 30,000/mm3) has higher chances of developing bleeding  
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Figure 2.1. The course of Dengue Illness. From the Dengue Guidelines for Diagnosis, 

Treatment, Prevention and Control by the WHO & the Special Programme for Research and 

Training in Tropical Diseases (TDR) [1]. 

 

complication as seen in dengue hemorrhagic fever. Platelet count reaches the normal during 

recovery phase [1].  

 Acute Phase (Febrile to Critical Phase): During the acute febrile phase, patients 

typically develop high-grade fever suddenly that usually lasts 2–7 days and is often 

accompanied by facial flushing, skin erythema, generalized body ache, myalgia, arthralgia 

and headache and neurological disturbances and febrile seizures in young children. Some 

patients may have sore throat, injected pharynx and conjunctival injection. Anorexia, nausea 
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and vomiting are common. However, distinguishing dengue from non-dengue is difficult due 

to these presentations in the early febrile phase unless a positive tourniquet test is determined 

[1].  

Moreover, the difference between severe and non-severe dengue cases are also 

difficult therefore warning signs and clinical parameters should be monitored to recognize 

progression to the critical phase. Mild hemorrhagic manifestations like petechiae and 

mucosal membrane bleeding (e.g. nose and gums) may be seen and liver is often enlarged 

and tender after a few days of fever. In this phase, there is a progressive decrease in total 

white cell count, which increases probability of dengue. Around the time of defervescence, 

when the temperature drops to 37.5–38o C or less and remains below this level, usually on 

days 3–7 of illness, an increase in capillary permeability in parallel with increasing 

hematocrit levels may occur. This marks the beginning of the critical phase wherein clinically 

significant plasma leakage, severe hemorrhage and organ impairment usually lasts 24–48 

hours [1].  

Recovery Phase: If the patient survives the 24–48-hour critical phase, a gradual 

reabsorption of extravascular compartment fluid takes place in the following 48–72 hours. 

General well-being improves, appetite returns, gastrointestinal symptoms abate, 

hemodynamic status stabilizes and diuresis ensues. Some patients may have a rash of “isles 

of white in the sea of red”, generalized pruritus. Bradycardia and electrocardiographic 

changes are common during this stage. The hematocrit stabilizes or may be lower due to the 

delusional effect of reabsorbed fluid. White blood cell count usually starts to rise soon after 

defervescence but the recovery of platelet count is typically later than that of white blood cell 
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count. During the critical and/or recovery phases, excessive fluid therapy is associated with 

pulmonary edema or congestive heart failure [1]. 

 

2.2. Knowledge, attitude and practices (KAP) 

In spite of many health programs enacted by the government to control vector 

mosquitoes and manage DF infection, there is still an increase in the incidence of DF. 

Because DF epidemiology and ecology are strongly associated with human habits and 

activities [9], assessing knowledge, attitude, and practices (KAP) is deemed necessary, yet, 

at present, to the best of our knowledge, no study has been done to assess the KAP regarding 

DF in Metro Manila. 

Community-based KAP studies have been done to assess the KAP of different 

communities in other countries. However, most of them have included only community-

based samples and investigation on samples with clinical or serologically-confirmed DF 

diagnosis remains inadequate. To our knowledge, only two community-based case-control  

studies have been done. Chen et al. [2] interviewed patients with DF who were randomly 

chosen from a web-based reporting system through telephone interviews, whereas Kenneson 

et al. [3] performed clinical ascertainment and community screening to interview households 

with and without DF infections by identifying acute or recent DF infections. However, these 

studies had limitations in their data collection methods. The first study limited collection to 

individuals and households with telephones, which had only a 50% response and completion 

rate among respondents [2]. The second study collected data among households with acute 

or recent DF infections, suggesting a self-report bias, as members of these households may 



12 
 

have already acquired knowledge and changed their behavior or attitude towards DF during 

their surveillance [3]. Thus, I tried to address these limitations by performing hospital-based 

face-to-face interview surveillance among patients with DF through the use of a 

questionnaire. Although this method has been reported to have good response and acceptance 

rate (99%) and a low refusal rate (1%) among in- and out-patients [4,5], this also allowed us 

to capture patients’ knowledge and attitude and their family’s/household’s practices against 

DF during the onset (acute phase (febrile-critical) of the infection [1]). I assumed that during 

the onset of DF, they had no acquired knowledge on DF nor had they changed their attitude 

or behavior toward DF. Moreover, studying this group will provide important benchmark 

information on identifying and confirming which of the three KAP domains plays a vital role 

in the presence and spread of disease which, in turn, would help structure more targeted and 

proactive community-wide disease prevention and control programs. 

Previous KAP studies have also reported that sociodemographic data such as income, 

employment, education, marital status, religion, sex, age, location, socio-economic status, 

type of residence, and DF history were associated with KAP [6–16]. However, to our 

knowledge, no study has investigated the association between clinical parameters (e.g., 

diagnosis, platelet count), clinical symptoms (e.g., fever, rash, abdominal pain), and KAP. 

Thus, the inclusion of clinical parameters collected during patient hospitalization could give 

us significant clues as to whether particular attributes are associated with the disease [17]. 

Several community-based KAP studies have also investigated the correlation among the 

KAP domains. Harapan et al. [6] reported that good knowledge is positively associated with 

good practice. This is parallels with the report by Alyousefi et al. [18] that poor knowledge 
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on DF has significant positive association with poor preventive practices. However, other 

similar studies had different results. Kumaran et al. [19] and Shuaib et al. [7] reported that 

knowledge on causes, signs, symptoms, mode of transmission, and preventive practices 

against DF are not correlated with the practice of preventive measures against DF. Aside 

from these, two case-control studies reported which preventive practices are protective 

factors against DF. Regression models revealed that removing trash and stagnant water from 

around the residence, using mosquito repellent oils, use of mosquito bed nets, fumigation 

inside the house, and piped water inside the house can reduce the risk and vulnerability to 

DF infection [2,3]. 

 

2.3. Depressive and Anxiety symptoms 

Recently, the number of studies reporting this virus to be neurovirulent has increased 

[20], associating it with neurological complications in patients with DF [21]. The most 

prevalent neurological disorder occurring during DF is encephalopathy [22]. Case study 

reports found that adult patients with DF exhibit delusions with auditory and visual 

hallucinations, agitation and psychotic symptoms and fears, agitation, irritable affect, 

psychosis, mania, and catatonia [23–30]. The link between these symptoms and DF infection 

have been thought to be the result of metabolic disturbances, direct tissue lesion, intercranial 

hemorrhage, cerebral edema and anoxia and hyponatremia [23,27,28]. Among the identified 

encephalopathies, depressive and anxiety symptoms were the most studied among adult 

patients with DF [31–34]. The prevalence of borderline and clinical depression and anxiety 

among adult patients with DF ranges from 60% to 81% [32,33]. During the acute phase, the 
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majority (90%) of patients exhibit thanatophobia or fear of death (90%), and during the 

recovery phase (1 week after onset of DF), more than half (55%) of patients develop fear of 

mosquitoes (55%) [31,34]. Most importantly, the severity of DF symptoms such as fever, 

headache, myalgia, arthralgia, retro-/peri-orbital pain, and thrombocytopenia positively 

correlate with depression and anxiety [32] and increased levels of proinflammatory cytokines 

such as Interleukin 4/6 and tumor necrosis factor (TNF)-alpha, and platelet brain-derived 

neurotrophic factors (BDNF) account for the presence of depressive and anxiety symptoms 

among adult patients with DF [32]. 

Depression and anxiety have been investigated in children with fatigue syndrome, 

fibromyalgia, migraine/tension headache [35], chronic abdominal pain [36], juvenile 

idiopathic arthritis [37], cancer [38], and human immunodeficiency virus (HIV) [39], yet 

information among pediatric patients with DF remains inadequate. One prospective study 

provides information on neurologic manifestations of DF in children. Pancharoen and 

Thisyakorn [40] reported that 80 of 1493 (5.4%) Thai in-patient children (3 months to 14 

years old), who had serologically confirmed DF diagnosis, exhibited seizures and 

encephalopathy-like depressed sensorium and mental confusion during the febrile (acute) 

stage of DF based on recorded medical charts. However, studies that prospectively use a self-

report screening tool to detect depressive and anxiety symptoms [41], which has a high 

acceptance and response rate (99%) and a low refusal rate (1%) among in- and out-patients 

[42], are lacking. To date, the study done by Mushtaq and Zahir [43] is the only known study, 

to our knowledge, that has used a self-report screening tool to measure depression, anxiety, 

and stress among pediatric patients with DF and investigated its relationship with self-
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efficacy. The study used the Depression Anxiety and Stress Scale (DASS) to measure 

depression, anxiety, and stress and the General Self-Efficacy Scale (GSES) to measure self-

efficacy among the participants [43]. They found out that self-efficacy has a negative 

correlation with depression, anxiety, and stress; thus, developing self-efficacy among the 

patients is deemed necessary [43]. Although this study adds to the emerging topics on the 

presence of depressive and anxiety symptoms among pediatric patients with DF, there is still 

a pressing need to conduct more studies to measure the impact of DF infection on the mental 

health of pediatric patients. 

 

2.4. Mozzify: Integrated mHealth App 

For the last 10 years, mobile phones have provided the global health community with 

innovative and cost-effective strategies to address the challenges in the prevention and 

management of dengue fever [44]. Dengue fever, which is considered an international public 

health concern especially in tropical and subtropical countries, puts an estimated 2 to 3.97 

billion people at risk of hospitalization and even death  [1,45]. 

Mobile health (mHealth) is a concept that uses mobile communication devices, such 

as mobile phones, to deliver services through mobile apps [44]. Apps are specialized software 

programs that are often equipped with the capability to link to internet sources and services 

including health care providers [44]. App-enabled mHealth is emerging as the driver for next-

generation telemedicine and telehealth [44]. However, there is a lack of apps that address the 

limitations in the prevention and control of dengue fever with relevant studies. 
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Development and Initial Assessment 

To our knowledge, only one app has been developed with relevant studies, Mo-Buzz. 

It is a mobile pandemic surveillance system for dengue fever with three main components: 

predictive surveillance, civic engagement, and health communication [46,47]. These 

components address the three main limitations in the control and management of dengue 

fever: (1) use of traditional epidemiological methods (eg, failure to identify the “turning point” 

of the outbreak leads to vector control measure such as carpet-combing [“search-and-destroy” 

mosquito breeding sites] near or at the peak of transmission be less impactful [48]), which 

leads to reactive or poor disease monitoring and surveillance; (2) lack of participation from 

the public; and (3) lack of effective and interactive health education for the public, which 

prevents successful translation of awareness or knowledge into actions [46]. 

Although Mo-Buzz was found to play a significant role in the management and 

control of dengue fever, I have developed a different mobile app, Mozzify, which offers an 

integrated mHealth system to address the challenges in dengue fever prevention and 

management. It has three components: real-time surveillance, health communication, and 

behavior modification. The main component which is the real-time surveillance features 

reporting and mapping of dengue fever cases, both laboratory-confirmed hospital and 

probable dengue fever cases, and mosquito bites. Compared with Mo-Buzz, Mozzify reports 

and maps dengue fever cases and mosquito bites in real time rather than predictive 

surveillance, through an online Web map system. There is a lack of spatiotemporal data for 

dengue fever cases; the data from the real-time surveillance will serve as springboard data 

for combined predictive and real-time reporting and mapping features of the app in the future. 
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These will be helpful in identifying dengue fever hotspots (locations with high incidences of 

dengue fever cases) for health officials to deliver prompt and early warning communication, 

as well as awareness to the public who are at risk of contracting the disease. Another 

difference is that Mozzify not only allows reports of probable cases of dengue fever and 

mosquito bites but also allows reporting of laboratory-confirmed dengue fever cases. Kao et 

al [49] recommended the introduction of a holistic surveillance system (eg, clinical, 

serological, and virological) to prevent large-scale epidemics and severe dengue fever cases. 

The study also recommended the use of a geographical information system for spatial 

analysis and epidemic prediction models [49]. 

Another difference of Mozzify from Mo-Buzz is the inclusion of some features in the 

health communication component. I have developed a system that reports real-time 

worldwide news about dengue fever and other mosquito-borne diseases; within-app 

educational videos on the diagnosis, treatment, and management of dengue fever and control 

of vector mosquitoes; links to local and international health agencies websites; and a real-

time timeline chat forum for sharing information among users. These features aim to increase 

the public’s awareness of the signs and symptoms, treatment, and management of dengue 

fever as well as the prevention and control of vector mosquitoes. 

In addition to these features that center on real-time data, two other unique features 

of Mozzify that differentiate it from Mo-Buzz are the signs and symptoms checker and the 

interactive hospital directions. I designed a system that lets users check their signs and 

symptoms of dengue fever and identify the hospitals that have dengue fever express lanes 

and cater to Dengvaxia-vaccinated individuals. The aim is to not only inform users about the 
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signs and symptoms of dengue fever but also motivate their health care-seeking behavior, 

which is based on the health belief model (Figure 2.2). 

The health belief model is a widely used social cognition model to predict health 

behaviors. This model suggests that a change in behavior or action can be expected if a person 

perceives themselves to be at risk or susceptible to the disease (perceived susceptibility), that 

the disease will have serious consequences (perceived severity), a course of action will 

minimize consequences (perceived benefits), and the benefits of action will outweigh the cost 

of barriers (perceived barriers) and self-efficacy [51]. However, barriers to sustained self-

prevention against dengue fever are caused by lack of self-efficacy, lack of perceived benefit, 

and low perceived or unsure susceptibility [52]. People who perceive themselves at risk of  

 
 

 

 

 

 

 

 

 

 

Figure 2.2. The health belief model by Becker (1974; 1988), Janz & Becker (1984) 

[50]. 
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dengue fever visit a health care provider promptly compared with those who perceive the 

opposite [53]. Health care-seeking behavior is also greatly influenced by the inadequacy of 

primary health care facilities in giving adequate services to dengue fever patients [53]. 

More importantly, what makes Mozzify different from Mo-Buzz is the inclusion of 

behavior modification as an important component to address the poor translation of 

awareness or knowledge of the different preventive practices against dengue fever into 

actions. To address this, I added a feature that allows users to choose and add items on the 

list of preventive practices against dengue fever and directly transmit it to the built-in iPhone 

iOS Reminders app to set-up dates and locations of alerts. It has been reported that 

epidemiology is strongly associated with human habits and activities [54]. Kumaran et al [19] 

and Shuaib et al [7] reported that knowledge of the causes, signs, symptoms, mode of 

transmission, and preventive practices against dengue fever is not correlated with the practice 

of preventive measures against dengue fever. Thus, health programs should be designed to 

focus on translating knowledge into better and effective practices against dengue fever 

through behavior change. Many programs continue to focus only on changing people’s 

knowledge or raising awareness rather than physical activity programs, which are more 

successful at producing behavior change [55]. I have used the concept behind 

Communication for Behavioral Impact (COMBI), a comprehensive strategy that uses 

communication for knowledge to have significant effect to behavioral change (making 

people become aware, informed, convinced, and decide to act, then repeating and 

maintaining that action) to increase the practice of preventive measures against dengue fever 

[19,56]. 



20 
 

Testing and Assessment 

Early detection and effective control of epidemics depend on appropriate surveillance 

methods [57]. However, Philippines relies its DF surveillance system on passive surveillance 

method which mainly depends on notifications from barangay/village health centers, 

municipal or city health offices, hospitals and clinics, and quarantine sections [58,59,60]. 

This limits the reports to cases that are clinically diagnosed without laboratory confirmation 

[58] which is only a portion (14.3%) of the dengue cases [58,61]. This leaves those patients 

with undifferentiated febrile illness or viral syndrome underreported, thus, limits our 

capability to predict or control epidemics [62].  

 The main aim of public health surveillance is to monitor dengue transmission 

accurately which will trigger the necessary effective preventive measures and programs to 

prevent occurrence and spread of diseases [62]. Recently, the use of mhealth (mobile health) 

technology, mobile apps specifically, has been gaining prominence as a potential surveillance 

system that meet the need for real-time disease surveillance and timely identification of 

epidemics [57, 63]. Mohanty et al [57] found 26 apps relevant to epidemic surveillance which 

are mostly free of charge and provide real-time tracking and interactive maps. However, they 

also found some limitations: majority are in Android platform only and focus on a single 

disease (mostly influenza), some were country and language-specific and had narrow 

applicability and, only a few are tailored for health professionals [57]. Thus, there is a 

pressing need to develop an app that not addresses these limitations. 

 I have developed Mozzify, a free app that features real-time reporting and mapping 

of dengue cases, comprehensive health communication and evidence-based behavior 
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modification system, tailored for the general public and healthcare professionals. It is an 

integrated mhealth because it combines appropriate surveillance methods in early detection 

of disease outbreaks: indicator-based surveillance (IBS) and event-based surveillance (EBS) 

[57]. It includes healthcare professionals from clinics, hospital and other healthcare facilities 

in reporting laboratory confirmed DF, which is the provision of IBS [57, 64]. Moreover, it 

also uses ArcGIS’ spatial analysis feature to identify DF hotspots, which is also an IBS 

method (sentinel surveillance) [57, 65]. It also includes reporting and mapping of patients 

with probable or suspected (with clinical symptoms) dengue fever through the use of its 

interactive symptoms checker, which is the provision of the syndromic surveillance, also an 

IBS method [57, 64, 66]. Finally, it includes media reports and news, social media 

(timeline/chat forum) and links to websites of international and local health agencies to detect 

and monitor outbreaks which is the provision of event-based surveillance method [57,67].  

 

2.5. Conceptual Framework 

Figure 2.3. shows how improving KAP may reduce the risk for DF. DF which has 

been known to present physical symptoms among patients, has also been reported recently 

to be neurovirulent which means that they also experience psychological (high levels of 

depressive and anxiety) symptoms during the infection. Thus, to improve the KAP that will 

reduce the risk for acquiring DF, and will reduce the risk for its psychological complications, 

I developed, Mozzify, an integrated mHealth app for DF case surveillance and KAP-based 

health communication and behavior modification systems. 
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Figure 2.3. Conceptual framework on the impact of improving KAP, through the use of the 

Mozzify mHealth app, may help reduce the risk for dengue fever thus also reducing the risk 

for its psychological symptoms. 
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2.6. Significance of the Study 

The results of the study on depressive and anxiety symptoms among pediatric patients 

with DF will help healthcare providers to identify the importance of emotional and 

psychological health in providing holistic care for patients with DF. The KAP study will be 

of great help to community health service providers especially on DF information 

dissemination to reduce the risk of high number of DF incidences in their community through 

health communication and behavior modification. The KAP results also served as 

springboard in the development of Mozzify which will help healthcare practitioners and 

experts to identify the different DF hotspots in the Metro Manila, improving awareness and 

knowledge, changing attitude, and improving help-seeking behavior and behavior change 

among its target users. 
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Chapter 3 

Knowledge, Attitude, and Practices Regarding Dengue Fever among Pediatric and 

Adult In-Patients in Metro Manila, Philippines 

 

Abstract 

Background: Knowledge, attitude, and practice (KAP) of in-patients with dengue fever (DF) 

through hospital-based surveillance has not been done. This study aimed to assess and 

compare the KAP, identify its predictors, correlation, and protective factors among pediatric 

and adult patients with DF and community-based controls to structure proactive community-

wide DF prevention and control programs. Methods: This case-control study involved 

clinically or serologically confirmed patients (pediatrics n = 233; adults n = 17) with DF 

admitted in three public hospitals and community-based controls in Metro Manila, 

Philippines. A pretested structured KAP questionnaire was administered to participants to 

assess their KAP. Results: Pediatric and adult patients had significantly lower mean scores 

in the practice (p < 0.001) domain compared with the pediatric and adult controls. Being in 

senior high school, having had days in hospital, and rash were predictors of KAP among 

pediatric patients. Knowledge and attitude of patients with DF did not correlate with their 

practices against DF. Use of mosquito-eating fish, screen windows, and dengue vaccine were 

protective factors against DF. Conclusion: The study highlights the importance of behavioral 

change for knowledge and attitude to have significant effect to practices against DF. Thus, I 

recommend two comprehensive health programs, Communication for Behavioral Impact 

(COMBI) and Health Belief Model (HBM). 
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1. Introduction 

To date, there is no known cure for dengue fever (DF), the world’s fastest spreading 

mosquito-borne viral disease transmitted mainly by female Aedes aegypti mosquitoes. It 

causes approximately 390 million cases per year and puts an estimated 3.9 billion people at 

risk in 128 countries [1–3]. DF was first recognized during a dengue epidemic in the 

Philippines in 1950, and ever since, it has been a substantial and major public health burden 

causing hospitalization and deaths among children and adults in all regions of the country 

[2]. The Department of Health (DOH) reported that from 2010 to 2014, there has been an 

average 170,503 symptomatic cases (178 per 10,000 population) and 750 deaths (0.44% 

fatality rate) in the Philippines [4].  

Metropolitan (Metro) Manila, also known as the National Capital Region (NCR), 

located in the southwestern part of Luzon, is the capital region of the Philippines [5]. In 2015, 

according to the DF disease surveillance report of the DOH, Metro Manila was one of the 

three regions in the country that had the highest number of DF cases (25,208) [6]. Then, in 

2017 it ranked second with the highest increase (19.1%) in DF cases (4706) from 1 January 

to 3 June (morbidity week 1–22) compared with the same period in 2016 [7]. In spite of many 

health programs enacted by the government to control vector mosquitoes and manage DF 

infection, there is still an increase in the incidence of DF. Because DF epidemiology and 

ecology are strongly associated with human habits and activities [8], assessing knowledge, 

attitude, and practices (KAP) is deemed necessary, yet, at present, to the best of our 

knowledge, no study has been done to assess the KAP regarding DF in Metro Manila.  
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Community-based KAP studies have been done to assess the KAP of different 

communities in other countries. However, most of them have included only community-

based samples and investigation on samples with clinical or serologically-confirmed DF 

diagnosis remains inadequate. To our knowledge, only two community-based case-control 

studies have been done. Chen et al. [9] interviewed patients with DF who were randomly 

chosen from a web-based reporting system through telephone interviews, whereas Kenneson 

et al. [10] performed clinical ascertainment and community screening to interview 

households with and without DF infections by identifying acute or recent DF infections. 

However, these studies had limitations in their data collection methods. The first study 

limited collection to individuals and households with telephones, which had only a 50% 

response and completion rate among respondents [9]. The second study collected data among 

households with acute or recent DF infections, suggesting a self-report bias, as members of 

these households may have already acquired knowledge and changed their behavior or 

attitude towards DF during their surveillance [10]. Thus, I tried to address these limitations 

by performing hospital-based face-to-face interview surveillance among patients with DF 

through the use of a questionnaire. Although this method has been reported to have good 

response and acceptance rate (99%) and a low refusal rate (1%) among in- and out-patients 

[11,12], this also allowed us to capture patients’ knowledge and attitude and their 

family’s/household’s practices against DF during the onset (acute phase (febrile-critical) of 

the infection [1]). I assumed that during the onset of DF, they had no acquired knowledge on 

DF nor had they changed their attitude or behavior toward DF. Moreover, studying this group 

will provide important benchmark information on identifying and confirming which of the 
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three KAP domains plays a vital role in the presence and spread of disease which, in turn, 

would help structure more targeted and proactive community-wide disease prevention and 

control programs.  

Previous KAP studies have also reported that sociodemographic data such as income, 

employment, education, marital status, religion, sex, age, location, socio-economic status, 

type of residence, and DF history were associated with KAP [13–23]. However, to our 

knowledge, no study has investigated the association between clinical parameters (e.g., 

diagnosis, platelet count), clinical symptoms (e.g. fever, rash, abdominal pain), and KAP. 

Thus, the inclusion of clinical parameters collected during patient hospitalization could give 

us significant clues as to whether particular attributes are associated with the disease [24].  

Several community-based KAP studies have also investigated the correlation among 

the KAP domains. Harapan et al. [13] reported that good knowledge is positively associated 

with good practice. This is parallel with the report by Alyousefi et al. [25] that poor 

knowledge on DF has significant positive association with poor preventive practices. 

However, other similar studies had different results. Kumaran et al. [26] and Shuaib et al. 

[14] reported that knowledge on causes, signs, symptoms, mode of transmission, and 

preventive practices against DF are not correlated with the practice of preventive measures 

against DF. Aside from these, two case-control studies reported which preventive practices 

are protective factors against DF. Regression models revealed that removing trash and 

stagnant water from around the residence, using mosquito repellent oils, use of mosquito bed 

nets, fumigation inside the house, and piped water inside the house can reduce the risk and 

vulnerability to DF infection [9,10].  
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On the basis of the literature presented, I hypothesized that pediatric and adult patients 

with DF would have lower levels of KAP domains than the pediatric and adult controls, 

respectively. In line with this, different clinical variables would be significant predictors of 

KAP among the pediatric and adult patients with DF. Moreover, patients’ knowledge and 

attitude on DF would not have a significant positive relationship with their practices against 

DF, compared with that of pediatric and adult controls, which would imply that low practice 

levels exposed the patients to the infection. Therefore, this study aimed to assess and compare 

the KAP of pediatric patients with DF and pediatric controls, and adult patients with DF and 

adult controls. I also sought to identify the predictors of KAP domains by socio-demographic 

profiles, clinical parameters, and symptoms; analyze the relationship among the KAP 

domains; and identify protective factors against DF. The results will be used as a springboard 

in identifying and recommending a structure for more targeted and proactive community-

wide DF prevention and control programs.  

 

2. Materials and Methods  

2.1.Study and Sampling Design  

This case-control study involved clinically or serologically confirmed patients 

(pediatrics n = 233; adults n = 17) and community-based controls (pediatrics n = 233; adults 

n = 17). Patients with DF were admitted in three public tertiary (>100 beds) hospitals in 

Metro Manila, Philippines, at San Lazaro Hospital, a referral facility for 

infectious/communicable diseases; Quezon City General Hospital; and Pasay City General 

Hospital, whereas the controls were community (adults)- and school (pediatrics)-based 
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samples. I used the 1:1 ratio (one case patient/one control) with an assumed odds-ratio of ≥2, 

power (1-β) of 0.80, 0.05 significance level, Zα = 1.96 [27]. Community-based adult controls 

were compared with adult patients with DF, whereas pediatric patients with DF were 

compared with school-based grade 3 to grade 12 students (8 to 18 years old). However, I 

failed to control potential confounders by matching them in terms of age, gender, and grade 

level because availability and participation rates among the controls were low. Thus, I chose 

those who were eligible on the basis of the inclusion criteria, and those who were available 

and willing to participate. The collection was done during the rainy season where high DF 

transmission occurs from 26 July to 26 November 2017.  

 

2.2. Participant Inclusion and Exclusion Criteria  

A semi-structured bedside interview was done among pediatric (18 years old and 

below) and adult in-patients (19 years old and above) with serology-confirmed or clinically 

diagnosed DF, who were conscious and able to read and write. Excluded were those who 

were not able to comply with consent procedures, or with life-threatening comorbidities. 

Controls were sampled individuals who had no signs and clinical symptoms of DF and who 

had no family member hospitalized for or diagnosed with DF at the time of interview. For 

more information about the transcript used in the semi-structured interview, see 

Supplementary File S1.  
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2.3. Ethical Considerations and Data Collection Procedures  

The study was conducted on the basis of international and local ethical guidelines: 

Declaration of Helsinki, International Council for Harmonization-Good Clinical Practice 

(ICH-GCP) Guidelines, and National Ethical Guidelines for Health Research [28–30], and 

reported on the basis of the Strengthening The Reporting of OBservational Studies in 

Epidemiology (STROBE) statement checklist (Supplementary File S2). It was reviewed and 

approved by the Institutional Ethics and Review Boards (IERBs) of each participating 

hospital: Research Ethics and Review Unit of San Lazaro Hospital, Research Ethics and 

Technical Committee of Pasay City General Hospital and Planning, Development, and 

Education and Research office of Quezon City General Hospital (ethics approval numbers: 

RERU-SLH 2017-016 E and PGH-RETC-01-0-091417001DENGUE).  

Informed consent was obtained from all the controls and patients and/or their parent 

or legally authorized representative (LAR), or caregiver, especially in the case of those who 

were under 18 years old. They were asked to read and sign an informed consent form (verbal 

assent for children aged 7–12 years and assent form for children aged 12–15 years) in Filipino 

before their participation in the study. They were also informed that their participation in the 

study was voluntary and they may stop their participation any time. Recruitment and 

interviews of patients were completed by one trained investigator and were supervised by 

physicians, nurses, and co-investigators assigned at each hospital. The controls were 

recruited and interviewed by guidance and counseling personnel and a psychologist on the 

basis of the inclusion and exclusion criteria. To avoid bias, interviews were done with a 

consistent pre-determined instructions and questions using structured forms and a pre-tested 
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self-report questionnaire. This was done with the expectation of fairly consistent data from 

one participant to another. Forms and questionnaires of each participant were coded for their 

protection and privacy.  

 

2.4. Forms and Instruments  

2.4.1. Explanatory Variables  

Socio-demographic profile, clinical parameters, and symptoms: Both patients and 

controls were asked about their personal information such as age, civil status, gender, 

educational attainment or employment status, family monthly income, and the DF history of 

their family and themselves. Patients’ clinical parameters such as admitting diagnosis, 

serologic test results (non-structural protein 1 antigen (NS1Ag) and BLOT: immunoglobin 

G antibody (IgG) and immunoglobin M antibody (IgM)) and laboratory data (i.e., complete 

blood count (CBC) with platelet count) were obtained from medical charts that were used to 

identify their current DF phase (acute: febrile to critical and recovery phase). Clinical 

symptoms or chief complaints were also asked.  

 

2.4.2. Response Variables  

KAP regarding DF was developed by Shuaib et al. [14] in Jamaica, which was 

pretested and then completed three Delphi method review rounds for question and response 

construction and purpose of the questionnaire. The questionnaire has three domains: 29-item 

knowledge (dengue symptoms, modes of transmission, preventive practices, and disease 

management), 3-item attitudes (seriousness, risk, and prevention), and 12-item practices 
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(mosquito–human contact and eliminating breeding sites) [14]. Knowledge and attitude 

domains pertain to each participant’s self-report of knowledge and perception towards DF, 

whereas the practice domain involves each participant’s household-report of the preventive 

practices against DF. I added two items in the list of sources of information (e.g., social media 

and “barangay” or villages and community) and one item in practice (dengue vaccine). A 

three-point scale, “yes”, “no”, and “I don’t know” was used in the knowledge domain. 

Correct responses were scored 1, otherwise, scored 0 [20]. A five-point scale, “strongly agree” 

to “strongly disagree” was used to identify participants’ attitudes where “strongly agree” 

scored 2 and “agree” scored 1. Likewise, one item in practices (frequency of cleaning ditches 

and containers with water) used a four-point scale of “always” to “never” where “always”, 

“often”, and “sometimes” were scored 3, 2, and 1, respectively. Approval was obtained from 

one of its authors for the use of the test with modifications, forward translation (English to 

Filipino), expert validation (content, construct, face), back translation (Filipino to English), 

and pilot testing procedures. The translated questionnaire in Filipino was tested for internal 

consistency (Cronbach’s alpha), and results evidenced KAP domains’ acceptable internal 

consistency Cronbach’s alpha of α = 0.75, α = 0.76, and α = 0.76 for the three domains, 

respectively.  

 

2.5. Statistical and Data Analysis  

Statistical analysis was done using Statistical Package for Social Sciences (SPSS) 

version 25 (IBM Corp., Armonk, NY). I compared the groups—pediatric patients and 

pediatric controls, and adult patients and adult controls—by their mean scores in each KAP 
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domain using independent samples t-test. Then, I conducted multiple linear regression 

analysis where socio-demographic and clinical variables (dummy variables (i.e., 0 or 1) for 

categorical variables) were inputted in the model using a stepwise method in backward 

selection to identify significant (p < 0.05) predictors of KAP among patients with DF. To 

calculate the correlation values between the KAP domain scores, Spearman’s rank 

correlation (rs) (two-tailed) and the fisher’s R-to-Z transformation to obtain confidence 

interval (CI) were used, as Shapiro–Wilk and Kolmogorov–Smirnov normality tests revealed 

that the scores were not normally distributed [20]. All preventive practices were used in a 

logistic regression analysis to identify protective factors against DF infection in pediatric and 

adult samples. All significant factors (p < 0.05) were put in the multiple regression analysis 

using stepwise backward selection method.  

 

3. Results  

3.1. Socio-Demographic Profile, Clinical Parameters, and Symptoms  

Initially, 350 patients with DF participated in the study. However, I excluded those 

who had incomplete responses (n = 15, 4.3%) and those whose responses came from a family 

member instead of the patient themselves (n = 85, 24.3%). Thus, data from 500 participants 

comprising 250 patients with DF (pediatrics n = 233 (93.2%); adults n = 17 (6.8%)) and 250 

controls (youth n = 233; adults n = 17) were included in the final analysis. The profile of the 

participants is shown in Table 3.1. Pediatric patients with DF had a mean (M) age of 13, and 

an SD (±) of 3.16 years. A total of 56.7% were males, 46.9% were in junior high school, and 

84% belonged to a family with a monthly income of ≤10,000 pesos. The age of adult patients 
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Table 3.1. Socio-demographic profile, clinical parameters, and clinical symptoms among pediatric and adult 

patients with DF and pediatric and adult controls. 

   Patients with DF Controls 
   Total PP AP Total PC AC 
  n = 250 n = 233 n = 17 n = 250 n = 233 n = 17 

Socio-demographic 
profile 

Gender Male 138 (55.2) 132 (56.7) 6 (35.3) 125 (50.0) 119 (51.1) 6 (35.3) 
 Female 112 (44.8) 101 (43.3) 11 (64.7) 125 (50.0) 114 (48.9) 11 (64.7) 

Age 8–10 54 (21.6) 54 (23.2)  4 (1.60) 4 (1.70)  
 11–13 53 (21.2) 53 (22.7)  93 (37.2) 93 (39.9)  

  14–16 75 (30.0) 75 (32.2)  111 (44.4) 111 (47.6)  
  17–18 51 (20.4) 51 (20.4)  25 (10.0) 25 (10.7)  
  19–21 5 (2.00)  5 (29.4) 3 (1.20)  3 (17.6) 
  22–24 2 (0.80)  2 (11.8) 4 (1.60)  4 (23.5) 
  25–27 2 (0.80)  2 (11.8) 3 (1.20)  3 (17.6) 
  ≥28 8 (3.20)  8 (47.1) 7 (2.80)  7 (41.2) 
 

Education/employment 

Grade school 72 (30.1) 72 (31.9)  11 (4.40) 11 (4.70)  
 JHS 106 (44.4) 106 (46.9)  204 (81.6) 204 (87.6)  
 SHS 39 (16.3) 36 (15.9) 3 (23.1) 12 (4.80) 12 (5.20)  
 College 8 (3.30) 7 (3.10) 1 (7.70) 9 (3.60) 6 (2.60) 3 (17.6) 
 Employed 13 (5.40) 5 (2.20) 8 (61.5) 10 (4.00)  10 (58.8) 
 Unemployed 1 (0.40) 0 1 (7.70) 4 (1.60)  4 (23.5) 
 Income (₱) ≤10,000 PHP 192 (83.1) 180 (84.1) 12 (70.6) 18 (7.20) 17 (7.30) 1 (6.30) 
  ≥10,000 PHP 39 (16.9) 34 (15.9) 5 (29.4) 231 (92.8) 216 (92.7) 15 (93.8) 
 Civil status Single 243 (98.4) 232 (100) 11 (73.3) 249 (99.6) 233 (100) 16 (94.1) 
  Married/live-in 4 (1.60) 0 (0.00) 4 (26.7) 1 (0.40)  1 (0.30) 
 

Household member 
≤5 members 128 (55.4) 116 (54.2) 12 (70.6) 174 (69.6) 164 (70.4) 10 (58.8) 

 ≥6 members 103 (44.6) 98 (45.8) 5 (29.4) 76 (30.4) 69 (29.6) 7 (41.2) 
Clinical parameters 

Medical diagnosis 
DHF w/ws 198 (79.2) 181 (77.7) 17 (100)    

 Severe dengue 6 (2.40) 6 (2.57)     
  Probable 46 (18.4) 46 (19.7)     
 

Days in the hospital 
≤2 days 170 (76.2) 159 (77.2) 11 (64.7)    

 ≥3 days 53 (23.8) 47 (22.8) 6 (35.3)    
 DF history Had DF 16 (7.30) 15 (7.3) 1 (6.70) 32 (12.8) 31 (13.3) 1 (5.90) 
  First-time 204 (92.7) 190 (92.7) 14 (93.3) 218 (87.2) 202 (86.7) 16 (94.1) 
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Family DF history 

None 155 (70.5) 140 (69.0) 15 (88.2) 195 (78.0) 185 (79.4) 10 (58.8) 
 ≥1 had DF 65 (29.5) 63 (31.0) 2 (11.8) 55 (22.0) 48 (20.6) 7 (41.2) 
 

Dengue phase 
Acute 200 (80.0) 188 (80.7) 12 (70.6)    

 Recovery 50 (20.0) 45 (19.3) 5 (29.4)    
 Dengue tests (−) NS1Ag 52 (44.1) 42 (38.9) 10 (100)    
  (+) NS1Ag 66 (55.9) 66 (61.1)     
  (−) IgG 46 (68.7) 41 (67.2) 5 (83.3)    
  (+) IgG 21 (31.3) 20 (32.8) 1 (16.7)    
  (−) IgM 14 (20.9) 13 (21.3) 1 (16.7)    
  (+) IgM 53 (79.1) 48 (78.7) 5 (83.3)    

Clinical Symptoms Headache Asymptomatic 206 (82.4) 193 (82.8) 13 (76.5)    
  Symptomatic 44 (17.6) 40 (17.3) 4 (23.5)    
 Fever Asymptomatic 210 (84.0) 194 (83.3) 16 (94.1)    
  Symptomatic 40 (16.0) 39 (16.9) 1 (5.9)    
 Nausea and vomiting Asymptomatic 188 (75.2) 177 (76.0) 11 (64.7)    
  Symptomatic 62 (24.8) 56 (24.3) 6 (35.3)    
 Myalgias and arthralgias Asymptomatic 193 (77.2) 180 (77.3) 13 (76.5)    
  Symptomatic 57 (22.8) 53 (22.9) 4 (23.5)    
 Petechiae (rash) Asymptomatic 145 (58.0) 134 (57.5) 11 (64.7)    
  Symptomatic 105 (42.5) 99 (43.0) 6 (35.3)    
 Retro-/peri-orbital pain Asymptomatic 223 (89.2) 208 (89.3) 15 (88.2)    
  Symptomatic 27 (10.8) 25 (7.86) 2 (11.8)    
 Abdominal pain Asymptomatic 157 (62.8) 145 (62.2) 12 (70.6)    
  Symptomatic 93 (37.2) 88 (37.9) 5 (29.4)    
 Thrombocytopenia ≤9900/mm3 72 (28.8) 70 (22.01) 2 (11.8)    
  ≥10,000/mm3 165 (66.0) 150 (68.2) 15 (88.2)    

DF—dengue fever; PP—pediatric patients; AP—adult patients; PC—pediatric controls; AC—adult controls; JHS—junior high 

school; SHS—senior high school; ₱—Philippine peso (52.16 USD = 1 ₱); Acute—febrile to critical phase; ws—warning signs; 

DHF—dengue hemorrhagic fever; (+)—positive; (−)—negative; NS1Ag—non-structural protein 1 antigen; IgG—

immunoglobin G antibody; IgM—immunoglobin M antibody 



45 
 

ranged from 19 to 49 years old (M, 29.9 ± 10), 64.7% were females; 73.3% were single, 

61.5% were employed, 70.6% belonged to a family with a monthly income of ≤10,000 pesos, 

and 70.6% belonged to a family with ≤5 members. All (100%) adult patients and the majority 

(77.7%) of pediatric patients with DF had dengue with warning signs. A large proportion of 

pediatric patients and adult patients had no DF history (92.7% and 93.3%, respectively), had 

no family DF history (69% and 88.2%, respectively), and were in the acute (febrile-critical) 

phase of the infection (80.7% and 70.6%, respectively). More than half (68.2%) of pediatric 

patients and the majority (88.2) of adult patients had thrombocytopenia (9900/mm3). Nearly 

half (43%) of pediatric patients and 35.3% of adult patients had petechiae or rashes. 

 Furthermore, pediatric controls had a mean age of 14.11 (±1.88) years with almost 

half (47.6%) belonging to the 14–16 age group, whereas adult controls had a mean age of 

26.6 (±6.07) years that ranged from 20 to 46 years old. Half (51.1%) of pediatric controls 

were males, whereas 64.7% of adult controls were females. All (100%) of youth controls and 

the majority (94.1%) of adult controls were single. Most of the pediatric (92.7%) and adult 

controls (93.8%) belonged to a family with a monthly income of ≥10,000 pesos. There was 

a preponderance of pediatric (86.7%) and adult (94.1%) controls who had no DF history. 

More than half of pediatric (79.4%) and adult controls (58.8%) had no family DF history. 

 

3.2. Mean Score Difference of Knowledge, Attitude, and Practice between Patients and 

Controls  

An independent samples t-test revealed that pediatric patients with DF had 

significantly higher mean scores in knowledge (p < 0.001) and attitude (p < 0.001) domains 
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than pediatric controls (Table 3.2). However, pediatric patients with DF obtained 

significantly lower mean score in practice domain (p < 0.05) than pediatric controls. In adult 

samples, adult patients with DF had significantly lower mean scores in knowledge (p < 0.001) 

and practice (p < 0.001) domains than adult controls. 

 

Table 3.2. Results of independent t-test for the difference of knowledge, attitude, and practice 

(KAP) mean scores between patients and controls. 

 Pediatrics Adults 

 
PP  

(n = 233) 

PC  

(n = 233) 
 

AP  

(n = 17) 

AC  

(n = 17) 
 

Domains Mean (SD) Mean (SD) p-Value Mean (SD) Mean (SD) p-Value 

Knowledge 19.6 (3.49) 14.5 (6.26) <0.001 17.7 (3.58) 22.5 (2.69) <0.001 

Attitude 3.46 (1.91) 2.46 (2.12) <0.001 3.88 (2.23) 4.12 (1.49) 0.72 

Practices 9.29 (2.32) 9.83 (2.93) 0.03 7.94 (2.04) 11.1 (1.78) <0.001 

PP—pediatric patients; PC—pediatric controls; AP—adult patients; AC—adult controls; 

SD—standard deviation. 

 

3.3. Predictors of Knowledge, Attitude, and Practice  

Multiple linear regression analysis found significant regression equations in all KAP 

domains among pediatric patients with DF, as shown in Table 3.3. It shows that knowledge 

increased significantly more in pediatric patients who were in senior high school, whereas it 

decreased significantly more in pediatric patients who were in college and those who had DF 

for the first time. Being in senior high school also tended to increase pediatric patients’ 
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attitude. Additionally, the longer they stayed in the hospital, the higher their attitude score 

became. However, the older their age, their attitude scores lowered. Further, practice scores  

 

Table 3.3. Multiple linear regression results showing the predictors of KAP among pediatric 

patients with DF. 

Outcome Variables Predictors R2 β p-Value 

Knowledge Education (senior high school) 0.09 0.18 0.01 

 Education (college)  −0.16 0.02 

 No DF history (first-time)  −0.15 0.04 

Attitude Age 0.11 −0.30 0.004 

 Education (senior high school)   0.39 <0.001 

 Days in the hospital   0.16 0.04 

Practice Severe dengue 0.07 −0.15 0.04 

 Rash or petechiae  0.18 0.01 

     β = standardized beta coefficients; DF = dengue fever. 
 

 

tended to decrease among those with severe dengue, yet, tended to increase in those pediatric 

patients who had petechiae or rash. No significant predictors were found among adult patients 

with DF. 

 
3.4. Correlation among Knowledge, Attitude, and Practices  

Spearman rank correlation revealed that, although not statistically strong (rs = 0.2), 

there was a significant positive correlation between knowledge and attitude domains of 

pediatric patients with DF, as shown in Table 3.4. As hypothesized, there was no correlation 
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found in knowledge–practice and attitude–practice domains of both pediatric and adult 

patients with DF. Among controls, only youth controls had obtained significant positive 

correlations among the KAP domains, wherein a relatively strong correlation was found 

between knowledge–practice domains with a correlation coefficient of 0.42 (95% CI: 0.34–

0.57). 

3.5. Protective Factors against DF  

All preventive practices were used in a logistic regression analysis to identify 

protective factors against DF. Then, after a multiple regression analysis, use of mosquito-

eating fish, dengue vaccine, use of screen windows, and performing at least one preventive 

practice against DF were found to be protective factors against DF among youth samples 

(pediatric patients with DF and pediatric controls), as shown in Table 3.5. Among adults 

(adult patients with DF and adult controls), only the use of screen windows was identified as 

a significant protective factor against DF, with an adjusted odds-ratio (aOR) of 23.9 (95% 

CI: 2.08–275.2, p = 0.01). For both youth and adult samples, mosquito-eating fish, screen 

windows, and dengue vaccine were identified as protective factors against DF infection. The 

strongest factor in the model was use of mosquito-eating fish, with an adjusted ratio (aOR) 

of 8.69 (95% CI: 3.67–20.57, p ≤ 0.001). 

4. Discussion 

Pediatric patients with DF had significantly higher mean scores in knowledge and 

attitude than pediatric controls, who, in turn, as expected, had a significantly higher mean 

score in the practice domain compared with pediatric patients with DF. As expected, adult 
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patients with DF had significantly lower mean scores in knowledge and practice domains 

than adult controls. Being in senior high school, having had days in the hospital, and having 

a rash were predictors of KAP among pediatric patients with DF, whereas no significant 

predictors were found among adult patients with DF. There was a significant positive 

correlation between knowledge and attitude (p < 0.01) of pediatric patients with DF, however, 

similar with adult patients with DF, these domains did not correlate with their practices 

against DF. Moreover, mosquito-eating fish, screen windows, and dengue vaccine were 

protective factors against DF, although further community-based studies should confirm 

these results. 

 

Table 3.4. Correlation among the KAP domains among patients with DF and controls. 

Patients with DF Controls 
Variables rs (95% CI) p-Value rs (95% CI) p-Value 

Knowledge-attitude 

Pediatrics  0.20 (0.08, 0.13) 0.002 0.34 (0.24–0.48) <0.001 

Adults  0.02 (−0.51, 0.59) 0.95 −0.05 (−0.50, 0.60) 0.84 

Knowledge-practice 

Pediatrics 0.06 (−0.06, 0.20) 0.36 0.42 (0.34–0.57) <0.001 

Adults −0.39 (−0.81, 0.24) 0.12 0.03 (−0.58, 0.52) 0.91 

Attitude-practice 

Pediatrics  −0.04 (−0.15, 0.10) 0.57 0.23 (0.13–0.38) <0.001 

Adults −0.13 (−0.62, 0.48) 0.62 0.19 (−0.41, 0.68) 0.46 

rs: Spearman rank correlation coefficients; 95% confidence intervals (CI) were 

transformed using Fisher’s R-to-Z. 

Our study extends the investigations done by Chen et al. [9] and Kenneson et al. [10] 

that focus on clinical and laboratory-confirmed DF infections as the primary outcome of 



50 
 

interest rather than preventive practices. As this was a hospital-based study, this allowed us 

to easily identify individuals with positive cases according to clinical diagnostic criteria and 

laboratory-confirmation of DF diagnosis. Our study provides the first report on the use of 

clinical ascertainment through hospital-based surveillance among pediatric and adult patients 

with DF and the first description on the difference of KAP regarding DF between patients 

with DF and community-based controls. It also provided the first investigation on the 

association of clinical data to KAP domains, correlation among the KAP domains and 

protective factors against DF among patients with DF and community-based controls.  

The significantly high mean scores in knowledge and attitude, as well as the low mean 

scores in practice among pediatric patients with DF compared with their counterparts, may 

be explained by factors associated with being hospitalized. It may be possible that 

hospitalization caused pediatric patients to gain more knowledge about DF compared with 

pediatric controls. Being diagnosed with DF increased their awareness regarding DF, and 

multiple encounters with different healthcare providers or other patients might have 

increased their knowledge about DF. Having DF history was also found to be a significant 

determinant of high knowledge mean scores among pediatric patients with DF. Although 

only 7.3% had DF before, this may appear obvious; however, past experiences such as 

infection, which is prevalent among children [29], also increased pediatric patients’ 

knowledge about DF. Moreover, the significantly high score obtained by pediatric controls 

in the practice domain implies that they had good practice against DF compared with 

pediatric patients with DF. This seemed to be also true among adult controls who had higher 



51 
 

mean scores in the practice domain than adult patients with DF, which may explain why 

controls, in general, did not have DF.  

Table 3.5. Multiple logistic regression model of predictors of absence of DF infection. 

Likelihood Ratio Estimates 

Practices DF β SE Wald X2 aOR (95% CI) p-Value 

Pediatrics       

screen windows  1 1.45 0.31 21.15 4.25 (2.29–7.88) <0.001 

eliminate standing water  1 −1.40 0.41 11.96 0.24 (0.11–0.54) 0.001 

mosquito-eating fish 1 2.03 0.45 20.70 7.62 (3.18–18.3) <0.001 

does nothing to reduce mosquitoes 1 0.98 0.37 6.87 2.67 (1.28–5.57) 0.009 

dengue vaccine 1 1.60 0.28 32.58 4.95 (2.86–8.56) <0.001 

covering water containers  1 −2.32 0.53 19.15 0.10 (0.03–0.28) <0.001 

Adults       

professional pest control  1 1.82 0.93 3.88 6.20 (1.01–38.1) 0.05 

screen windows  1 3.17 1.25 6.49 23.9 (2.08–275) 0.01 

Both       

screen windows  1 1.53 0.30 25.92 4.60 (2.56–8.28) <0.001 

eliminate standing water  1 −1.41 0.39 13.20 0.24 (0.11–0.52) <0.001 

mosquito-eating fish  1 2.16  0.44 24.23 8.69 (3.67–20.6) <0.001 

does nothing to reduce mosquitoes 1 0.70 0.36 3.83 2.01 (1.00–4.04) 0.05 

dengue vaccine 1 1.49 0.27 30.32 4.42 (2.61–7.55) <0.001 

covered water containers  1 −2.01 0.49 17.09 0.13 (0.05–0.35) <0.001 

DF = degree of freedom; β = standardized beta coefficients; SE = standard error; Wald X2 = 

Wald chi-square; aOR (95% CI) = adjusted odds-ratio 95% confidence interval. 

 

Previous studies have reported that there is a significant positive correlation between 

education and level of knowledge and attitude toward DF [19,23]. However, in our study, 
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pediatric patients who were in senior high school tended to have increased knowledge and 

attitude on DF compared to those in college or university. One possible reason could be that 

senior high schools may have included contents about DF in their curriculum that may have 

increased the knowledge and attitude levels of pediatric patients in senior high school. As the 

age of pediatric patients with DF increased, their attitude towards DF decreased. Hospitalized 

younger children were reported to be very conscious about their health and expressed very 

positive health attitudes compared with older children [31,32]. This may be brought about by 

the fact that younger children who are hospitalized are more vulnerable to emotional upset 

and they experience greater anxiety, arising from separation from parents [33,34].  

Another significant predictor of attitude towards DF was the number of days in 

hospital. The longer individuals stayed in hospital, the more they perceived DF as serious 

and threatening, which may have been due to their experience of anxiety towards medical 

settings and receiving of medical care [35]. Specifically, they had fear of medical procedures 

such as injection needles [36] (daily drawing of blood to check their platelet counts) and they 

perceived medical professionals such as doctors and nurses as inflictors of trauma [37]. Aside 

from these, hospitalization also increased the chance of children being dissatisfied with their 

hospital stay situation, due to factors such as food conditions, also experiencing anxiety 

because of limited physical activities such as being absent in school and having a limited 

chance of spending time and playing with peers and friends or siblings [38,39].  

The appearance of petechiae or rash among pediatric patients may explain, in part, 

why it was found to be a significant predictor of the practice domain. The presence of 

petechial rash (which is also described as “isles of white in the sea of red”) and pruritus 
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(severe itching of the skin) occur towards the end of acute (febrile) phase and the beginning 

of the recovery phase [1]. This could mean that those pediatric patients who were already 

having rashes during the interview may have already changed their family/household 

members’ behavior and started performing the preventive practices against DF, thus having 

higher practice mean scores. Severe dengue was a significant predictor of decreased practice 

among pediatric patients with DF. Pediatric patients with severe dengue, compared to those 

who had other DF diagnoses, had the significantly lowest mean score in the practice domain. 

A total of 50% of pediatric patients with severe dengue had to be confined in the intensive 

care unit (ICU). They were interviewed only after ICU confinement which was, on average, 

the fifth day of hospitalization. The time spent in the ICU might have decreased the 

opportunity of their family/household members to immediately perform the practices against 

DF, thus having a lower practice mean score. In general, although the regression models 

obtained low R-squared values, it is still important to investigate how the changes in the 

values of social and clinical variables are associated with the changes in the values of 

depressive and anxiety symptoms scores which is represented by the significant coefficients.  

There was a positive correlation found between knowledge and attitude domains of 

pediatric patients with DF. Although it was considered a weak association, and relatively 

lower correlation coefficient compared with a previous study (rs = 0.37) [20], it is still 

valuable to note that there was a good translation of knowledge to attitude on DF among 

pediatric patients with DF. Their knowledge on dengue symptoms, modes of transmission, 

preventive practices against DF, and disease management tended to change their beliefs that 

DF is a serious and threatening disease. Although pediatric patients’ knowledge correlated 
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with their attitude towards it, as expected, both knowledge and attitude did not correlate with 

their practices against DF. This clearly signifies that the translation of knowledge and attitude 

to practice among pediatric patients was poor. This was also found to be true among adult 

patients with DF. This means that although pediatric and adult patients with DF were 

knowledgeable about the symptoms of DF, vector breeding site control, and transmission 

modes of DF, and had the perception of DF as a serious and threatening disease, it did not 

lead to a change in their behavior of performing the preventive practices against it. This 

implies that the poor practice against DF might have exposed them to a higher risk of 

contracting the disease.  

Multiple logistic regression analysis on the practices revealed that use of mosquito-

eating fish, screen windows, and dengue vaccine were protective factors against DF. Studies 

have found that larvivorous fish (Gambusia affinis), the common guppy (Poecilia reticulata), 

or Cyprinidae or Tilapia spp. can be effectively used to control the mosquito population at 

their larval stages [40–42]. Moreover, in our study, I assumed that the use of screen windows 

equates to the use of glass windows in air-conditioned rooms among controls, especially the 

youth. Screen and glass windows could be potential forms of reducing DF transmission by 

the reduced exposures to vectors that enter homes through open windows [9]. These may not 

have been available to the patients with DF because the majority (85.2%) of them belong to 

households with low monthly family income, thus, increasing their vulnerability to DF 

infection.  

Surprisingly, dengue vaccine was found to be a protective factor against DF among 

youth samples. Another limitation of this study was that I could not rely on the participants’ 
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responses about their dengue vaccine acquisition history. I had no means of confirming 

whether they were vaccinated or not. Thus, this result may require more intensive 

community-based studies to identify whether it could truly be a protective factor against DF 

infection.  

I also identified different factors that limited the generalizability of our findings: a 

small sample size of adult patients with DF, failure to match patients with controls, 

confounding effect of economic status and hospitalization, and false positive responses. First, 

limitation was the relatively small sample size of adult patients with DF, which is a possible 

reason why no significant predictors of KAP were found among this population. The 

underrepresentation of adult patients may have been caused by the reason that DF is more 

prevalent in children and a younger age group and only those adult patients who reported 

severe symptoms and those who needed special attention were admitted to hospital while 

others were asked to stay at home and consult outpatient clinics. A second limitation was the 

failure to match the pediatric patients and pediatric controls at least in terms of age, which 

also limits the generalizability of the findings. As I mentioned previously, matching was 

difficult because not all the control sample that I approached were available and willing to 

participate. The third limitation was that participating hospitals were public tertiary hospitals, 

where most patients belong to low-income families; thus, association of income with the 

domains was hard to estimate. Fourth, only in-patients were included in this study, limiting 

the analysis to those admitted to hospitals. Therefore, I recommend that future studies also 

include out-patients to see whether hospitalization confounds the association between the 

domains and the DF infection. The inclusion of patients who had DF was also found to be a 
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confounding variable in the level of knowledge and attitude; thus, future studies should 

consider focusing on patients who had no history of DF. Lastly, our data collected from both 

patients with DF and controls, through the use of questionnaire, were subjective, which might 

have produced false positive responses. I had no means of confirming whether the 

participants, especially the patients, really had mosquito-eating fish at home, if they had been 

using screen windows, or if they had been vaccinated with dengue vaccine; thus, future 

studies should include direct household observation to validate these results.  

 

5. Conclusions  

Pediatric and adult patients with DF admitted in three hospitals in Metro Manila, 

compared with their counterparts, had lower mean scores in the practice domain, and 

knowledge and attitude were not correlated with practice, highlighting the importance of 

behavioral change for knowledge and attitude to have a significant effect on practices against 

DF. Health programs should focus on translating knowledge and attitudes into more effective 

practices against DF through behavior change. Many programs continue to focus only on 

changing people’s knowledge and on raising awareness, rather than physical activity 

programs, which are more successful at producing behavior change [43]. Thus, I recommend 

two comprehensive health programs that aid the successful translation of knowledge and 

attitude to better practice. The Communication for Behavioral Impact (COMBI) is a 

comprehensive strategy that uses communication of knowledge to have a significant effect 

upon behavioral change (making people becoming aware, informed, convinced, and deciding 

to act, then repeating and maintaining that action) or increased practices against DF [26,44]. 
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Moreover, another model that facilitates behavioral change that could increase the translation 

of attitude to practice among children and adolescents is the Health Belief Model (HBM). 

This model suggests that a change in behavior can be expected if a person perceives 

themselves to be at risk or susceptible to the disease (perceived susceptibility), that the 

disease will have serious consequences (perceived severity), a course of action will minimize 

consequences (perceived benefits), and the benefits of action will outweigh the cost of 

barriers (perceived barriers) and self-efficacy [45]. Both models should be used in changing 

behavior, not only at individual and household levels, but also at the community level, as 

community participation, including schools and especially among children, is necessary to 

effectively control the vector mosquitoes [46]. 
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Chapter 4 

Depressive and Anxiety Symptoms Among Pediatric In-Patients with Dengue Fever: 

A Case-Control Study 

 

Abstract:  

Background: Psychiatric symptoms have been reported in adult patients with dengue fever 

(DF); however, information on pediatric patients remains inadequate. I sought to identify 

the prevalence and predictors of depressive and anxiety symptoms and identify other 

psychiatric symptoms among pediatric patients with DF. This case-control study involved 

pediatric in-patients (n = 225) who had clinical or serologic-confirmed DF and healthy 

school-based controls (n = 260). Participants completed the Revised Child Anxiety and 

Depression Scale (RCADS). Results: The prevalence of depressive (13.3%) and anxiety 

(34.2%) symptoms among pediatric patients with DF was significantly (p < 0.001) higher 

than that among controls (3.5% and 16.2%, respectively). Multiple linear regression 

analysis found that age, family history of DF, ≤2 days of hospitalization, myalgia, and 

arthralgia were predictors of increased depressive and anxiety symptoms among the 

patients. Further, 26.7% of pediatric patients reported irritability, agitation, visual 

hallucinations, and aggressiveness. Conclusion: Pediatric patients present depressive and 

anxiety symptoms whose levels were associated with social and clinical factors. However, 

whether these symptoms are present only during the infection or may still persist after 

recovery or are brought by children’s adverse reactions to hospitalization are unknown, and 

thus, further studies are needed. 
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1. Introduction 

As the world’s most rapidly spreading mosquito-borne disease, dengue fever (DF) 

causes approximately 50 million cases a year, putting an estimated 2.5 billion people at risk, 

especially children [1]. Its incidence has increased by 30 times in the last five decades [2] 

and is now prevalent in 128 countries [3]. It presents flu-like symptoms that include high-

grade fever accompanied by headache, myalgia and arthralgia, nausea and vomiting, intense 

abdominal pain, rash, retro-/peri-orbital pain, bleeding, and low platelet count 

(thrombocytopenia), which can lead to acute organ failure, cardiomyopathy, encephalitis, 

profound shock, and death [1]. Recently, the number of studies reporting this virus to be 

neurovirulent has increased [4], associating it with neurological complications in patients 

with DF [5]. 

The most prevalent neurological disorder occurring during DF is encephalopathy [6]. 

Case study reports found that adult patients with DF exhibit delusions with auditory and 

visual hallucinations, agitation and psychotic symptoms and fears, agitation, irritable affect, 

psychosis, mania, and catatonia [7–14]. The link between these symptoms and DF infection 

have been thought to be the result of metabolic disturbances, direct tissue lesion, intercranial 

hemorrhage, cerebral edema and anoxia and hyponatremia [7,11,12]. Among the identified 

encephalopathies, depressive and anxiety symptoms were the most studied among adult 

patients with DF [15–18]. The prevalence of borderline and clinical depression and anxiety 

among adult patients with DF ranges from 60% to 81% [16,17]. During the acute phase, the 

majority (90%) of patients exhibit thanatophobia or fear of death (90%), and during the 

recovery phase (1 week after onset of DF), more than half (55%) of patients develop fear of 
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mosquitoes (55%) [15,18]. Most importantly, the severity of DF symptoms such as fever, 

headache, myalgia, arthralgia, retro-/peri-orbital pain, and thrombocytopenia positively 

correlate with depression and anxiety [16] and increased levels of proinflammatory cytokines 

such as Interleukin 4/6 and TNF-alpha, and platelet brain-derived neurotrophic factors 

(BDNF) account for the presence of depressive and anxiety symptoms among adult patients 

with DF [16]. 

Depression and anxiety have been investigated in children with fatigue syndrome, 

fibromyalgia, migraine/tension headache [19], chronic abdominal pain [20], juvenile 

idiopathic arthritis [21], cancer [22], and human immunodeficiency virus (HIV) [23], yet 

information among pediatric patients with DF remains inadequate. One prospective study 

provides information on neurologic manifestations of DF in children. Pancharoen and 

Thisyakorn [24] reported that 80 of 1493 (5.4%) Thai in-patient children (3 months to 14 

years old), who had serologically confirmed DF diagnosis, exhibited seizures and 

encephalopathy-like depressed sensorium and mental confusion during the febrile (acute) 

stage of DF based on recorded medical charts. However, studies that prospectively use a self-

report screening tool to detect depressive and anxiety symptoms [25], which has a high 

acceptance and response rate (99%) and a low refusal rate (1%) among in- and out-patients 

[26], are lacking. To date, the study done by Mushtaq and Zahir [27] is the only known study, 

to our knowledge, that has used a self-report screening tool to measure depression, anxiety, 

and stress among pediatric patients with DF and investigated its relationship with self-

efficacy. The study used the Depression Anxiety and Stress Scale (DASS) to measure 

depression, anxiety, and stress and the General Self-Efficacy Scale (GSES) to measure self-
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efficacy among the participants [27]. They found out that self-efficacy has a negative 

correlation with depression, anxiety, and stress; thus, developing self-efficacy among the 

patients is deemed necessary [27]. Although this study adds to the emerging topics on the 

presence of depressive and anxiety symptoms among pediatric patients with DF, there is still 

a pressing need to conduct more studies to measure the impact of DF infection on the mental 

health of pediatric patients. 

Therefore, this study aimed to estimate the prevalence of depressive and anxiety 

symptoms among pediatric in-patients with DF and compare it with that among healthy 

school-based controls. I also sought to explore the predictors of these symptoms and to 

identify other self/parent-reported psychiatric manifestations that occur during the infection. 

I hypothesized that the prevalence of depressive or anxiety symptoms among pediatric 

patients with DF would be higher than that among controls, and predictors would include 

pain-related DF symptoms including headache, myalgia, arthralgia, retro-/peri-orbital pain, 

and abdominal pain suggesting a causal link between depressive, anxiety, and other 

psychiatric symptoms and DF infection. 

 

2. Materials and Methods 

2.1. Study and Sampling Design 

This case-control study involved pediatric patients (cases) admitted at three public 

tertiary (>100 beds) hospitals in Metro Manila, Philippines, from July to November 2017, 

during the high transmission of DF cases. Metro Manila was chosen due to an increase in the 
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number of DF cases (15.5% increase compared with previous year [28]) from 1 January to 6 

May (morbidity week, 1–18), which was one of the highest rates in the country in 2017 [29]. 

Simultaneously, healthy grade 3 to 12 students, whose ages were similar with the cases, 8 to 

17 years old, were also recruited to serve as controls. Since some of the patients with DF 

could not answer the test because of sickness, I asked their parents to answer the parent 

version of the screening tool. Thus, I also recruited parents of children whose age and grade 

level matched those of the patients with DF, as controls. I used the 1:1 ratio (one case 

patient/one control) with an assumed odds ratio of ≥2, power (1-β) of 0.80, 0.05 significance 

level, Zscore = 1.96 [30], however, I was able to recruit a large number of controls. I failed 

to match them with the cases to control the confounding effects of age, gender, and grade 

level because availability of controls with matching criteria with the cases was limited during 

collection. While I also acknowledge the importance of obtaining controls in the same 

hospitals as the cases, I opted to sample controls in schools, who, like the cases, were 

students. I assumed that recruiting students as controls would increase our chance to sample 

healthy (no DF (like the cases) or any psychiatric and/or medical conditions) controls to 

investigate the true association between depressive and anxiety symptoms and DF infection. 

2.2. Participant Inclusion and Exclusion Criteria 

Participants were selected based on the pre-determined inclusion and exclusion criteria, 

availability, willingness to communicate their experiences and participate in the study [31–

33]. A semi-structured interview was conducted among pediatric in-patients with 

serologically (laboratory) confirmed or clinically diagnosed DF and healthy school-based 
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controls with no current or existing signs and clinical symptoms or diagnosis of DF. 

Recruitment of the patients and controls was also based on age (age 8–17 years) and grade 

level (grades 3 to 12) criteria of the Revised Child Anxiety and Depression Scale (RCADS-

25), a screening tool for depressive and anxiety symptoms. Eligible participants had no 

history and/or existing diagnosis of psychiatric and/or medical conditions for which they 

received medical advice or treatment prior to the interview. Patients with life-threatening 

comorbidities and controls who were not able to comply with consent procedures were 

excluded. 

2.3. Ethical Considerations and Data Collection Procedures 

Our study was approved by the Research Ethics and Review Unit of San Lazaro Hospital, 

Research Ethics and Technical Committee of Pasay City General Hospital and Planning, 

Development, Education, and Research office of Quezon City General Hospital (ethics 

approval numbers: RERU-SLH 2017-016 E and PGH-RETC-01-0-091417001DENGUE). It 

complied with the ethics guidelines of the Declaration of Helsinki [34], International Council 

for Harmonization-Good Clinical Practice (ICH-GCP) guidelines [35], and National Ethical 

Guidelines for Health Research [36]. I also followed the reporting guidelines of case-control 

studies required by the STrengthening the Reporting of OBservational Studies in 

Epidemiology (STROBE) statement checklist in writing this manuscript (File S1). 

All the participants (especially the patients, and their parents, legally authorized 

representatives (LARs) or caregivers) gave their consent before participating in this study. 

They were asked to read and sign an informed consent form (and assent form for children 
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below 18 years old) in Filipino and were informed that participation in the study was 

voluntary and they may stop their participation at any time. Interviews were rescheduled for 

patients who could not participate due to sickness and severity of symptoms (e.g., intensive 

care unit confinement for severe dengue patients). In some cases, a parent, LAR or caregiver 

was asked to complete the forms and the RCADS-25-parent version for their children. 

Recruitment and interviews of patients were done by a primary investigator who underwent 

ICH-GCP guidelines training and with supervision from co-investigators (e.g., physicians, 

nurses) at each hospital. A psychologist and a guidance counselor recruited and interviewed 

the controls. A semi-structured interview (consistent pre-determined instructions, questions, 

and standardized screening tool) was done among all the participants to keep the data free 

from inconsistencies, incomplete responses, and biases. All forms and tests with confidential 

information of the participants were coded. Participants were informed about their scores on 

the tests, and a consent for further psychiatric assessment was solicited from those whose 

scores suggested a need for clinical intervention during follow-up and those who reported 

other psychiatric manifestations during the onset of the infection. 

2.4. Forms and Measures 

2.4.1. Explanatory Variables 

Socio-demographic profile, clinical parameters and symptoms: Socio-demographic 

profile included age, civil status, gender, educational attainment, occupation, family’s 

monthly income. and living arrangements. For age, I adjusted the age–disease association 

data (simple clustering method: k-means) which closely matched the accepted Medical 
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Subject Heading (MeSH) ranges, into three age groups: 8–11, 12–14, and 15–17 based on 

the age criteria of RCADS-25 [37]. Income of the participants was identified by the help of 

their parents, guardian or LAR using the clusters from the indicative range of monthly family 

incomes (for a family of 5) in 2015 and 2017 [38]. However, I decided to have two clusters 

(above and below 10,000 pesos) as most of the patients had income below 10,000 pesos. 

I also collected clinical information from the patients that included admitting diagnosis 

information, self and family history of DF, serologic test results (non-structural protein 1 

antigen (NS1Ag) and BLOT: immunoglobin G antibody (IgG) and immunoglobin M 

antibody (IgM)) and laboratory data (i.e., complete blood count (CBC) with platelet count). 

The inclusion of family DF history was to investigate whether a previous diagnosis or history 

of DF in a family is associated with increased depressive and anxiety symptoms scores 

among the patients with DF. Clinical DF diagnosis was made under the following 

circumstances in three categories: probable (lived or traveled to endemic areas, has fever, 

and two DF symptoms); dengue hemorrhagic fever (DHF) with or without warning signs 

(abdominal pain, vomiting, mucosal bleeding, lethargy, liver enlargement (>2 cm), decreased 

platelet count or thrombocytopenia); and severe dengue (severe plasma leakage, hemorrhage, 

and organ impairment) [1]. These were used to identify the patient’s current dengue infection 

phase (acute, febrile–critical, and recovery phase). Acute phase is the onset of high-grade 

fever and other warning signs (e.g., headache, myalgia, arthralgia, nausea and vomiting, 

mucosal bleeding, and thrombocytopenia) usually lasting for a week. Some patients may 

develop rashes, signaling the beginning of the recovery phase [1]. During this phase, well-
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being improves, some warning signs tend to abate, and platelet count typically starts to rise 

[1]. Clinical symptoms or warning signs were also queried. 

2.4.2. Response Variables 

The Revised Child Anxiety and Depression Scale (RCADS) is an assessment tool for 

screening depressive and anxiety symptoms in children and adolescents [39]. I used the 

RCADS-25 (25 items), the shorter version of RCADS-47 developed by Chorpita et al. [39], 

with child and parent versions [40]. The child version was administered to pediatric patients 

and controls, whereas the parent version was administered to parents of pediatric patients 

who could not complete the child version due to sickness and other comorbidities. RCADS-

25 has two scales: depression (10 items) and anxiety (15 items); items were rated on a 4-

point Likert-scale from 0 (“never”) to 3 (“always”) and were scored and interpreted using a 

“t-score” [40]. T-scores are transformed raw scores used to obtain a normal distribution with 

a maximum score of 80. A t-score of 65 means borderline and a t-score of 70 means clinical 

threshold [40]. The t-scores were adjusted for gender (girl and boy) and grade level (grade 3 

to 12); the child version has different t-scores from the parent version [40]. Both depression 

and anxiety scales have good internal consistency (Cronbach’s alpha) of α = 0.78 and α = 

0.88 in clinical and general or school-based populations [37–41]. This tool has been reported 

to be a cross-culturally reliable measure of depressive and anxiety symptoms for children and 

adolescents [42]. 

Both RCADS-25 child and parent forms were translated to Filipino (Tagalog) by 

independent bilingual translators and was then face, content, and construct validated by 
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experts [43]. Then it was pilot tested among selected clinical and school-based samples. 

When a consensus was reached, it was translated back to English by bilingual translators. I 

calculated the internal consistency (Cronbach’s alpha) of the RCADS-25 child and parent 

forms in Filipino, and results evidenced an acceptable internal consistency which ranged 

from α = 0.70 to α = 0.80 in clinical samples and α = 0.73 to α = 0.83 in school-based samples, 

but were not included in the final analysis. 

RCADS-25 was used to screen the presence of depressive or anxiety disorder symptoms 

and not to diagnose disorders associated with the mentioned symptoms. Thus, I 

recommended further psychiatric assessment among patients whose scores suggested the 

presence of borderline or clinical levels of depressive and anxiety symptoms. 

Self/parent-reported psychiatric manifestations: Patients and their parents/guardians 

were also asked to report other psychiatric manifestations that they observed during the onset 

of the disease and hospitalization through a structured interview based on the diagnostic 

criteria of depressive and anxiety disorders of the Diagnostic and Statistical Manual of 

Mental Disorders 5th Edition (DSM-V) [44]. Similar to the results of the RCADS-25, patients 

who reported the presence of psychiatric symptoms were also recommended for further 

psychiatric assessment. 

2.5. Statistical and Data Analysis 

Statistical analyses were conducted using the Statistical Package for Social Sciences 

version 25 (IBM Corp., Armonk, NY, USA). The Chi-squared test was used to test the 

significant differences between the groups in terms of their socio-demographic profile and in 
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the prevalence (%) of pediatric patients and controls with borderline or clinical depressive 

and anxiety symptoms. Odds ratio effect sizes were also computed to measure the differences 

in the proportion of those with depressive and anxiety symptoms among pediatric and 

controls. An independent t-test (2-tailed) was also conducted to test the significant 

differences in the mean depression and anxiety scores (t-scores) between the two groups. I 

also reported the effect sizes of the mean differences between the two groups in depressive 

and anxiety symptoms by calculating Cohen’s d, Glass’ delta, and Hedges’ g effect size 

estimations. Multiple linear regression was done by inputting all variables (dummy variables 

(i.e., 0 or 1) for categorical variables) in the model using a stepwise method in forward 

selection to identify significant (p < 0.05) predictors of depressive and anxiety symptoms. 

Patients’ reported psychiatric manifestations were translated into English by an independent 

bilingual translator and were analyzed using content analysis, a method that can identify 

patterns across qualitative data (words or phrases) that can be counted (frequency) for 

quantitative analyses [45–47]. 

3. Results 

3.1. Socio-Demographic Profile, Clinical Parameters, and Symptoms 

Initially, 625 participants (pediatric patients n = 321; controls n = 304) were recruited in 

the study, but only 485 (pediatric patients n = 225; controls n = 260) were found eligible, 

complied to the informed consent procedures, and participated in this study. Among the 225 

data collected from the patients with DF, 155 (68.9%) were from pediatric patients with DF 

and 70 (31.1%) were from parents of other patients with DF who could not answer the  
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Table 4.1. Socio-demographics, clinical parameters, and clinical symptoms of pediatric 

patients with dengue fever (DF) and controls. 

Socio-Demographic Profile 
Patients Controls X2 
n = 225  n = 260  p-Value 

Gender 
Male 120 (53.3) 133 (51.2) 0.65 

Female 105 (46.7) 127 (48.8)  

Age 

8–11  71 (31.6) 132 (50.8) <0.001 

12–14  67 (29.8) 61 (23.5)  

15–17  87 (38.7) 67 (25.8)  

Education 

Grade School 78 (35.6) 132 (50.8) 0.004 

Junior HS 106 (48.4) 94 (36.2)  

Senior HS 35 (16.0) 34 (13.1)  

Income (₱) 
≤10,000 PHP 171 (83.4) 21 (9.0) <0.001 

≥11,000 PHP 34 (16.6) 213 (91.0)  

Household size 
≤5 members 110 (53.12) 209 (88.6) <0.001 

≥6 members 97 (46.9) 27 (11.4)  

Clinical Parameters  

Medical diagnosis 

Clinical 24 (10.7)   

Probable 23 (10.2)   

DHF w/ws 172 (76.4)   

Severe dengue 6 (2.67)   

Days in the hospital 
≤2 days 150 (66.7)   

≥3 days  46 (20.4)   

DF history 
Had DF 11 (4.89)   

First-time 185 (82.2)   

Family DF history 
None 135 (60.0)   

≥1 member/s had DF 59 (26.2)   

Dengue phase 
Acute  179 (79.6)   

Recovery 46 (20.4)   

Dengue tests 

(−) NS1Ag  59 (26.2)   

(+) NS1Ag 39 (17.3)   

(−) IgG 21 (9.33)   

(+) IgG 39 (17.3)   

(−) IgM 48 (21.3)   

(+) IgM 12 (5.33)   

Clinical Symptoms  

Headache Symptomatic 35 (15.6)   

Fever Symptomatic 38 (16.9)   

Nausea and vomiting Symptomatic 55 (24.4)   

Retro-/peri-orbital pain Symptomatic 16 (7.11)   

Myalgias & arthralgias Symptomatic 48 (21.3)   

Abdominal pain Symptomatic 87 (38.7)   

Petechiae (rash) Symptomatic 96 (42.7)   

Thrombocytopenia ≤9900/mm3 143 (63.5)   

DF—dengue fever; HS—high school; ₱—Philippine peso (52.16 USD = 1 ₱); 

Acute—febrile to critical phase; ws—warning signs; DHF—dengue hemorrhagic 
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fever; (+)—positive; (−)—negative; NS1Ag—non-structural protein 1 antigen; 

IgG—immunoglobin G antibody; IgM—immunoglobin M antibody. 

screening tool. Similarly, the 260 data collected among controls were from 220 (84.6%) 

students and 40 (15.4%) parents of children who had the same age and grade level as the 

patients with DF. The profile of the participants is shown in Table 4.1. 

The two groups had significantly different proportions and distributions in terms of their 

age, education, income, and households. In terms of gender, the two groups were 

significantly the same, where both had nearly the same distribution (50%) of each gender. 

Pediatric patients had a mean age (M) of 10.96 and a standard deviation (±) of 2.95 years, 

53% were males, the majority had DHF with warning signs (76.4%) and were in the acute 

(febrile–critical) phase of DF (79.6%) of the infection. Thrombocytopenia (low platelet 

counts) and petechiae (rashes) were the most commonly reported symptoms among the 

patients. The controls, male (n = 133) and female (n = 127), had a mean age of 12 (±2.8) 

years. 

3.2. Prevalence and Mean Score Differences of Depressive and Anxiety Symptoms 

More pediatric patients with DF (13.3%) had borderline or clinical depressive symptoms 

than controls (3.5%). Similarly, a significant proportion (34.2%) of pediatric patients with 

DF compared with controls (n = 42; 16.2%) had borderline or clinical anxiety symptoms. 

Chi-squared analyses also revealed that pediatric patients with DF had a significantly (p ≤ 

0.001) higher prevalence of depressive and anxiety symptoms than the controls, as shown in 

Table 2. This represents the fact that based on the odds ratio, pediatric patients were 4.3 times 
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more likely to have depressive symptoms and 2.7 times more likely to have anxiety 

symptoms than controls. Moreover, when I compared the mean scores of the participants, 

pediatric patients had significantly (p ≤ 0.001) higher mean depressive and anxiety mean 

scores than controls (also shown in Table 4.2). The significant effects in the differences 

between the mean scores also represented a fairly substantial medium effect sized estimations 

in depression (r = 0.30–0.32) and anxiety (r = 0.30–0.34) between the two groups based on 

Cohen’s d, Gates’ delta, and Hedges’ g effect size estimations. 

 

Table 4.2. Prevalence and mean score differences of depressive and anxiety symptoms 

between pediatric patients with DF and controls. 

Symptoms 

Prevalence Mean Score Difference 

Patients 

(n = 225) 

Controls 

(n = 260) 
X2 

Patients 

(n = 225) 

Controls 

(n = 260) 

t-Test  

(2-Tailed) 

n (%) n (%) p-Value Mean (SD) Mean (SD) p-Value 

Depressive symptoms 30 (13.3) 9 (3.5) <0.001 52.3 (9.87) 49.3 (8.64) <0.001 

Anxiety symptoms 77 (34.2) 42 (16.2) <0.001 59.3 (11.5 55.8 (9.34) <0.001 

 

3.3. Predictors of Depressive and Anxiety Symptoms 

The multiple linear regression analysis (Table 4.3) showed significant (p < 0.001) 

regression models in depressive and anxiety symptoms. Although the coefficients (R2) were 

low (<1), significant predictors like the presence of myalgias and arthralgias and a family 

history of DF were found to increase the depressive symptoms score, whereas ≤2 days of 

hospitalization and age (older) both increased anxiety symptom scores among pediatric 

patients with DF. 
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Table 4.3. Predictors of depressive and anxiety symptoms among pediatric patients 

with DF. 

Outcome Variables Predictors R2 β 
Predictor 

p-Value 

Model 

p-Value 

Depressive symptoms 
Myalgias and arthralgias 0.07 4.87 0.002 <0.001 

Family history of DF  3.19 0.028  

Anxiety symptoms 
Age 0.15 1.26 <0.001 <0.001 

Days in the hospital (≤2 days)  1.26 0.005  

β—beta coefficients; DF—dengue fever. 

3.4. Self/Parent-Reported Psychiatric Manifestations 

Table 4.4 shows the results of content analysis on the reported psychiatric manifestations 

during the onset of infection. Our quantitative analysis shows that 60 (26.7%) pediatric 

patients with DF had irritable mood or irritability, agitation, visual hallucinations, and 

aggressiveness during the onset of dengue infection. However, the reports of these 

manifestations were not sufficiently intense and not clinically assessed by a psychiatrist 

(patients’ unwillingness to be referred) to qualify for an anxiety disorder or depressive 

disorder due to the span (less than six months) of time these symptoms were present among 

the patients. 

4. Discussion 

Results show that the prevalence of depressive (13.3%) and anxiety (34.2%) symptoms 

among pediatric patients with DF was significantly (p ≤ 0.001) higher than that among 
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Table 4.4. Self/parent-reported psychiatric manifestations among pediatric patients with 

DF using content analysis and quantitative analysis. 

Manifestations (In Filipino) * English 
Translation/Meaning 

Patterns 
(DSM-V) a 

Pediatric 
Patients 
(n = 60)  

Mainit ang ulo Irritable mood Irritable mood 24 (40.0) Mainitin ang ulo Irritable 
Irritable Irritable 

Irritability 12 (20.0) Naiirita Irritable 
Bugnutin Quick-tempered 

Worry Worry 

Worry 2 (3.3) Kinakabahan o natatakot 
Nervous/fear that 

something awful might 
happen 

Nag-Hallucinate noong nilalagnat Hallucination 

Hallucination 4 (6.7) Isip-bata Childish 
Hindi kami kilala; iba ang nakikita niyang 

mukha noong nilalagnat Visual hallucination 

Madalis magalit Easily-angered/agitated 

Agitation 9 (15.0) Pikon Easily angered by jokes or 
jests, touchy 

Masungit Ill-tempered, short-
tempered/agitated 

Aggressive Aggressive Aggression 4 (6.7) Sumisigaw Shouting 
Hindi Nagsasalita Does not talk Quiet 2 (3.3) Tahimik Quiet 

Tinatamad Laziness 

Fatigue 2 (3.3) Matamlay 

Listless: seeming too tired 
to care about anything, 
not interested in things, 
not caring to be active 

Nanghihina Feeling weak 

Mahirap kausap Hard to talk with Hard to talk 
with 1 (1.67) 

* Responses in Filipino (Tagalog) language were analyzed and translated to English 

by an independent bilingual translator; a based on the Diagnostic and Statistical 

Manual of Mental Disorders 5th Edition (DSM-V) diagnostic criteria for depressive 

and anxiety disorders. 

controls (3.5% and 16.2%, respectively). Similarly, analysis of mean scores also showed that 

pediatric patients had significantly (p ≤ 0.001) higher depressive and anxiety mean scores 

than controls. The regression model identified that the presence of myalgias and arthralgias, 
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family history of DF, ≤2 days of hospitalization, and age (older) were significant (p ≤ 0.001) 

predictors of increased depressive and anxiety symptoms among pediatric patients with DF. 

Additionally, 26.7% of pediatric patients with DF also reported psychiatric manifestations 

like irritability, agitation, visual hallucinations, and aggressiveness during the onset of the 

infection. 

To our knowledge, this study is one of the very first reports to measure the prevalence 

of depressive and anxiety symptoms among patients with DF; more so, among pediatric 

patients with DF compared it to controls with the use of a standardized self-report screening 

tool. The study also provided an initial investigation on the predictors of anxiety and 

depressive symptoms among pediatric patients with DF by including clinical data (e.g., DF 

history, serologic test results, DF symptoms). This study also extends previous quantitative 

and qualitative (case studies) studies by using a standardized screening tool and structured 

interview in collecting information on the presence of psychiatric manifestations during the 

onset of infection. Thus, the combination of these quantitative and qualitative techniques was 

also considered as one of the strengths of this study. 

The difference between the prevalence of depressive and anxiety symptoms between 

pediatric patients and controls may have been brought about by the presence of pain related 

to myalgia and arthralgia which was one of the predictors of increased depressive symptom 

scores. The presence of these symptoms has been reported to be the result of inflammatory 

cytokines, such as Interleukin-1 beta (IL-1 β), Interleukin-2 (IL-2), and Interleukin-6 (IL-6) 

[48]. These cytokines were found to be of significantly higher levels among children and 

adolescents with major depressive disorder (MDD) compared with healthy controls [49–52]. 
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Thus, I propose that the presence of these cytokines, which were absent among controls, may 

explain the possible presence and increased levels of depressive symptoms among pediatric 

patients during DF infection.  

Predictors like ≤2 days of hospitalization and family history of DF, may also explain the 

increased depressive mood and anxiety symptoms among pediatric patients compared to that 

of controls. High depressive and anxiety symptoms during the ≤2 days of hospitalization 

would have been aggravated by the pediatric patients’ fear of medical settings and receiving 

medical care as common symptoms of anxiety [53]. Children usually report medical 

procedures, such as drawing of blood, as traumatic and seeing medical professionals as 

traumatic as well [54]. Further, family history of DF also tended to increase depressive 

symptoms among pediatric patients with DF. An indicator of anxiety disorders in children is 

worrying about multiple issues like future events [55], for instance, contracting DF. This can 

be linked to a painful past experience, such as a family member diagnosed with, and 

hospitalized due to, DF. Observing the severity and seriousness of symptoms, the level of 

associated pain may have affected patients’ perception of the disease and thus their response 

may have presented as depressive symptoms. Unlike controls, pediatric patients with DF 

were anxious of hospital conditions like limited food options, limited physical activities, 

limited time playing with friends, and being absent in school [56,57]. 

Opposite to the results of our previous study which found that as the age of pediatric 

patients with DF increased, their attitude towards DF decreased [58], this present study found 

that as their age increased, their anxiety also increased. Thus, their knowledge about their 

disease, rather than their attitude towards it, may explain this finding. It has been reported 
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that children and adolescents with chronic illnesses have limited knowledge of their 

conditions and perceive their diseases differently from a much older population [59,60]. 

Thus, older children who have more of an ability to correctly understand the meaning of their 

disease and its severity, had higher anxiety symptoms than the younger ones. 

Our study also extends previous studies which reported adult patients with DF had 

auditory and visual hallucinations, agitation and delusional fears, irritable affect or behavior, 

persecutory delusions, and psychotic episodes during DF infection [7,12]. Our results 

confirm that pediatric patients with DF also exhibit psychiatric manifestations during DF 

infection. Although these manifestations were not qualified to be considered as depressive 

and anxiety disorder symptoms due to the duration of their presence, it still confirms that 

these symptoms also impact children with DF. I found out that 26.7% of pediatric patients 

with DF reported irritable mood/irritability, visual hallucination, agitation, and 

aggressiveness. Children are more likely to be irritable, agitated and report possible delusions 

or hallucinations which are symptoms of MDD [53,61], than older patients. Irritability which 

is an overlapping symptom among children and adolescents [55], is also a diagnostic criterion 

for anxiety disorder, for MDD and for disruptive mood dysregulation disorder of the new 

DSM-V and oppositional defiant disorder (ODD) of the International Classification of 

Disorders (ICD-11) among children [62]. Further, hallucinations are key features of 

psychotic conditions and acute neurological states, such as encephalitis, and are often 

presented with delirium and delusions which are more prevalent in children than adults [63]. 

Since these results were not confirmed by a psychiatric assessment, studies that include 
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clinical assessment by a psychiatrist and evaluation through imaging techniques may help 

shed light on whether these symptoms are associated with DF infection virus or not. 

The low consent rate (<1%) for referral to further psychiatric assessment to assess the 

false positive and negative responses of the patients in the screening tool and reported 

psychiatric symptoms, has highlighted how patients view mental health disorders. This may 

be affected by cultural orientation and perception of depressive and anxiety symptoms and 

treatment-seeking response among patients with DF in this study. In the Philippines for 

example, as a collectivist-oriented culture [64], with greater social support and where family 

and wider society are more highly considered than one’s own self, a lower tendency to 

develop depressive disorder symptoms can be expected [65]. Moreover, many cultures view 

mood disorders as a social and moral problem associated with stigma and loss of reputation, 

not as mental health problems [66]. These conditions are perceived as a moral or character 

development that requires self-mastery and endurance and help or treatment with medication 

is seen as unnecessary [67]. 

I also identified a number of limitations in our methods: failure to match cases with 

controls, income and hospital setting, time of collection and lack of further psychiatric 

assessment by a psychiatrist. First, I failed to match pediatric patients with DF and controls 

at least by age which decreased the ability of our study to draw generalizable conclusions 

from the findings. As I mentioned, matching cases and controls was difficult due to the 

limited number of eligible controls. Second, the inclusion of public tertiary hospitals limited 

the study findings to low-income families, thus, future studies may include patients admitted 

to private hospitals to see whether income and hospital setting are confounding the 
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relationship between depressive and anxiety symptoms and DF infection. Third, this study is 

limited only to DF cases during the peak transmission or rainy seasons from July to 

November. Thus, the results that patients with DF had high depressive and anxiety symptoms 

during this time may not apply to other periods where there is low transmission of DF. Future 

studies may rely in comparing patients interviewed during the high transmission season and 

patients interviewed during low transmission season in order to investigate whether results 

collected may be generalizable in any period of time and not due to the panic and alarm 

brought by a large number of DF cases. The fourth and the most important, was the lack of 

further psychiatric assessment by a psychiatrist to confirm the scores (false positive 

responses) in RCADS-25 and the reported psychiatric manifestations. Other than the scores 

in RCADS-25, I had no other means to encourage them to seek further psychiatric 

assessment.  

5. Conclusions 

Our study highlights that there was a high prevalence of depressive and anxiety 

symptoms among pediatric patients with DF compared with controls, due to social and 

clinical factors which might be associated with DF infection. I also learned that pediatric 

patients with DF also exhibit psychiatric manifestations such as irritable mood/irritability, 

visual hallucination, agitation, and aggressiveness like adult patients with DF which has been 

reported in previous studies. Thus, it is important to screen patients with DF for these 

psychiatric symptoms, and if necessary, healthcare professionals must refer and encourage 

them to seek help to avoid long-term post-DF chronic psychiatric complications in the future. 
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However, information on whether these symptoms are present only during the infection and 

may disappear on their own or may still persist after the infection, is unknown. Thus, 

longitudinal post-DF recovery studies would provide information on the possibilities that 

these symptoms may or may not develop to subsequent chronic psychiatric conditions in the 

future. Most importantly, this study provides benchmark information on the possible causal 

or direct link between depressive and anxiety symptoms and DF infection among pediatric 

patients with DF, yet, there is insufficient evidence to draw conclusions. Thus, the potential 

trauma of hospitalization and not directly DF infection, may have caused the increased 

depressive and anxiety symptoms among the pediatric patients with DF. Therefore, future 

studies must distinguish between children’s adverse reactions to hospitalization and 

psychiatric symptoms due to DF. While RCADS-25 is widely used and psychometrically 

salient, the lack of further psychiatric assessment among patients with borderline or clinical 

depressive and anxiety symptoms and who reported the presence of other psychiatric 

symptoms, hindered us to conclude whether these symptoms were directly due to DF 

infection or not. More so, determining whether the findings may only be specific to pediatric 

patients with DF infection or may be extended to children with other serious infectious 

diseases in general, also remains unknown and needs further studies. 
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Chapter 5 

Integrated mHealth App for Dengue Reporting and Mapping, Health 

Communication, and Behavior Modification: Development and 

Assessment of Mozzify 

Abstract 

Background: For the last 10 years, mobile phones have provided the global health community 

with innovative and cost-effective strategies to address the challenges in the prevention and 

management of dengue fever. Objectives: The aim is to introduce and describe the design 

and development process of Mozzify, an integrated mobile health (mHealth) app that features 

real-time dengue fever case reporting and mapping system, health communication (real-time 

worldwide news and chat forum/timeline, within-app educational videos, links to local and 

international health agency websites, interactive signs and symptoms checker, and a hospital 

directions system), and behavior modification (reminders alert program on the preventive 

practices against dengue fever). I also assessed Mozzify in terms of engagement and 

information-sharing abilities, functionality, aesthetics, subjective quality, and perceived 

impact. Methods: The main goals of the Mozzify app were to increase awareness, improve 

knowledge, and change attitude about dengue fever; health care-seeking behavior; and 

intention-to-change behavior on preventive practices for dengue fever among users. It was 

assessed using the Mobile Application Rating Scale (MARS) among 50 purposively sampled 

individuals: public health experts (n=5), environment and health-related researchers (n=23), 

and nonclinical (end users) participants (n=22). Results: High acceptability and excellent 
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satisfaction ratings (mean scores ≥4.0 out of 5) based on the MARS subscales indicate that 

the app has excellent user design, functionality, usability, engagement, and information 

among public health experts, environment and health-related researchers, and end users. The 

app’s subjective quality (recommending the app to other people and the app’s overall star 

rating), and specific quality (increase awareness, improve knowledge, and change attitude 

about dengue fever; health care-seeking behavior; and intention-to-change behavior on 

preventive practices for dengue fever) also obtained excellent satisfaction ratings from the 

participants. Some issues and suggestions were raised during the focus group and individual 

discussions regarding the availability of the app for Android devices, language options 

limitations, provision of predictive surveillance, and inclusion of other mosquito-borne 

diseases. Conclusions: Mozzify may be a promising integrated strategic health intervention 

system for dengue fever case reporting and mapping; increase awareness, improve 

knowledge, and change attitude about dengue fever; and disseminating and sharing 

information on dengue fever among the general population and health experts. It also can be 

an effective aid in the successful translation of knowledge on preventive measures against 

dengue fever to practice. 

 

1. Introduction 

For the last 10 years, mobile phones have provided the global health community with 

innovative and cost-effective strategies to address the challenges in the prevention and 

management of dengue fever [1]. Dengue fever, which is considered an international public 
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health concern, especially in tropical and subtropical countries, puts an estimated 2 to 3.97 

billion people at risk of hospitalization and even death [2,3]. 

Mobile health (mHealth) is a concept that uses mobile communication devices, such 

as mobile phones, to deliver services through mobile apps [1]. Apps are specialized software 

programs that are often equipped with the capability to link to internet sources and services, 

including health care providers [1]. App-enabled mHealth is emerging as the driver for next-

generation telemedicine and telehealth [1]. However, there is a lack of apps that address the 

prevention and control of dengue fever with relevant studies. 

To our knowledge, only one app has been developed with relevant studies, Mo-Buzz. 

It is a mobile pandemic surveillance system for dengue fever with three main components: 

predictive surveillance, civic engagement, and health communication [4,5]. These 

components address the three main limitations in the control and management of dengue 

fever: (1) use of traditional epidemiological methods (eg, failure to identify the “turning point” 

of the outbreak leads to vector control measures such as carpet-combing [“search-and-

destroy” mosquito breeding sites] near or at the peak of transmission be less impactful [6]), 

which leads to reactive or poor disease monitoring and surveillance; (2) lack of participation 

from the public; and (3) lack of effective and interactive health education for the public, 

which prevents successful translation of awareness or knowledge into actions [4]. 

Although Mo-Buzz was found to play a significant role in the management and 

control of dengue fever, I have developed a different mobile app, Mozzify, which offers an 

integrated mHealth system to address the challenges in dengue fever prevention and 

management. It has three components: real-time surveillance, health communication, and 
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behavior modification. The main component is the real-time surveillance feature for 

reporting and mapping dengue fever cases (both laboratory-confirmed hospital and probable 

dengue fever cases) and mosquito bites. Compared with Mo-Buzz, Mozzify reports and maps 

dengue fever cases and mosquito bites in real time (versus predictive surveillance) through 

an online Web map system. There is a lack of spatiotemporal data for dengue fever cases; 

the data from the real-time surveillance will serve as springboard data for combined 

predictive and real-time reporting and mapping features of the app in the future. These will 

be helpful to identify dengue fever hotspots (locations with high incidences of dengue fever 

cases), so health officials can deliver prompt and early warning communication as well as 

awareness to the public who are at risk of contracting the disease. Another difference is that 

Mozzify not only allows reports of probable cases of dengue fever and mosquito bites but 

also allows reporting of laboratory-confirmed dengue fever cases. Kao et al [7] recommended 

the introduction of a holistic surveillance system (eg, clinical, serological, and virological) to 

prevent large-scale epidemics and severe dengue fever cases. The study also recommended 

the use of a geographical information system for spatial analysis and epidemic prediction 

models [7]. 

Another difference of Mozzify from Mo-Buzz is the inclusion of some features in the 

health communication component. I have developed a system that reports real-time 

worldwide news about dengue fever and other mosquito-borne diseases; within-app 

educational videos on the diagnosis, treatment, and management of dengue fever and control 

of vector mosquitoes; links to websites of local and international health agencies; and a real-

time timeline chat forum for sharing information among users. These features aim to increase 
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the public’s awareness of the signs and symptoms, treatment, and management of dengue 

fever as well as the prevention and control of vector mosquitoes. 

In addition to these features that center on real-time data, two other unique features 

of Mozzify that differentiate it from Mo-Buzz are the signs and symptoms checker and the 

interactive hospital directions. I designed a system that lets users check their signs and 

symptoms of dengue fever and identify the hospitals that have dengue fever express lanes 

and cater to Dengvaxia-vaccinated individuals. The aim is to not only inform users about the 

signs and symptoms of dengue fever but also motivate their health care-seeking behavior, 

which is based on the health belief model. 

The health belief model is a widely used social cognition model to predict health 

behaviors. This model suggests that a change in behavior or action can be expected if a person 

perceives themselves to be at risk or susceptible to the disease (perceived susceptibility), that 

the disease will have serious consequences (perceived severity), a course of action will 

minimize consequences (perceived benefits), and the benefits of action will outweigh the cost 

of barriers (perceived barriers) and self-efficacy [8]. However, barriers to sustained self-

prevention against dengue fever are caused by a lack of self-efficacy, lack of perceived 

benefit, and low perceived or unsure susceptibility [9]. People who perceive themselves at 

risk of dengue fever visit a health care provider promptly compared with those who perceive 

the opposite [10]. Health care-seeking behavior is also greatly influenced by the inadequacy 

of primary health care facilities in giving adequate services to dengue fever patients [11]. 

More importantly, what makes Mozzify different from Mo-Buzz is the inclusion of behavior 

modification as an important component to address the poor translation of awareness or 
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knowledge of the different preventive practices against dengue fever into actions. To address 

this, I added a feature that allows users to choose and add items on the list of preventive 

practices against dengue fever and directly transmit it to the built-in iPhone iOS Reminders 

app to set-up dates and locations of alerts. It has been reported that epidemiology is strongly 

associated with human habits and activities [12]. Kumaran et al [13] and Shuaib et al [14] 

reported that knowledge of the causes, signs, symptoms, mode of transmission, and 

preventive practices against dengue fever is not correlated with the practice of preventive 

measures against dengue fever. Thus, health programs should be designed to focus on 

translating knowledge into better and effective practices against dengue fever through 

behavior change. Many programs continue to focus only on changing people’s knowledge or 

raising awareness rather than physical activity programs, which are more successful at 

producing behavior change [15]. I have used the concept behind Communication for 

Behavioral Impact (COMBI), a comprehensive strategy that uses communication for 

knowledge to have a significant effect on behavioral change (making people aware, informed, 

convinced, and decide to act, then repeating and maintaining that action) to increase the 

practice of preventive measures against dengue fever [13,16]. 

This paper aims to describe the design and development process of the Mozzify app. 

I will also assess it in terms of engagement and information-sharing abilities, functionality, 

aesthetics, subjective quality, and perceived impact among public health experts, 

environment and health-related researchers, and nonclinical or general public participants 

(end users). I hypothesize that the participation and acceptance rates (user’s intention to use 

the app) among the participants will be high due to the app’s relevance to the dengue fever 



102 
 

control and health communication program. I also hypothesize that the majority of 

participants will perceive that users will have increased awareness, improved knowledge, and 

changed attitudes about dengue fever, which will increase health care-seeking behavior and 

behavior change (on preventive practices against dengue fever) through the use of the app. 

 

2. Methods 

2.1. Mozzify App Design and Development 

Mozzify is an integrated mHealth app for dengue fever cases reporting and mapping, 

health communication, and behavior modification. It was developed for the iOS mobile 

phone platform using Xcode (versions 10.1 to 11.0) software in Swift (versions 4.2 to 5) 

programming language. The name, Mozzify, is based on the word mosquito because its 

primary purpose is to collect and disseminate information about dengue fever, which is a 

viral infection transmitted by mosquitoes. 

Mozzify has three components: (1) real-time dengue fever cases reporting and 

mapping, (2) health communication, and (3) behavior modification. These components were 

matched to three main goals: (1) increase awareness, improve knowledge, and change 

attitude about dengue fever; (2) increase health care-seeking behavior; and (3) increase 

intention-to-change behavior on preventive practices against dengue fever. Figure 5.1 shows 

the app’s three components and goals with its corresponding features. Screenshots of some 

of the features are shown in Figure 5.2. 
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Figure 5.1. Mozzify’s three components with their corresponding features and goals.  

DF: dengue fever; DOH: Department of Health; WHO: World Health Organization. 

 

Sign-Up 

Sign-up required users to provide information (eg, username and photo [optional], 

email, and password) to access the app’s features. The app collects, stores, and uses 

personally identifiable information through Firebase, a third-party service provider that 

serves as our database. The app will collect, store, and use some identifiable information 

from users to provide its services; therefore, I generated our own privacy policy and terms 

and conditions (see the Mozzify app user guide Multimedia Appendix 1). Agreement to these 

was necessary to proceed with sign-up. 
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Figure 5.2. Screenshots of the Mozzify app. (a) Real-time dengue fever cases and mosquito 

bite reporting and mapping, (b) dengue fever hotspots, (c) within-app educational videos, 

(d) worldwide news and health agencies websites, (e) chat forum (timeline), (f) symptoms 

checker, (g) hospital directions, and (h) reminders alert program. 
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Component 1: Real-Time Dengue Fever Cases Reporting and Mapping System 

The main feature of this app is the real-time reporting and mapping of dengue fever 

cases and mosquito bites through ArcGIS Online. ArcGIS Online is an online, cloud-based, 

collaborative and configurable Web geographical and information system that allows 

developers to use, create, analyze, and share maps in mobile apps [17]. To use the ArcGIS 

Online features in our app, I configured the source code provided by Data Collection.NET, 

which required the installation of ArcGIS Runtime SDK (version 100.5) [18]. Configuration 

involved registration of our own ArcGIS Portal app, modifying the project in reference to 

our app, and licensing it for deployment [19]. The map shows real-time probable and 

laboratory-confirmed dengue fever cases and mosquito bite reports in pins. Probable cases 

are in blue pins, confirmed dengue fever cases are in red pins, and mosquito bite reports are 

in orange pins. Users will be able to report a probable case or a mosquito bite incidence, 

which they can pin at their current location (or any other location). In reporting, users can 

disclose their personal information (eg, name, home address, and age) and attach images. The 

map also shows the location (barangay or village) with high dengue fever incidences by color 

using the ArcGIS analysis feature. This feature assigns a darker color to a location with high 

dengue fever incidences by counting the number of pins (confirmed and probable dengue 

fever cases) within its boundary. This analysis is done on a daily basis. 

 

Component 2: Health Communication 

The unique parts of the health communication component are the dengue fever 

warning signs and symptoms checker and the hospital directions feature. Users can answer 
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26 simple questions (three questions per symptom) in each symptom (eg, Do you have fever? 

If yes, for how many days? What is your average temperature?), and the app alerts the user 

if the symptoms need prompt clinical attention by a physician. I formulated the questions and 

set an algorithm based on the clinical diagnosis, treatment, and management guidelines of 

dengue fever to allow the app to analyze whether the user needs to go to the nearest hospital 

to receive prompt clinical assessment by a health professional based on their answers (eg, a 

fever above 41°C for four days requires immediate clinical assessment by a physician) [2]. 

If the user’s symptoms require prompt medical assessment by a physician, the app sends an 

alert that the user needs to go to the hospital. Then the app will present a map that shows the 

user’s current location and the nearest hospitals. I collected the coordinates (latitude and 

longitude) of each hospital and pinned them as an annotation in the map using Google Maps. 

Once the user clicks a pin of a hospital, the app then shows the directions from their current 

location to the chosen hospital. In this trial, I selected random nearby hospitals to show the 

app’s feature. The app is intended to be trialed in the Philippines; therefore, I used the list of 

the hospitals from the Department of Health that has dengue express lanes (including for 

Dengvaxia-vaccinated individuals who might need immediate medical assistance and free 

hospital services) [21]. This feature aims to increase health care-seeking behavior among 

users by encouraging them to go to the hospital to seek medical help from health care 

professionals and not to self-diagnose or, more importantly, cause a panic. 

The app contains different online-sourced, evidence-based, local and international 

guidelines on the control, prevention, diagnosis, and treatment of dengue fever in PDF 

(portable document format) files [2,22-25]. Users can also watch predownloaded videos in 
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English and Filipino (Tagalog) on the dengue fever virus, symptoms, diagnosis, and 

treatment available. I also used news Application Programming Interface (API), a free, open-

source, and noncommercial API that collects news from our set request parameters (eg, 

keywords: mosquito, dengue fever) and shows users the latest international and local news 

from almost 30,000 news sources and blogs on dengue fever and other mosquito-borne 

diseases, such as malaria, zika, chikungunya, and Japanese encephalitis. The app also shows 

the websites of international and local health agencies, such as the World Health 

Organization and Department of Health, which give the users information on key facts, 

prevalence, treatment, immunization, prevention, and control guidelines and programs on 

dengue fever [26,27]. The app’s health communication feature was also designed to let users 

exchange and share posts on events, concerns, and questions on dengue fever through a chat 

forum (timeline) by using the Firebase online database. Altogether, these aim to increase 

awareness, improve knowledge, and change attitudes about dengue fever. 

 

Component 3: Behavior Modification (Preventive Practices Against Dengue Fever) 

Another component of the app is the behavior modification feature, which includes 

the Reminder alerts program based on COMBI. This is expected to develop or improve users’ 

behavior on practicing preventive measures against dengue fever. COMBI is a 

comprehensive strategy that uses communication for knowledge to have a significant effect 

on behavioral change (making people aware, informed, convinced, and then deciding to act, 

and repeating and maintaining that action) or increase practices against dengue fever [13,16]. 

The app has a list of practices against dengue fever based on international and local guidelines 
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on prevention, management, and vector control programs [2,22-25]. The user has the option 

to select and add practices according to their needs or preference. After selection, the app 

adds all the items to the built-in iOS Reminders app on their mobile phones. In that app, users 

can set the priority and edit when (eg, time, day, and frequency [daily, weekly, or monthly]) 

and where (radial location settings) they want alerts. 

 

2.2. Testing and Assessment 

This study was written and conducted in accordance with international guidelines: 

the Declaration of Helsinki [29] and the International Council for Harmonization Good 

Clinical Practice guidelines [30]. The protocol was approved by the Ethics and Review 

Committee of Ehime University, Japan (ethics review approval number: K19-001). The app 

was tested in July 2019 after the completion of its development. 

This study involved 50 purposively sampled participants grouped into three 

subgroups who tested the app: (1) public health experts (n=5), (2) environment and health-

related researchers (n=23), and (3) nonclinical users (n=22). The participants were selected, 

recruited, and grouped according to the set inclusion criteria. Public health experts were 

academic and clinical research experts working directly on prevention, control (including an 

ArcGIS mapping expert), and clinical management of dengue fever. Environment and health-

related researchers were university-based researchers working on vector-borne diseases and 

water ecology. Both the public health experts and environment and health-related researchers 

were from countries where dengue fever is prevalent (eg, the Philippines and Indonesia). The 

third subgroup, nonclinical, were considered as end users and had no comprehensive 
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knowledge of or experience with dengue fever. A few information technology and computer 

science researchers were also included in the environment and health-related researchers and 

nonclinical groups. 

All participants were aged 18 years and older, with sound psychological conditions, 

who were able to read and understand the informed consent contents, and used an iPhone 

mobile phone of any model with iOS of 11.0 and above. Initially, when found eligible, 

participants were asked to sign an informed consent sheet. Of the 50 participants, 36 (72%) 

were invited for either a focus group or an individual discussion session to provide more 

comprehensive qualitative feedback, whereas others, who were mostly in the nonclinical 

group, were invited by email (n=14). All participants were asked to install the app on their 

mobile phones after a Web-based invitation by downloading Test Flight, the beta testing 

feature of the Apple Inc developer program. After installation, all participants were asked to 

use the app by following the instructions in the user’s guide (see Multimedia Appendix 1), 

which was available in print and on a website. 

Participants were asked to complete the Mobile Application Rating Scale (MARS). 

Their responses were automatically stored in the password-protected database, and each 

participant was given a unique code to protect their identity. MARS is a 23-item test that uses 

a 5-point scale (1=inadequate, 2=poor, 3=acceptable, 4=good, 5=excellent), which assesses 

the app quality on three subscales: objective quality, subjective quality, and app-specific 

quality [31]. The objective quality subscale has 19 items that are clustered into four parts: 

engagement (fun, interesting, customizability, interactivity, and well-targeted to audience), 

functionality (functioning, easy-to-learn, navigation, flow logic, and gestural design), 
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aesthetics (graphic design, overall visual appeal, color scheme, and stylistic consistency), and 

information quality (containing high-quality information from a credible source) [31]. The 

subjective quality subscale has four items that measure the user’s desire to recommend the 

app to others, use the app for short or long term, and overall star rating of the app [31]. The 

app-specific subscale was modified based on the perceived impact of the app on the user’s 

awareness and knowledge (dengue fever symptoms, hospitals that cater to dengue fever 

patients, dengue fever hotspots, dengue fever prevention and treatment), attitudes (perceived 

risk or susceptibility, perceived severity, benefits and barriers, and self-efficacy), help-

seeking behavior (health care-seeking behavior), intentions, and actual change of behavior in 

practicing preventive measures against dengue fever. Scoring was done by calculating the 

mean score of each subscale, adding them together, and dividing by four (four subscales) to 

get the app quality mean score, four (four items) to get the app subjective quality mean score, 

or six (six items) to get the app-specific mean score [31]. Irrelevant items were one item in 

the information subscale (if the app underwent evidence-based trial/test) and one item in the 

subjective quality subscale (Would you pay for this app?) and these were not included in the 

analysis (app has not been trialed/tested and will not be sold). MARS has an excellent total 

score internal consistency level Cronbach alpha (α=.90) and excellent level of interrater 

reliability (two-way mixed interclass correlation coefficient [ICC]=0.79, 95% confidence 

interval [CI] 0.75-0.83). Its subscales also had very high internal consistencies that ranged 

from alphas of .80 to .89, and fair to excellent interrater reliabilities (ICC 0.50-0.80, median 

0.65) [31]. The MARS form is available in Multimedia Appendix 2. 
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2.3. Data Analysis 

Statistical analysis was conducted using SPSS version 25 (IBM Corp, Armonk, NY, 

USA). I calculated the mean scores of each subscale in the app objective quality scale and 

each item in the app subjective scale. The app subjective quality scale was reported as 

individual items and by mean score. Comments and suggestions in the focus group and 

individual discussions were analyzed, and similar or overlapping topics were grouped into 

different themes. 

 

3. Results 

A total of 50 individuals, aged from 19 to 45 years and mostly males (60%, 30/50), 

participated in the app testing. All participants I approached and recruited agreed to test the 

app and answer the scale; the majority (78%, 39/50) attended the focus group and individual 

discussions. This indicates excellent acceptability and nonwithdrawal rates among experts, 

health researchers, and the general public or end users. In all, 68% (34/50) were able to install 

the app on their mobile phones, whereas the rest used our available prototypes. 

 

3.1. App Objective Quality 

Mozzify was assessed using the MARS app objective quality, which has four 

subscales: engagement, functionality, aesthetics, and information. Figure 5.3 shows the mean 

score ratings of the public health experts, environment and health-related researchers, and 

nonclinical or general public participants. Mozzify received high (≥4 out of 5; 74%, 37/50) 

satisfaction mean ratings in all four subscales among the participants, with the highest mean 
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score ratings (mean 4.3, SD 0.2) for items relating to the app’s functioning, easiness to learn, 

navigation, flow, logic, and gestural design, graphic design, overall visual appeal, color 

scheme, and stylistic consistency, and for containing high-quality information from a 

credible source. A mean rating of 4.2 (SD 0.2) was obtained for items relating to the app 

being fun, interesting, customizable, interactive, and well-targeted to the audience. 

 

 
 
 
 
 
 
 
 
 
 
 

 

Figure 5.3. Mean scores of app objective subscales based on the Mobile Application Rating 

Scale (MARS) from public health experts, environment and health-related researchers, and 

nonclinical participants. 

 
 
3.2. App Subjective Quality 

Public health experts, environment and health-related researchers, and nonclinical 

participants had similar satisfaction mean ratings (mean 4.0, SD 0.4) in the app subjective 

quality subscale, as shown in Figure 4. Specifically, items about recommending the app to 

other people and the app’s overall star rating had relatively high satisfaction mean ratings of 
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4.2 (SD 0.2), whereas the item on using the app in the next 12 months obtained the lowest 

satisfaction mean rating of 3.4 (SD 0.3) among the participants. All participants reported that 

they would recommend the app to people who might benefit from it. All public health experts 

and a majority of the environment and health-related researchers (86.9%, 20/23) and 

nonclinical participants (77.3%, 17/22) perceived that the app was relevant to them and they 

would use it 3 to more than 50 times in the next 12 months. Public health experts gave the 

app the highest overall star rating of 4.4 (SD 0.5), whereas both environment and health-

related researchers and nonclinical participants gave it 4.1 (SD 0.7 and 0.8, respectively). 

 

3.3. App-Specific Quality 

The MARS app-specific quality subscale items were modified based on the 

components and goals of the app, which were to increase awareness, improve knowledge, 

change attitudes about dengue fever, and increase intention to change and help-seeking 

behavior among users. The item on increasing users’ knowledge or understanding of dengue 

fever symptoms, hospitals that cater to dengue fever patients, dengue fever hotspots, and 

dengue fever prevention and treatment obtained an excellent satisfaction average mean rating 

of 4.7 (SD 0.3) (Figure 5.4). Items on increasing user awareness of the importance of 

addressing dengue fever symptoms, hospitals that cater to dengue fever patients, dengue 

fever hotspots, dengue fever prevention and treatment, and encouraging users to seek clinical 

assessment when they have dengue fever symptoms (if required) obtained an average 

satisfaction mean rating of 4.5 (SD 0.3 and 0.1, respectively) from all participants. Moreover, 

items on changing users’ attitudes toward improving practices against dengue fever and 
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increasing users’ intentions or motivation to address behavior change (practicing preventive 

measures against dengue fever) obtained overall mean ratings of 4.4 (SD 0.3) and 4.3 (SD 

0.3), respectively, among the participants. In general, the app obtained a high satisfactory 

mean rating of 4.5 (SD 0.1) in the app-specific quality subscale among the participants. 

 

 
 
 

 

 

 

 

 

 

Figure 5.4. Mean scores of app objective, subjective, specific, and general rating based on 

the Mobile Application Rating Scale (MARS) from public health experts, environment and 

health-related researchers, and nonclinical participants. 

 
3.4. Focus Group and Individual Discussions 

Approximately 78% (39/50) of participants were able to attend the focus group and 

individual discussions. Five public health experts were able to participate in the focus group 

discussion. All found the app useful and were positive about its concept, components, and 

goals. However, three issues were raised during the session. The first issue was the 
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availability of the app for iOS (iPhone) mobile phones only. Participants mentioned that it 

would be better if the app was also available for Android so that everyone with a mobile 

phone could use it. The second issue was the app was only available in English, and it should 

also be available in other languages. This would allow the app to be distributed in many 

countries where dengue fever is highly prevalent. Lastly, one expert mentioned about the 

ability of the app to do predictive surveillance and identify dengue fever hotspots based on 

past annual dengue fever incidence reports and not only based on the number of pins in a 

location (barangay or village). 

Environment and health-related researchers also had positive feedback about the app. 

They found the app concise and relevant, interesting, and convenient. Some perceived that 

the app was effective in reducing the number of dengue fever patients, and it would help 

increase user’s awareness of dengue fever, especially those who live in tropical and 

subtropical countries with high numbers of dengue fever cases. Although the majority of the 

environment and health-related researchers mentioned that the app was easy to use, some 

suggested that it should include a within-app user’s guide (eg, pop-ups or labels). Two other 

suggestions were raised about increasing the engagement ability of the app: (1) the app 

should include games so people will use it daily and (2) it should include other mosquito-

borne diseases (eg, zika, chikungunya, Japanese encephalitis, and malaria) in the real-time 

reporting and mapping feature of the app. Similar to the public health experts, they also 

suggested that the inclusion of many languages other than English is highly desirable. 

The nonclinical group, who were considered the end users, found the app excellent, 

useful, exciting, interesting, and helpful for countries that suffer from dengue fever outbreaks. 
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They perceived the app was able to improve their knowledge, attitudes, and awareness by 

seeing the pictures of symptoms, videos, dengue fever hotspots, and nearby hospitals that 

cater to dengue fever patients. Specific suggestions were mentioned about the technical and 

functional details of the app that needed polishing and revisions (eg, buttons and gestures). 

 

4. Discussion 

I have introduced and described the design and development process and the testing 

of the functions and features of Mozzify. Results show that it obtained excellent acceptability 

and satisfaction ratings based on the MARS app quality subscales among the participants. 

This indicates that it has good user design, functionality, usability, engagement, and contains 

a relevant information system. The app subjective ratings also indicate that the experts and 

users are more likely to recommend the app to others and more likely to use it frequently in 

the future. Moreover, based on the specific quality subscale ratings of the participants, the 

app achieved what it intended to achieve. It could be a highly effective tool in increasing 

user’s knowledge and awareness of dengue fever symptoms, hospitals that cater to dengue 

fever patients, dengue fever hotspots, and dengue fever prevention and treatment; changing 

user’s attitudes about dengue fever and its symptoms; and encouraging users to seek clinical 

assessment when they have dengue fever symptoms (if required). It also indicates the app 

can improve users’ practice of measures against dengue fever, and increase users’ intentions 

or motivation to address behavior change by practicing preventive measures against dengue 

fever. 
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Based on the focus group and individual discussions, participants found the app 

concise, relevant, interesting, convenient, excellent, useful, and exciting. Some perceived 

that the app is effective in reducing the number of dengue fever patients, and it will help 

increase user’s awareness of dengue fever, especially those who live in countries with high 

incidences of dengue fever cases. They also perceived that the app was able to improve their 

knowledge, attitudes, and awareness of dengue fever. Although participants were positive 

toward the app, some issues were also raised: the availability of the app on iOS (iPhone) 

mobile phones only, language option limitations, the need for a within-app user’s guide (eg, 

pop-ups or labels), and polishing of the app’s technical and functional details (eg, buttons 

and gestures). Some suggestions were also given by the participants: the use of predictive 

surveillance, inclusion of other mosquito-borne diseases in the real-time reporting and 

mapping feature, and use of games to increase usability and engagement among users. 

I have only managed to do minimal revisions (simpler log-in and sign-up pages and 

pin legend in the map screen) in the design of the app for an immediate trial and assessment 

in the Philippines. 

 

5. Conclusion 

I have developed and designed a mobile app, Mozzify, which obtained excellent 

acceptability and ratings (mean scores ≥4.0 out of 5) based on the MARS subscales among 

health experts and researchers and the general public, which indicate that it is ready for 

another trial among a larger population in the Philippines. It may be a promising integrated 

strategic health intervention system for reporting and mapping dengue fever cases; increasing 
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awareness, improving knowledge, and changing attitudes about dengue fever; and 

disseminating and sharing information on dengue fever among the general population and 

health experts and for the knowledge on how to prevent dengue fever to be successfully 

translated to practice. 

I have started to collect data on the longitudinal spatial analysis of dengue fever 

hotspots in the Philippines as a provision for a predictive surveillance feature, and the 

inclusion of other mosquito-borne diseases in the reporting and mapping system in the future. 

Thus, I also plan to design an alert system on the map that would warn users when they enter 

or when they are near a barangay/village or area with a high incidence of dengue fever cases 

and mosquito abundance. I also working on developing an Android version of the app, more 

language options, and the possible inclusion of games to increase usability and engagement 

among users in the future. Our aim is that Mozzify will address the lack of available apps for 

the control and prevention of dengue fever not only in the Philippines but also in other 

countries with dengue fever and other mosquito-borne diseases worldwide. 
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Chapter 6 

Testing and Assessment of Mozzify, the First Integrated mHealth App for  

Dengue Fever in the Philippines 

 

Abstract 

Background: Philippines recently declared a national dengue fever (DF) epidemic. Yet, to 

our knowledge, there is no available integrated mhealth app for dengue fever that includes 

all the appropriate surveillance methods in early detection of disease outbreaks in the country. 

Objectives: This study aimed to test and assess the Mozzify app among health experts and 

general public in terms of the Mobile App Rating Scale (MARS) subscales: objective quality 

(engagement, functionality, aesthetics, information), app-subjective and app-specific 

qualities and compare the total app mean score ratings by socio-demographic profile and self 

and family DF history to see what factor is associated with high app mean score rating. I also 

conducted individual interviews and focus group discussions among the participants, and 

analyze their comments and suggestions to help structure further improvement and future 

development of the app. Methods: I have tested and assessed Mozzify, among health experts 

and members of the general public using the Mobile Application Rating Scale (MARS) 

professional and user versions (uMARS). I compared the total app mean score ratings by 

socio-demographic and DF history using mean difference analyses. Content analysis was 

used to analyse the topics raised in individual interviews and focus group discussions. 

Results: In total, I have recruited 979 participants (health experts n = 94; general public n = 

885) which indicates high participation rate. Mozzify also had high acceptance rate among 
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the participants as indicated by the high mean score ratings (>4 out of 5) in the MARS’ and 

uMARS’ app quality, subjective and specific scales, with the highest mean score ratings in 

information and functionality subscales, recommending app to others, and improving 

knowledge and awareness regarding DF and help-seeking items. Mean difference analyses 

revealed that total app mean score ratings were the same across ages and gender among health 

experts and general public. Similar results were found across income categories, and self and 

family DF history but not gender, among the general public. Content analyses of the topics 

discussed in the individual interviews and focus group discussions revealed eight major 

themes: positive comments regarding the app’s concept, design, information and features; 

suggestions on adding features like multi-language options and including other diseases; 

Android version availability; improvements on the app’s content, design and engagement; 

inclusion of users from low-income and rural areas; Wi-Fi connection and app size concerns, 

and; data credibility, and user security and privacy issues.Conclusions: This study confirms 

that Mozzify is a promising integrated strategic health intervention and surveillance system 

for reporting and mapping DF cases, increasing awareness, improving knowledge, and 

facilitating behavior change (practicing preventive measures against DF). It can be used by 

users of any age (>18 years), socioeconomic status and DF history. However, in spite of its 

many strengths and unique features, improvements that are tailored to the needs of the 

intended users should still be done without compromising their security and privacy. Mozzify 

could be an appropriate surveillance method in early detection of disease outbreaks in the 

Philippines and other countries where DF is endemic. 
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1. Introduction 

 In 1953, the first dengue hemorrhagic fever outbreak was reported in the Philippines 

[1]. Since then, it has been a leading public health burden in all regions of the country, 

especially Metro Manila or the National Capital Region (NCR), the capital region of the 

Philippines [2, 3]. In 2015, Metro Manila, was one of the three regions which had the highest 

number of dengue fever cases (25,208) according to the Weekly Disease Surveillance Report 

of the Epidemiology Bureau of the Department of Health (DOH) [4]. Three years later, in 

2018, where majority (13%) of the 216,190 cases were from NCR, which accounted for a 

42% increase compared with 2017 (152,224 cases) [5]. Moreover, a total of 1,083 deaths 

were reported last year, of which, 17% were from NCR [5]. 

 This year, approximately 106,630 dengue fever cases and 456 deaths were reported 

in the Philippines from January 1 to June 29 (morbidity week 1 to week 26) which indicates 

an 85% increase in DF cases during the same period in 2018 (57, 564 DF cases) [6]. It was 

found higher than the alert and epidemic thresholds [6]. Thus, the DOH declared a National 

Dengue Alert on 15th July 2019 [7] which was followed by the declaration of a National 

Dengue Epidemic on 6th August 2019 [8]. As of August 17, 2019, the cases and deaths 

continued to rise to 229,736 and 958 respectively, 107% higher than the same period in 2018 

[9].  

Early detection and effective control of epidemics depend on appropriate surveillance 

methods [10]. However, Philippines relies its DF surveillance system on passive surveillance 

method which mainly depends on notifications from barangay/village health centers, 

municipal or city health offices, hospitals and clinics, and quarantine sections [11,12,13]. 
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This limits the reports to cases that are clinically diagnosed without laboratory confirmation 

[11] which is only a portion (14.3%) of the dengue cases [11,14]. This leaves those patients 

with undifferentiated febrile illness or viral syndrome underreported, thus, limits our 

capability to predict or control epidemics [15].  

 The main aim of public health surveillance is to monitor dengue transmission 

accurately which will trigger the necessary effective preventive measures and programs to 

prevent occurrence and spread of diseases [15]. Recently, the use of mhealth (mobile health) 

technology, mobile apps specifically, has been gaining prominence as a potential surveillance 

system that meet the need for real-time disease surveillance and timely identification of 

epidemics [10, 16]. Mohanty et al [10] found 26 apps relevant to epidemic surveillance which 

are mostly free of charge and provide real-time tracking and interactive maps. However, they 

also found some limitations: majority are in Android platform only and focus on a single 

disease (mostly influenza), some were country and language-specific and had narrow 

applicability and, only a few are tailored for health professionals [10]. Thus, there is a 

pressing need to develop an app that not addresses these limitations. 

 I have developed Mozzify, a free app that features real-time reporting and mapping 

of dengue cases, comprehensive health communication and evidence-based behavior 

modification system, tailored for the general public and healthcare professionals. It is an 

integrated mhealth because it combines appropriate surveillance methods in early detection 

of disease outbreaks: indicator-based surveillance (IBS) and event-based surveillance (EBS) 

[10]. It includes healthcare professionals from clinics, hospital and other healthcare facilities 

in reporting laboratory confirmed DF, which is the provision of IBS [10, 17]. Moreover, it 
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also uses ArcGIS’ spatial analysis feature to identify DF hotspots, which is also an IBS 

method (sentinel surveillance) [10, 18]. It also includes reporting and mapping of patients 

with probable or suspected (with clinical symptoms) dengue fever through the use of its 

interactive symptoms checker, which is the provision of the syndromic surveillance, also an 

IBS method [10, 17, 19]. Finally, it includes media reports and news, social media 

(timeline/chat forum) and links to websites of international and local health agencies to detect 

and monitor outbreaks which is the provision of event-based surveillance method [10,20]. 

Currently, an Android version of this app is being developed that will also include multi-

language options and a wide-range of mosquito-borne diseases that can be used in mosquito-

borne-diseases-endemic countries worldwide.  

 Mozzify has been pilot tested in Japan and results showed that it has high 

acceptability and excellent satisfaction ratings (mean scores ≥4.0 out of 5) based on the 

Mobile Application Ratings (MARS) subscales [21] among health experts and researchers 

and end-users. It has excellent user design, functionality, usability, engagement, and contain 

evidence-based information [21]. Its subjective quality (recommending the app to other 

people and the app’s overall star rating), and specific quality (increase awareness, improve 

knowledge, and change attitude about dengue fever; health care-seeking behavior; and 

intention-to-change behavior on preventive practices for dengue fever) also obtained 

excellent satisfaction ratings from the participants [21]. Further, the pilot study concluded 

that Mozzify may be promising integrated strategic health intervention system for dengue 

fever case reporting and mapping; increasing awareness, improving knowledge, and 

changing attitude about dengue fever; disseminating and sharing information regarding DF 
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and an effective tool in the successful translation of knowledge on preventive measures 

against DF to practice [21]. Moreover, it was concluded that it was ready for another testing 

and assessment among health experts and the general public in a country where DF is 

endemic like the Philippines. 

 Therefore, the objectives of this study were threefold: a. test and assess the Mozzify 

app among health experts and general public in Metro Manila Philippines, in terms of the 

Mobile App Rating Scale (MARS) subscales: engagement, functionality, aesthetics, 

information, app-subjective and app-specific qualities; b. compare the total app mean score 

ratings by socio-demographic profile (e.g. age, gender, income) and self and family DF 

history to see what factor is associated with high app mean score rating, and; c. conduct 

individual interviews and focus group discussions among the participants, and analyze their 

comments and suggestions to help structure further improvement and future development of 

the app.  

To the best of our knowledge, there is no other available integrated mhealth app for 

dengue fever that includes all the appropriate surveillance methods in early detection of 

disease outbreaks. Thus, this app will be the first to be tested and introduced in the Philippines, 

specifically Metro Manila, more so, during an outbreak. Hence, I hypothesized that the 

participation and acceptance rates (user’s intention to use the app), and app mean score 

ratings among the participants will be high due to the app’s relevance to the current dengue 

fever outbreak. I also hypothesized that the total app mean score ratings will be the same 

across ages, gender, income categories, and self and family DF history which indicate that 

the app is acceptable among users of any age group, gender, socioeconomic status, and DF 
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history. Lastly, the individual interviews and focus group discussions would yield similar 

results as our pilot study. However, I also hypothesized that it will produce more 

comprehensive and meaningful results that will reveal the app’s strengths and weaknesses in 

an actual environment and real condition. 

 

2. Methods 

2.1. Ethical considerations and participant’s eligibility criteria 

 This study was written and conducted in accordance with international guidelines: 

the Declaration of Helsinki [22] and International Council for Harmonization Good Clinical 

Practice guidelines [23]. The protocol was approved by the Ethics and Review Committee of 

Trinity University of Asia (TUA) (ethics review approval number: 2019-28-Herbuela-

VPAA-Mozzify-v1). The app was tested in August to mid-September 2019 during the 

dengue fever outbreak in the Philippines, wherein Metro Manila was one of the most affected 

regions [9]. A sample size of 385 (5% margin of error, 95% confidence level (a = 0.05; 

critical value/Z-score of 1.96) was the minimum recommended size for this study based from 

the 13,698,889 estimated population of Metro Manila [24]. All participants were aged 18 

years and older, with sound psychological condition, able to read and understand the contents 

of the informed consent and the questionnaire. Initially, when found eligible, participants 

were asked to sign an informed consent sheet. All forms that contain participant information 

were coded and stored in a password-protected database. 
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2.2. Socio-demographic and DF history profile  

 Socio-demographic information like age, gender, civil status, their family’s monthly 

income. Age was clustered according to the minimum (18 years old) and maximum (53 years 

old) ages of the participants with an equal interval size of 5 (e.g. 18-22, 23-27, etc.) except 

for the 48 to 53 age group which has 6 interval size. Family monthly income was identified 

using the clusters from the indicative range of monthly family incomes (for a family of 5) in 

2015 and 2017 [25]. However, I’ve decided to have six clusters in 10,000-peso interval size 

(e.g. ≤10,000, 11,000-20,000, etc.). I also asked the participants about their self and family 

history of DF. The inclusion of self and family DF history was to investigate whether a 

previous diagnosis or history of DF in a family would be associated with higher total mean 

score app ratings among the participants. Majority of health experts only disclosed 

information about their age and gender, thus, I decided not to include income, and self and 

family DF history in the mean score difference analyses.  

 

2.2. Testing procedures 

 Mozzify is tailored for health experts and the general public, thus, I involved them in 

this study. Health experts were those who work on health and health-related disciplines in 

the academic setting (e.g. professors, clinical instructors, etc.), hospital (e.g. physicians, 

nurses, medical technologists, etc.), research-based setting (e.g. scientists in research centers 

or institutes) or social setting (e.g. non-government organizations (NGO)-based healthcare 

volunteers)). General public were mostly students recruited from a university and others were 

community-based samples. 
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 The first phase of the testing was usability testing which was done to investigate the 

user-Mozzify interaction in terms of the Mobile Application Rating Scale (MARS) (functions, 

engagement, design, information, subjective and specific qualities) in the field or actual 

environment [26,27]. Since it was difficult to recruit participants, especially community-

based ones, who were available and willing to join, I decided to include mostly students as 

end-users. Mozzify app was rated age12+ by Apple developer program which means that the 

app is suitable for children from 12 years old and above. 12 years was also the median age 

of the cases during the outbreak [7]. These indicate that including children from this age 

group was recommended, however, it was difficult because most of the secondary schools 

that I approached don’t allow the students to bring or use mobile phones during class hours. 

Thus, university students were the best option. The inclusion of students as members of the 

general public allowed us to manage unpredictable conditions which will limit user’s 

participation (e.g. interference in daily household or work activities) if the testing was done 

in a community. They were also more available, knowledgeable of apps and mobile 

technology, can easily understand the questions in the questionnaire, have more app user 

experience and voluminous which could be easily grouped together for focus group 

discussions.  

 All participants were asked to install the app in their mobile phones, otherwise, they 

were asked to use the available prototype. Individual user experience session was done 

among the health experts. Most of them either downloaded the app or used the prototype and 

only a few was recruited using web-based invitations. Among the general public, in most 

cases when there were only few of them who could install the app in their mobile phones and 
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there were no strong and stable WIFI connection available, I did a series of investigator-

facilitated user experience sessions. The investigator used screen projection method in 

showing the actual mobile app and its functions to the participants and let them perform the 

tasks based from a predetermined checklist that were matched with the functions of the app.  

 

2.3. Assessment and interviews 

  The second phase of testing was the use of a standardized self-administered 

questionnaire. I used the two versions of the Mobile Application Rating Scale, the 

professional version (MARS) and the user version (uMARS) [26, 28]. MARS is a 23-item 

test that was given to the health experts, while the uMARS, a shorter version (20 items) was 

given to the general public [28]. Three items that required professional expertise in MARS 

were removed in uMARS [28]. uMARS was also simplified using plain English with a 

required reading level of that among grade 8 [28]. Both versions use a 5-point scale 

(1=inadequate, 2=poor, 3=acceptable, 4=good, 5=excellent) to let the participants assess the 

app in terms of objective quality, subjective quality, and app-specific quality [26,28]. The 

objective quality subscale is divided into four subscales: engagement, functionality, 

aesthetics, and information quality [26]. The subjective quality subscale has four items that 

measure the user’s desire to recommend the app to others, use the app for short or long term, 

and overall star rating of the app [26]. The app-specific subscale was modified based on the 

perceived impact of the app on the user’s awareness and knowledge on and attitudes toward 

dengue fever, help-seeking behavior, intentions, and actual change of behavior in practicing 

preventive measures against dengue fever. One item in the subjective quality subscale 
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(Would you pay for this app?) was not included in the analysis because the app will be 

available to the public for free. Both MARS and uMARS had excellent internal consistency 

level Cronbach alpha (α=.90) [26,28]. 

 The third phase was interview, wherein health experts were invited for an individual 

interview to provide more comprehensive qualitative feedback. The general public, who were 

mostly students were invited for focus group discussions. All the individual interviews and 

focus group discussions were done by one trained investigator who was guided with 

preselected questions (semi-structured) to ensure consistency in the data and simpler analysis.  

 

2.4. Data Analysis 

 Statistical analysis was conducted using SPSS version 25 (IBM Corp, Armonk, NY, 

USA). I calculated the mean scores of each subscale in the app objective quality scale and 

each item in the app subjective scale. The app subjective quality scale was reported as 

individual items and by mean score.  

I also computed for the total app mean score ratings which I used to investigate the 

differences in means within each category of socio-demographic and DF history variables. I 

used nonparametric Mann-Whitney U test for dichotomous (2 categories: gender, self and 

family DF history) variables and Kruskal-Wallis test for multi-categorical variables (age and 

income), as Shapiro–Wilk and Kolmogorov–Smirnov normality tests revealed that the scores 

were not normally distributed (p < 0.001). Comments and suggestions in the individual and 

focus group discussions were analysed, and similar or overlapping topics were quantified and 
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grouped into different themes. Inputs from those who had incomplete responses (who were 

excluded) in the MARS questionnaire were still included in the content analysis. 

 

3. Results 

3.1. Socio-demographic and DF history profile  

 I was able to recruit 1,000 (health experts, n = 100; general public, n = 900) 

participants which was more than the recommended minimum number of samples for this 

study (389). This indicates that Mozzify has high participation rate among the target 

participants that I approached. However, I have excluded those who had incomplete 

responses (health experts, n = 6; 6%; general public, n = 15; 1.67%). Thus, data from 979 

(health experts, n = 94; general public, n = 885) participants was included in the final analysis. 

The general public, who were mostly females (70%; 560/799) had ages between 18 and 48 

years old with a mean (M) age of 19.8 years and a standard deviation (SD) of 3.0 years as 

shown in Table 6.1. Out of 885 members of the general public, only 461 (52.1%, 461/885) 

disclosed information about their socio-demographic profile. Of which, 131 (28%) belong to 

a family with monthly income of ≥50,000 pesos, 43% (128/321) had DF before, and 76% 

(247/327) had family member/s who had DF before. The data collected from the health 

experts was limited to age (ages 19 to 53 years old (M = 1.8 years; SD = 11.1 years) and 

gender (51.2% males, 44/86) due to majority of them didn’t disclose information about their 

family monthly income, and self and family DF history. 
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3.2. App objective, subjective and specific quality  

 All subscales of the MARS’ app quality scale obtained high mean score ratings (>4 

out of 5) which indicates that Mozzify had high acceptability among health experts and the 

general public as shown in Table 6.2. High mean rating scores (>4.50) was found in 

information subscale (M = 4.56, SD = 0.6) among general public followed by functionality 

(M = 4.2, SD = 0.52) among the health experts. Combined mean score ratings of the two 

groups revealed that information subscale (M = 4.52, SD = 0.66) had the highest mean score 

among the participants. In app-subjective scale, the item recommending app to others 

obtained the highest mean score ratings of 4.61 (SD = 0.6) and 4.59 (SD = 0.69) among health 

experts and the general public, respectively. Thus, this item also got the highest mean score 

rating among the items in app-subjective quality with a combined mean score rating of 4.59 

(SD = 0.69) from the two groups. 

On the other hand, the item, using the app for the next 12 months obtained the 

relatively lowest mean score ratings from the two groups (health experts, M = 3.43, SD = 

0.77; general public, M = 3.67, SD = 0.92). All the items in app-specific scale obtained mean 

score ratings of above 4.40 among health experts and the general public, compared with the 

other subscales which items had mean score rating as low as 3.43. Moreover, improving 

awareness, knowledge and help-seeking behavior and behavior change items obtained 

relatively high (>4.50) mean score ratings among the health experts and general public. 
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Table 6.1. Socio-demographic and DF history profile of health experts and general public 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*₱—Philippine peso (52.16 USD = 1 ₱); DF: dengue fever 
 
  

3.3. Socio-demographics and app mean score rating 

Since majority of health experts only disclosed their age and gender, family monthly 

income, and self and family DF were not included in mean score difference analyses. 

 

Socio-demographic profile 

Health 

experts 

(n = 94) 

General 

public 

(n = 885) 

Combined 

(n = 979) 

 Gender Male 44 (46.8) 239 (27.0) 283 (28.9) 

  Female 42 (43.7) 560 (63.3) 602 (61.5) 

 Age 18-22 6 (6.358) 711 (80.3) 717 (73.2) 

  23-27  25 (26.2) 55 (6.21) 80 (8.17) 

  28-32  17 (18.1) 13 (1.47) 30 (3.06) 

  33-37 13 (13.8) 4 (0.45) 17 (1.74) 

  38-42 6 (6.38) 0 (0.00) 6 (0.61) 

  43-47 5 (5.32) 3 (0.34) 8 (0.82) 

  48-53 5 (5.32) 1 (0.11) 6 (0.61) 

 Income (₱) ≤ 10, 000 PHP  46 (5.20)  

  11 to 20,000 PHP  81 (9.15)  

  21 to 30,000 PHP  91 (10.3)  

  31 to 40,000 PHP  60 (6.78)  

  41 to 50,000 PHP  52 (5.87)  

  ≥51,000 PHP  132 (14.9)  

DF history    

 Self DF history Had DF  140 (15.8)  

 First-time  424 (47.9)  

 Family DF history None  310 (35.0)  

 ≥ 1 had DF  248 (28.0)  
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Education was also not included in the analysis because majority of the general public were 

college students. Among health experts, app mean score ratings were the same across age 

and gender as shown in Table 6.3. In the general public, the app mean score ratings were the 

same across ages, and income categories, and self and family DF history, except gender. I 

found that females had significantly (p<0.001) higher app mean score ratings of 4.48 (SD = 

0.48) than the males (M = 4.34, SD = 0.49).  

 

3.4. Individual interviews and focus group discussions 

Out of 100 health experts, 60 (60%, 60/100) were able to attend the individual 

interviews and all members 900 (100%, 900/900) of the general public attended the focus 

group discussions. A total of 463 topics were collected, analyzed, quantified and grouped 

into major themes as shown in Table 4.4. A total of eight major themes emerged from the 

content analysis: positive comments regarding the app’s concept, design, information and 

features (72.3%); suggestions on adding features like multi-language options and including 

other diseases (11.0%); Android version availability (8.21%); inclusion of users from low-

income and rural areas (3.02%); improvements on the app’s content, design and engagement 

(2.81%); Wi-Fi connection and app size concerns (1.30%); and, data credibility, and users’ 

security and privacy issues (1.08%).  
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Table 6.2. Mean scores of app objective, subjective, and specific quality ratings based on the 

Mobile Application Rating Scale (MARS) from health experts and general public 

 

MARS subscales 

Health 

experts 

(n = 94) 

General 

public 

(n = 885) 

Combined 

(n = 979) 

 Mean (SD) Mean (SD) Mean (SD) 

App-objective quality 4.25 (0.64) 4.47 (0.69) 4.45 (0.69) 

 1. Engagement 4.27 (0.45) 4.39 (0.75) 4.38 (0.73) 

 2. Functionality 4.32 (0.52) 4.46 (0.68) 4.45 (0.68) 

 3. Aesthetics 4.23 (0.48) 4.47 (0.67) 4.44 (0.56) 

 4. Information 4.20 (0.71) 4.56 (0.63) 4.52 (0.66) 

App-subjective quality 4.16 (0.84) 4.17 (0.88) 4.17 (0.87) 

 5. Recommending the app to others 4.61 (0.63) 4.59 (0.69) 4.59 (0.69) 

 6. Using the app for the next 12 months 3.43 (0.77) 3.67 (0.92) 3.65 (0.91) 

 7. Over-all (star) rating of the app 4.45 (0.65) 4.25 (0.74) 4.27 (0.73) 

App-specific quality 4.49 (0.62) 4.55 (0.67) 4.55 (0.67) 

 8. Awareness (DF symptoms, hospital locations, 

hotspots, prevention, treatment) 
4.61 (0.63) 4.61 (0.66) 4.61 (0.65) 

 9. Knowledge (DF symptoms, prevention, 

treatment)  
4.55 (0.63) 4.59 (0.66) 4.58 (0.65) 

 10. Attitude (severity, susceptibility, preventive 

practices against DF) 
4.41 (0.63) 4.42 (0.72) 4.42 (0.71) 

 11. Intention-to-change (preventive practices 

against DF) 
4.43 (0.61) 4.49 (0.67) 4.48 (0.66) 

 12. Help-seeking (for clinical assessment for 

presence of DF symptoms) 
4.56 (0.63) 4.63 (0.63) 4.63 (0.63) 

 13. Behavior change (preventive practices 

against DF) 
4.38 (0.57) 4.57 (0.67) 4.55 (0.66) 

SD: standard deviation; DF: dengue fever;   
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3.4.a. Positive comments 

The major theme that obtained approximately 72.3% (338/463) of the topics 

discussed in individual and group discussions was the positive comments regarding the app. 

Health experts perceived that the app is concise and relevant, very interesting, well-executed 

and informative. They also perceived that the app will be of help to clinicians in improving 

healthcare awareness and services to the people, especially those patients with dengue fever.  

This mobile application is what we need today to raise medical awareness about 

vector borne diseases. This is timely because the country is facing a big dilemma on 

Dengue. Thank you for this one and may this materialize on a larger scale. 

 

I will be more willing to really pay for the app. This is a good move to start an 

advocacy of helping the clinicians to spread health care awareness. 

 

I find this mobile application useful and helpful for our country. This could help 

doctors in locating possible dengue cases, so that proper medical attention will be 

given. 

 

Like the health experts, 75.2% (301/403) of the members of the general public had 

positive comments about the app: user-friendly, useful, educational, innovative, well-

designed, interactive and unique. Some commented about the capability of the app in 

improving the public’s awareness regarding dengue fever.  
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Table 6.3. Total mean scores comparison among health experts and general public by socio-

demographic and DF history  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a: Mann-Whitney u test; b: Kruskal-Wallis test; SD: standard deviation; *₱: Philippine peso 

(52.16 USD = 1 ₱); DF: dengue fever 

 

 
Health experts 

(n = 94) 

General public 

(n = 885) 

Socio-demographic profile Mean (SD) p-value Mean (SD) p-value 

 Gendera Male 4.35 (0.32) 0.14 4.34 (0.52) <0.001 

  Female 4.23 (0.39)  4.50 (0.42)  

 Ageb 18-22 4.42 (0.29) 0.87 4.45 (0.46) 0.69 

  23-27  4.39 (0.31)  4.41 (0.46)  

  28-32  4.32 (0.40)  4.53 (0.43)  

  33-37 4.35 (0.36)  4.65 (0.47)  

  38-42 4.27 (0.58)  0.00 (0.00)  

  43-47 4.22 (0.08)  4.50 (0.34)  

  48-53 4.31 (0.39)  4.23 (0.00)  

 Income (₱)b,* ≤ 10, 000 PHP   4.47 (0.58) 0.11 

  11 to 20,000 PHP   4.46 (0.41)  

  21 to 30,000 PHP   4.43 (0.50)  

  31 to 40,000 PHP   4.39 (0.54)  

  41 to 50,000 PHP   4.32 (0.41)  

  ≥51,000 PHP   4.48 (0.38)  

DF history     

 Self DF historya Had DF   4.43 (0.48) 0.59 

 First-time   4.46 (0.44)  

 Family DF historya None   4.44 (0.46) 0.35 

 ≥ 1 had DF   4.47 (0.43)  
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This app is a small step to fully catch the attention of people who are suffering from 

dengue and other mosquito related illnesses as the country progressively find ways 

to eradicate it for the good of the citizens. 

 

Looking forward to use this app and hoping to be approved by the Department of 

health (DOH) because it really helps in our country to give awareness and knowledge 

about dengue and in future the high increase of dengue cases will be decreased. 

 

I think it's finally time an app for tracking dengue cases becomes a thing. Dengue is 

becoming an epidemic and being able to keep track of it helps people with preventive 

measures. 

 

3.4.b. Suggestions 

There were 51 (11.0%) participants who suggested to include some additional 

features and information that they perceived should be in the app. Of which, 38 (9.43%, 

38/403) were from the general public, and 13 (21.7%, 13/60) were from the health experts. 

Most of the suggestions were about including a feature that would allow users to easily access 

medical services professionals, the need for a multi-language options for the users, adding 

more information (through videos, graphics and PDF files) about vector mosquitoes, 

information about Dengvaxia vaccine, how to prevent or avoid DF, vector-human interaction, 

and including other diseases (e.g. HIV, TB, other mosquito-borne disease and diseases in the 

agricultural sector). Participants also suggested connecting the app to social media like 
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Facebook and Twitter, putting advertisements, adding games, and developing a desktop 

version for hospitals and clinics. These were some of the comments: 

Apply doctors and other clinicians from the hospitals about their schedules and might 

apply for appointment to the available doctor to help out with the symptoms; Try to 

make the services mobile, like delivering of medicines through motorcycle authorized 

riders; Maybe link a feature that can immediately notify the nearby hospital for 

assistance; Add emergency hotlines of nearby hospitals /clinics; Put a tab or an 

option for the people where they can actually talk to a doctor for emergency and 

questions. 

 

Table 6.4. The major themes that emerged from individual interviews and focus group 

discussions among health experts and members of the general public 

Themes 
Health 
experts 

General 
public Combined 

 (n = 60) (n = 403) (n = 463) 
1. Positive comments (concept, 

design, information, features) 
37 (61.7) 298 (73.9) 338 (72.3) 

2. Suggestions (add features: multi-
language, include other diseases, 
alerts, etc.) 

13 (21.7) 38 (9.43) 51 (11.0) 

3. Android version availability 7 (11.7) 31 (7.69) 38 (8.21) 
4. Inclusivity (rural areas, low-income 

families) 
2 (3.33) 12 (2.98) 14 (3.02) 

5. Improvement (content and design, 
engagement) 

 14 (3.47) 13 (2.81) 

6. Wi-Fi connection and app size  6 (1.49) 6 (1.30) 
7. Data credibility, and users’ security 

and privacy 
1 (1.67) 4 (0.99) 5 (1.08) 
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Multi lingual setting would be better for wide range application; Have multilingual 

languages, so a particular country can use their own languages and to understand 

clear and better the use of the app; Have settings for different languages so that 

people who are non-English speaking can use it efficiently 

 

More info about Dengvaxia because a lot of people are getting confused whether the 

vaccine is safe or not; Add a function which is integrate to the 4S program of DOH 

may be in the to do list. 

 

Some information about the host and parasite interaction should be included in order 

for them to visualize more what would be the main reason how these vector-borne 

diseases were transferred and manifested. 

 

This application should also include other diseases caused by mosquitoes; Maybe 

this app can also be applied not only for Dengue Cases or Human Health related but 

also for environmental issues and Disease outbreaks in agriculture sector. 

 

Put advertisement can be good if it endorses medicine for dengue patients; Include 

videos or mini games that would make the app more interactive; A windows/mac 

version should be developed specifically for hospitals and other healthcare 

establishments. 
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3.4.c. Android version 

 One of the major themes that emerged from the individual and group discussion was 

the need for an Android version of the app. A total of 38 (8.21%, 38/463) health experts (n = 

7, 11.7%, 7/60) and general public (n = 31, 7.69%, 31/403) raised concerns regarding the 

need for an Android version of the app. Some of the comments were: 

The application should be available to all and not restricted to iOS only to fully 

utilized its intention to help raise awareness about these diseases cause by 

mosquitoes; The mobile application is commendable. However, this should be 

available for not IOS users so that many will benefit; I hope you first tested in an 

android phone because most of the people in the community has android phones and 

it will really be accessible for them. But overall, I totally liked the app.  

 

3.4.d. Inclusivity  

 Another major theme is the need for inclusivity which were raised by 14 participants 

(3.02%, 14/463). Of which, 12 (2.98%, 12/403) health experts and 2 (3.33%, 2/60) 

commented that the app should bridge the gap between low-income and those who are in 

rural areas and receiving appropriate medical services through the use of the app. Some of 

the comments were: 

The app is very handy and interactive, but I think it’s target audience isn’t the one’s 

who need health teaching about dengue. However, this app could be used by 

healthcare professionals and nursing students like me to document our patients in 
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farther communities who doesn’t have access in healthcare facilities and 

telecommunications.  

 

This is a novel approach to mitigate the barriers between rural areas and healthcare; 

I hope that this application is not only for the people who are in urban areas. Please 

also include the availability for the people in the rural areas that doesn't have 

sufficient signal in the specific areas. 

 

The problem is mostly the people who are in the low status of the community have 

dengue and how will they even access the app? Not everyone has a phone nor the 

knowledge how to do this or download it. This will only help middle class and the 

high class, when it should be helping the low class the most. Hope you can fix this 

issue. It’s for the betterment of everyone. It’s because when you start from the bottom, 

everything will go smoothly to the top. 

 

This will help many families in seeking medical help for their children suffering from 

dengue specially for those unfortunate families; The intention to make this app is nice, 

however, the downside is the most of the low class that were affected by the dengue 

cannot use this app if they have the proper technology. The people living in the line 

of poverty might not be able to access the app immediately and since most people are 

experiencing poverty are the ones most vulnerable to dengue; Need to be access more 

by people ion different social class; An app like this should be for free since most 
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people affected by the disease are on the lower end of social ladder so it would be 

accessible to everyone mostly those in need. 

 

This app needs to be free so all can access it. And have further awareness especially 

the areas living in poverty who do not have access to healthcare 

 

3.4.e. Improvement 

 This theme emerged based on the comments of 14 (3.47%, 14/403) members of the 

general public regrading improving the app’s design, color, mapping system, and making the 

app more interactive. The comments were: 

Enhance the graphics to be more aesthetically pleasing so that many would attract 

to use it often; The app is nice. Though it should be more colorful to attract millennial 

students or even kids/teen; The UI (user-interface) seems pretty bare, so maybe make 

it a bit more appealing; Hope you can make this more colorful and interactive. 

 

Improve the map and pins; The colors used in the mosquito bites probable cases and 

the other should be modified because red and orange kind of looks like the same; 

Please change the color of the pins make it more unique and distinct.  

 

3.4.f. WIFI connection and app size 

Another theme was concerns regarding the limited access to WIFI connection and the 

huge size of the app were raised by 6 (1.49%, 6/403) members of the general public:  
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It is a useful app but what about for people who don’t have strong WIFI connection; 

The app is very useful and quiet fun but what about the people who don’t have strong 

WIFI and people who lives in areas with a lot of mosquitoes; I don't think the app 

will be widely used in the Philippines. Seeing that only 50% of the population has 

access to the internet constantly. 

 

I think there are flaws in a user inputted app in which it may differ on the number of 

users, their responsibility to respond to dengue using this app. I am not sure either if 

the PDFs and the Videos that supposedly can play without internet are required since 

I assume this will take a lot of space within the phone's storage; Possible can you 

make the app smaller in size? 

 

3.5.g. Data credibility, and user security and privacy 

The last, but probably one of the most important themes that emerged was concerns 

regarding data security and privacy issues which was raised by a member of health experts 

(1.67%, 1/60) and 4 (0.99%, 4/403) members of the general public: 

How can we prevent the abuse of misinformation and credibility of the app? How can 

we ensure that no one person is simply placing "pins" just for the sake of it; How will 

you verify if a certain report from the app is accurate and not a troll?; I just think 

that the only problem for me is the credibility of where the source of the mosquito 

bites or cases came from. 
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Concern regarding validation and data privacy act. Accessibility with all which is 

not advisable due to discrimination; Maybe not include the person location some 

people may not want to give the app access to their location; Do not disclose / sell 

information on private companies/third parties. 

 

Surprisingly, one member of the general public suggested a feature that would help 

clinicians to deal with patients psychologically. 

Add a feature on how to deal with patients i.e. psychologically. 

 

4. Discussion 

In total, I have recruited 979 participants which indicate high participation rate among 

health experts and members of the general public. Mozzify also had high acceptance rate 

among the participants as indicated by the high mean score ratings (>4 out of 5) in the MARS’ 

app quality, subjective and specific scales, with the highest mean score ratings in information 

and functionality subscales, recommending app to others, and improving awareness and help-

seeking items. Mean difference analyses revealed that total app mean score ratings were the 

same across ages among health experts and general public. Similar results were found across 

income categories, and self and family DF history but not gender, among general public, 

where females had significantly (p<0.001) higher mean scores than males. Content analyses 

of the topics discussed in the individual interviews and focus group discussions revealed 

eight major themes: positive comments regarding the app’s concept, design, information and 

features; suggestions on adding features like multi-language options and including other 
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diseases; Android version availability; improvements on the app’s content, design and 

engagement; inclusion of users from low-income and rural areas; Wi-Fi connection and app 

size concerns, and; data credibility, and user security and privacy issues.  

This study extends the pilot study that I conducted in Japan by including a 

significantly large sample size in an actual setting like the Philippines where DF is endemic 

[]. To our knowledge, Mozzify is the first mobile app on dengue fever that has been tested 

and introduced in the Philippines, especially in Metro Manila. Our study also provides the 

first report on the perception of intended users (health experts and members of the general 

public) regarding the app’s usability in terms of its functions, engagement, design, 

information, subjective and specific qualities during actual and real conditions, in our case, 

an outbreak.  

The high mean score ratings (>4 out of 5) in the MARS’ app quality scale, specifically 

in information and functionality subscales, indicate that the app contains high-quality 

information from a credible source and excellent functioning, easy-to-learn, navigation, flow, 

logic, and gestural design. In app-subjective scale, the item, recommending app to others 

obtained the highest mean score which indicate that the participants had high desire or 

intention to recommend the app to others. Most importantly, the results in the app-specific 

scale indicate that the app may be successful in achieving what it intends to achieve. First, 

improving user’s awareness and knowledge on DF symptoms, DF hotspots, DF prevention 

and management through the use of its ArcGIS reporting and mapping system with spatial 

analysis, educational videos, worldwide news and links to websites of local and international 

agencies (World Health Organization (WHO) and Department of Health (DOH)), and DF 
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chat forum. Second, it encourages help-seeking (healthcare) behavior among the users 

through its unique and interactive symptoms checker and Google Map-based hospital 

navigation system (hospitals that have DF express lanes and hospitals that cater Dengvaxia-

vaccinated individuals). Third, it improves intentions, and encourages users to develop or 

perform the preventive measures against dengue fever with its iOS-based Reminders alert 

program based on Communication for Behavioral Impact (COMBI). It is a comprehensive 

strategy that uses communication for knowledge to have a significant effect on behavioral 

change (making people becoming aware, informed, convinced, and then deciding to act, and 

repeating and maintaining that action) or increased practices against dengue fever. 

The similar total app mean score ratings across ages among health experts and general 

public indicate that Mozzify is acceptable among users of any age (above 18 years). 

Moreover, the same total app mean score ratings across income categories, and self and 

family DF history among the members of the general public indicate that Mozzify is 

acceptable among users of any socio-economic status, and users who had DF or had family 

member who had DF before or not. Surprisingly, among the general public, females had 

significantly (p<0.001) higher total app mean score ratings than males. Aside from the fact 

that there were more females (6.3%, 560/885) than males (27%, 239/885) among the general 

public, the nearly equal distribution of males and females among health experts may also 

help explain this. Notice that the app mean score ratings between male and female health 

experts were the same. This suggests that the app mean score ratings between female and 

male members of the general public would also be the same if they would have had equal 

sample sizes.  
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The results of the content analyses of the topics from the individual interviews and 

focus group discussions revealed some similarities in the results of the individual and group 

discussions of our pilot study in Japan [21]. Participants found the app concise and relevant, 

very interesting, well-executed and informative, user-friendly, useful, educational, 

innovative, well-designed, interactive and unique. However, they also suggested the need for 

adding features like multi-language options, including other diseases, specifically mosquito-

borne diseases; adding alert system; developing an Android version of the app; and, 

enhancing the app’s engagement ability by adding games. I have mentioned in the first trial 

that I have been planning to design an alert system in the map that would warn the users when 

they enter or when they are near a barangay/village or area with high DF case incidence and 

mosquito abundance. I also mentioned that I have been developing an Android version of the 

app, more language options, and possible inclusions of games to increase usability and 

engagement among users in the future. I have been considering the idea of including other 

mosquito-borne diseases (e.g. Malaria, Zika, Chikungunya and Japanese Encephalitis) in the 

app, hence, the name Mozzify, which was termed after the word mosquito.  

Individual interviews and focus group discussions among health experts and general 

public also introduced some important factors that are need to be considered in the further 

improvement of the app. First, stable Wi-Fi connection is indeed necessary in most of the 

features of the app to function. ArcGIS (Arc Geographic Information System) has an offline 

version of the online map, however, it does not allow users to input mosquito bite reports and 

DF cases. I also addressed this issue by directly installing the educational videos, and online-

sourced evidence-based local and international guidelines on the control, prevention and 
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treatment and diagnosis of DF in portable document format (PDF). However, it increases the 

app’s size, which I also need to address to distribute the app in Apple Store. Second, and 

probably the most important, are issues regarding credibility of user’s data inputs and user’s 

security and privacy. To ensure credibility of data inputs from the users, I have been 

designing the mechanism to include email or phone number verification among users when 

signing up for the app which would allow us to track suspicious accounts. Also, I have been 

planning to connect with and train healthcare workers to confirm inputted data or users within 

their barangays or neighborhood. However, I have contemplating if I need to limit the access 

of the online map that shows DF cases among healthcare providers and local government 

officials to help in proper planning and mitigation with the affected areas. Lastly, one 

member of the general public suggested to add a feature that would help clinicians to deal 

with patients, for example, psychologically. I thought of including this in the feature because 

recently, it has been reported that patients with DF, especially children, experience depressive 

and anxiety symptoms during the onset of DF [30]. Thus, a holistic app that not only focus 

on the physical aspect of DF will be available and of great help to the public, especially 

parents. 

I have identified several imitations of our study. First, the samples were limited to 

members of general public who were above 18 years old, which indicate that adolescents, 

who were also part of the target users, were not represented in this sample. Second, majority 

of the participants, especially the general public were from a private university who belong 

to families with above average income. Although there were participants from low-income 

families, future testing of the app should also include participants from below-average-
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income families. Third, this study only included school-based participants to represent the 

general public. Including community-based participants, both from urban and rural 

communities may also produce different findings and perspective regarding the app. Fourth, 

majority of the general public were not able to install and test the app using their own mobile 

phones. This may have limit them to see the strengths and weaknesses of the app and the 

entire system in general.  

 In conclusion, I have confirmed that Mozzify is a promising integrated strategic 

health intervention system for reporting and mapping dengue fever cases, increasing 

awareness, improving knowledge, changing attitude about dengue fever, and disseminating 

and sharing information on dengue fever among the general population and health experts. It 

may also be an effective strategy for knowledge on how to prevent dengue fever to be 

successfully translated to practice [31]. It could also be used by users of any age group, 

gender, and socio-economic status. I also learned that in spite of its many strengths and 

unique features, improvements that are tailored to the needs of the intended users should still 

be done. This includes adding multi-language options, including other mosquito-borne 

diseases, developing alert system, developing an Android version, and enhancing the app’s 

engagement ability. Most importantly, these improvements should be done without 

compromising their security and privacy. In general, based from the findings and the 

experience of testing the app in an actual environment, once I have completed further 

improvements, Mozzify could be an appropriate surveillance method in early detection of 

disease outbreaks in the Philippines and other countries where DF is endemic. 
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Chapter 7 

Conclusions 

 

I have presented how improving knowledge (symptoms, management, 

prevention), attitude (susceptibility, severity and risk) and practices (preventive 

measures against DF) or KAP may reduce the risk for DF. DF which has been known 

to present physical symptoms among patients, has also been reported recently to be 

neurovirulent which means that they also experience psychological (high levels of 

depressive and anxiety symptoms) manifestations during the infection. Thus, to 

improve the KAP that will reduce the risk for acquiring DF and its psychological 

symptoms, I developed, Mozzify, an integrated mHealth app for DF case surveillance 

and KAP-based health communication and behavior modification systems. This 

chapter presents our conclusions matched with general objectives in each study 

conducted. 

 

Objective 1. Assess and compare the KAP of pediatric patients with DF and 

pediatric controls, and adult patients with DF and adult controls, identify the 

predictors of KAP domains by socio-demographic profiles, clinical parameters, 

and symptoms, analyze the relationship among the KAP domains, and identify 

protective factors against DF.  

Pediatric and adult patients with DF admitted in three hospitals in Metro 

Manila, compared with their counterparts, had lower mean scores in the practice 

domain, and knowledge and attitude were not correlated with practice, highlighting 
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the importance of behavioral change for knowledge and attitude to have a significant 

effect on practices against DF. Health programs should focus on translating 

knowledge and attitudes into more effective practices against DF through behavior 

change. Many programs continue to focus only on changing people’s knowledge and 

on raising awareness, rather than physical activity programs, which are more 

successful at producing behavior change. Thus, I recommend two comprehensive 

health programs that aid the successful translation of knowledge and attitude to better 

practice. The Communication for Behavioral Impact (COMBI) is a comprehensive 

strategy that uses communication of knowledge to have a significant effect upon 

behavioral change (making people becoming aware, informed, convinced, and 

deciding to act, then repeating and maintaining that action) or increased practices 

against DF. Moreover, another model that facilitates behavioral change that could 

increase the translation of attitude to practice among children and adolescents is the 

Health Belief Model (HBM). This model suggests that a change in behavior can be 

expected if a person perceives themselves to be at risk or susceptible to the disease 

(perceived susceptibility), that the disease will have serious consequences (perceived 

severity), a course of action will minimize consequences (perceived benefits), and the 

benefits of action will outweigh the cost of barriers (perceived barriers) and self-

efficacy. Both models should be used in changing behavior, not only at individual and 

household levels, but also at the community level, as community participation, 

including schools and especially among children, is necessary to effectively control 

the vector mosquitoes. 



161 
 

 

Objective 2. Estimate the prevalence of depressive and anxiety symptoms among 

pediatric in-patients with DF and compare it with that among healthy school-based 

controls, explore the predictors of these symptoms; and identify other self/parent-

reported psychiatric manifestations that occur during the infection.  

Our study highlights that there was a high prevalence of depressive and anxiety 

symptoms among pediatric patients with DF compared with controls, due to social and 

clinical factors which might be associated with DF infection. I also learned that pediatric 

patients with DF also exhibit psychiatric manifestations such as irritable mood/irritability, 

visual hallucination, agitation, and aggressiveness like adult patients with DF which has been 

reported in previous studies. Thus, it is important to screen patients with DF for these 

psychiatric symptoms, and if necessary, healthcare professionals must refer and encourage 

them to seek help to avoid long-term post-DF chronic psychiatric complications in the future. 

However, information on whether these symptoms are present only during the infection and 

may disappear on their own or may still persist after the infection, is unknown. Thus, 

longitudinal post-DF recovery studies would provide information on the possibilities that 

these symptoms may or may not develop to subsequent chronic psychiatric conditions in the 

future. Most importantly, this study provides benchmark information on the possible causal 

or direct link between depressive and anxiety symptoms and DF infection among pediatric 

patients with DF, yet, there is insufficient evidence to draw conclusions. Thus, the potential 

trauma of hospitalization and not directly DF infection, may have caused the increased 

depressive and anxiety symptoms among the pediatric patients with DF. Therefore, future 
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studies must distinguish between children’s adverse reactions to hospitalization and 

psychiatric symptoms due to DF. While RCADS-25 is widely used and psychometrically 

salient, the lack of further psychiatric assessment among patients with borderline or clinical 

depressive and anxiety symptoms and who reported the presence of other psychiatric 

symptoms, hindered us to conclude whether these symptoms were directly due to DF 

infection or not. More so, determining whether the findings may only be specific to pediatric 

patients with DF infection or may be extended to children with other serious infectious 

diseases in general, also remains unknown and needs further studies. 

 

Objective 3. Describe the design and development process of the Mozzify and assess it 

in terms of engagement and information-sharing abilities, functionality, aesthetics, 

subjective quality, and perceived impact among public health experts, environment and 

health-related researchers, and nonclinical or general public participants (end users) in 

Japan and among health experts and members of the general public in the Philippines. 

I have developed and designed a mobile application, Mozzify, which obtained 

excellent acceptability and ratings among health experts and researchers and the general 

public which indicate that it is ready for another trial among a larger population in the 

Philippines. It is a promising integrated strategic health intervention system in DF cases 

reporting and mapping system, raising knowledge, awareness and attitude and disseminating 

and sharing information on DF among general population and health experts and encouraging 

the need to have knowledge on preventive measures against DF successfully translated to 

practice.  
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 I started to collect data on the longitudinal spatial analysis of DF hotspots in the 

Philippines as a provision for predictive surveillance feature and the inclusion of other 

mosquito-borne diseases in the reporting and mapping system in the future. Thus, I also plan 

to design an alert system in the map that would warn the users when they enter or when they 

are near a barangay/village or area with high DF case incidence and mosquito abundance. 

I’m also working on developing an Android version of the app, more language options, and 

possible inclusions of games to increase usability and engagement among users in the future. 

Most importantly, I aim that the development of Mozzify will address the lack of available 

apps that address the limitations in the control and prevention of DF not only in the 

Philippines but also in other DF and other mosquito-borne disease-endemic countries 

worldwide. 

In the trial and assessment conducted in the Philippines, I have confirmed that 

Mozzify is a promising integrated strategic health intervention system for reporting and 

mapping dengue fever cases, increasing awareness, improving knowledge, changing attitude 

about dengue fever, and disseminating and sharing information on dengue fever among the 

general population and health experts. It may also be an effective strategy for knowledge on 

how to prevent dengue fever to be successfully translated to practice. It could also be used 

by users of any age group, gender, and socio-economic status. I also learned that in spite of 

its many strengths and unique features, improvements that are tailored to the needs of the 

intended users should still be done. This includes adding multi-language options, including 

other mosquito-borne diseases, developing alert system, developing an Android version, and 

enhancing the app’s engagement ability. Most importantly, these improvements should be 



164 
 

done without compromising their security and privacy. In general, based from the findings 

and the experience of testing the app in an actual environment, once I have completed further 

improvements, Mozzify could be an appropriate surveillance method in early detection of 

disease outbreaks in the Philippines and other countries where DF is endemic. 
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Supplementary File S3. Informed Consent for KAP (English) 
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Supplementary File S4. Informed Consent for KAP (Filipino) 
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Supplementary File S5. Assent form for children 12 to 15 years old (English) 
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Supplementary File S6. Assent form for children 12 to 15 years old (Filipino) 
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Supplementary Figure S7. Recruitment and testing and interview flow for KAP study. 
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Supplementary File S8. Patient Profile Sheet 
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Supplementary File S9. Knowledge, Attitude and Practices (KAP) Questionnaire 
(English) 



191 
 



192 
 



193 
 



194 
 

Supplementary File S10. Knowledge, Attitude and Practices (KAP) Questionnaire 

(Filipino) 
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Supplementary File S11. Certificate of Translation (English to Filipino) 
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Supplementary File S12. Certificate of Translation (Filipino to English) 
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Supplementary Figure S13. Dengue Brochure (Patient’s Education) 
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Appendix B 

 
Supplementary File 1. STROBE Statement—checklist of items that should be included in reports of observational studies 
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Supplementary Figure 2. Recruitment, testing and interview, and referral and follow-up process 
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Supplementary Figure 3. Recruitment, testing and interview, and referral and follow-up 

process 
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Supplementary File 4. Informed consent for depressive and anxiety symptoms (English) 
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Supplementary File 5. Informed consent for depressive and anxiety symptoms (Filipino) 
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Supplementary File 6. Assent form for children 12 to 15 years old (English) 
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Supplementary File 7. Assent form for children 12 to 15 years old (Filipino) 
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Supplementary File 8. Patient Profile Sheet 
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Supplementary File 9. Revised Child Anxiety and Depression Scale (RCADS) Child 

Version (English) 
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Supplementary File 10. Revised Child Anxiety and Depression Scale (RCADS) Child 

Version (Filipino) 
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Supplementary File 11. Revised Child Anxiety and Depression Scale (RCADS) Parent 

Version (English) 
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Supplementary File 12. Revised Child Anxiety and Depression Scale (RCADS) Parent 

Version (Filipino) 
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Supplementary File 13. Certificate of Translation for Revised Child Anxiety and 

Depression Scale (RCADS) Child and Parent Version (English to Filipino) 
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Supplementary File 14. Certificate of Ethics Approval from Pasay City General Hospital 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



237 
 

Supplementary File 15. Certificate of Ethics Approval from San Lazaro Hospital 
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Appendix C 

Multimedia Appendix 1. Mobile Application Rating Scale (MARS) 
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Multimedia Appendix 2. Mozzify User Guide 
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Multimedia Appendix 3. Mozzify Advertisement 
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Multimedia Appendix 4. Ethics Approval Certificate from Ehime University Faculty of 
Engineering 
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Multimedia Appendix 5. Informed Consent Sheet 
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Appendix D 
Supplementary File S1. Informed Consent (English) 
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Supplementary File S2. Informed Consent (Filipino) 
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Supplementary File S3. Withdrawal Sheet (English) 
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Supplementary File S4. Withdrawal Sheet (Filipino) 
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Supplementary File S5. Profile Sheet 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



292 
 

Supplementary File S6. Mobile Application Rating Scale – user version (uMARS) 
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Supplementary File S7. Mozzify Advertisement Poster 
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Supplementary File S8. Ethics approval certificate from Trinity University of Asia (TUA) 
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Supplementary File S9. Good Clinical Practice Certificate (NIDA, 2017) 
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Supplementary File S10. Good Clinical Practice, University of the Philippines Manila-
National Institutes of Health (UPM-NIH) 
 
 


