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Abstract
Background: Dengue is a mosquito-borne flavivirus present in many metropolitan cities of tropical countries.
Methods: During and after the dengue season (September 2018 to January 2019), we conducted a case-control
study in order to determine the risk factors for dengue fever in Hanoi city, Vietnam. 98 dengue patients and 99
patients with other acute infections, such as Hepatitis B virus infection, were recruited at Department of Infectious
Disease of Bach Mai national hospital in Hanoi. Patients were interviewed using a structured questionnaire covering
demographic, housing, environmental factors and knowledge, attitude, and practice on dengue prevention and
control. Univariate analysis and multivariable logistic regression were used to determine the risk factors of dengue
status.
Results: The mean score of knowledge items and practice items was only 7.9 out of total 19 points and 3.9 out of
total 17 points, respectively. While the mean score of attitude items was 4.8 out of total 6 points. Multivariable
logistic regression indicated that older patients had lesser risk of getting dengue infection as compared to younger
adults aged 16–30, and patients living in peri-urban districts were less likely to suffer of dengue fever than patients
living in central urban districts (OR = 0.31; 95% CI 0.13–0.75). This study could not find any association with
occupation, water storage habit, knowledge, attitude, or practice on dengue prevention.
Conclusions: All patients had a relatively low level of knowledge and practice on dengue prevention and control.
However, the attitude of the participants was good. We found that age group and living district were the risk
factors correlated with the dengue status. Communication programs on raising dengue awareness should be
repeated all year round and target particular groups of adolescents, younger adults, landlords and migrants from
other provinces to improve their knowledge and encourage them to implement preventive measures against
dengue fever.
Keywords: Dengue fever, Dengue risk factors, Case-control, Urban setting, Vector-borne disease, Re-emerging
diseas
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Introduction
Dengue virus is one of the rare arboviruses that
have fully adapted to humans and does no longer
require an animal reservoir for transmission [1, 2].
This arbovirus transmits through mosquito vectors,
primarily by Aedes aegypti and secondarily by Ae.
albopictus. Dengue fever (DF) is known as the most
widespread mosquito-borne disease globally, with
approximately four billion people considered to be
at risk [3]. Its incidence has increased 30-fold over
the past five decades [4]. In 2010, there were 390
million people estimated to be infected by dengue
virus, of which 96 million manifested clinically [5].
According to WHO, the number of dengue cases
has increasing sharply and reached 4.2 million in
2019 [6]. Dengue is prevalent in Southeast Asia and
the Pacific, which are hot spot areas for mosquitoborne diseases [7]. These regions account for
around 75% of known global dengue morbidity and
mortality and Vietnam is one of the countries suffering the highest burden [4, 7, 8].
In Vietnam, dengue virus is the most common flavivirus in rural and urban areas across the country
[9, 10]. However, the virus circulates mainly in cities
where the vectors easily find clean water for breeding [10]. According to the statistics from the World
Health Organization (WHO) in Vietnam, dengue infections have increased from 105,370 cases in 2009
to 184,000 cases in 2017 [11]. Hanoi city, which is
situated in Northern Vietnam, has a sub-tropical climate with four distinct seasons. Before 2008, Hanoi
had nine urban and five peri-urban districts. After
the city expanded its territory by merging some
areas of other provinces, the new Hanoi has increased to twenty-nine districts and one town. It is a
populous metropolis with around eight million
people. In the past, Hanoi was considered to have a
low incidence of dengue infection [12], however, the
morbidity of dengue has increased during recent decades with outbreaks occurring in more frequent cycles. The dengue season in Hanoi begins in June,
peaks in October, and decreases from December
[12–15]. Aedes mosquitoes appears less active in the
winter from November to February and then starts
increasing its population when the summer comes
[16]. Nevertheless, one recent study conducted in
March 2018 found the dengue vectors, both mosquitoes and larvae, active also during the low season of
dengue [17], which indicates a potential risk of dengue infections at any time of the year in Vietnam.
With favorable conditions of weather, a dense human population and a rapid urbanization, Hanoi is
at present an endemic area of DF. In this city, incidence has been increasing dramatically in the past
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decades, with the two largest outbreaks being recorded in 2009 and 2017 [14, 15, 18].
This study aimed to identify risk factors of DF in
Hanoi city to generate more data on factors associated with dengue transmission in a populous metropolitan area. Its findings will help to propose
appropriate interventions for dengue prevention and
control programs.

Methods
Study design and setting

A case-control study was conducted during and after the
2018 season of dengue (from September 2018 to January
2019), at the Department of Infectious Diseases of Bach
Mai, a large national hospital of Vietnam located in
Hanoi city.
Research subjects

In-patients and out-patients who were receiving treatment at the Department of Infectious Diseases were
asked for their willingness to participate in the study.
They were eligible if they were living in Hanoi city. If
the patients were under 18 years old, the research group
asked for permission from the guardian to join the
study.
Definitions

The criteria for DF confirmation was based on the dengue case definition in Decision 458/QD-BYT and its
guideline issued by the Vietnam Ministry of Health in
2011. The content of the guideline includes the clinical
and sub-clinical characteristics of DF; diagnosis and
treatment of DF applying for all healthcare facilities in
Vietnam. Patients, suspected for DF on clinical symptoms, were confirmed by a rapid test for dengue virus
NS1 antigen during the first five days, or dengue-specific
IgM after the fifth day of the disease [7, 19].
The case group included in-patients who were diagnosed for dengue and confirmed positive by the rapid
tests for NS1 antigen or IgM antibodies. If the rapid test
result was positive for NS1 antigen and negative for
IgM, or vice versa, the diagnosis of the treating doctor
was used to classify as a confirmed case or a negative
case. The control group included out-patients or inpatients who were not diagnosed for DF and confirmed
negative by the rapid test according to the case definition above. The interviewer did not record the information if the patient was in-patient or out-patient. No
matching was performed.
The districts of participants living were categorized
into three different areas: central urban, which comprises the inner districts of old Hanoi where no livestock
is kept; peripheral that are newly expanded districts of
new Hanoi where some livestock are kept, and peri-
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urban that comprises suburban districts where many
livestock are kept.
Sample size and sampling technique

By applying the formula for calculating the sample size
of an unmatched case control study with the aim to be
able to identify a risk factor with 20% difference between
the different groups, as described by Fleiss et al. [20], 91
patients in each group were needed for this study. We
increased this by 10% and intended to recruit 100 dengue cases and 100 dengue negative control cases. While
it would have been good to be detect smaller differences
between groups, we were limited by the access of patients. Finally, 98 cases and 99 control patients participated in the study.
Data collection, instrument and Cronbach alpha

The questionnaire was developed using inputs from two
infectious disease and epidemiology experts and piloted
at the hospital with five patients (the data from these patients were excluded in the final analysis) for the suitability. Cronbach Alpha test was conducted and shown
below with the acceptable score of each component for
the questionnaire. Subsequently, the questions were entered into a Google form and a tablet was used by
trained data collectors. The patients were interviewed
during 15–25 min on demographic, household information, as well as knowledge, attitudes and practices (KAP)
with regard to mosquitoes and DF. Cronbach alpha was
used to test the internal consistency of the KAP
components.
KAP scoring

The questionnaire was designed with a set of multiplechoice or single-choice questions (Supplementary Material 1). Scores of one or zero were given to the correct
and incorrect responses, respectively. Participants who
achieved higher scores were assumed to have better
knowledge, attitude or practices on DF.
Knowledge about dengue fever

The knowledge about DF was assessed by asking 8 questions (22 items) with a total score ranging from 0 to 19
points (Table 1).
Attitude on dengue fever

This part consisted of six questions in order to investigate the respondent’s opinion whether they agree/ don’t
know/ do not agree. There was only one correct answer
which was given 1 point. Other answers were given 0
point. The score of the attitude on DF ranged from 0 to
6 points (Table 2).
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Dengue preventive practices

Preventive practices for DF was measured by using a set
of 5 questions (15 items) on home behavior. The score
of preventive practices on DF ranged from 0 to 17 points
(Table 3).
Data analysis

Data was imported to Excel then transferred to SPSS for
analysis. The associations between categorical variables
were tested using Pearson’s chi-square or Fisher’s exact
tests, while the mean of continuous variables without
normal distribution between groups were compared by
Mann-Whitney test. Logistic regression analysis was
used to identify the risk factors of dengue infection. Initially, all factors were tested in an univariable logistic regression model. Then determinants with p-values less
than, or equal to 0.25 (as previously used in another
studies [21, 22]) and suspected confounders (including
gender, age, education, marital status, occupation, average income, having chronic diseases, district where the
patient lives, area of living, livestock keeping, storing
water in the tank without lid, knowledge and attitude)
and determinants found to be risk factors in the literature review (including storing water in the buckets/barrels and practice) were further analyzed by multivariable
analysis with dengue status as the dependent variable.
Confounders were explored by comparing the difference
between the adjusted odds ratio in multivariable analyses
and the crude odds ratio in univariate analyses. In the
next step, models were built by manual backward deletion of highly non-significant variables including education, marital status, occupation, having chronic diseases,
area of living, livestock keeping, storing water in the tank
without lid, storing water in the buckets/barrels but
keeping the KAP score variables as the important predictors. Since the participants who were pupils/students
with no income accounting for a large proportion, we
removed the average monthly income in the model to
minimize the bias. Eventually, the determinants in the
final model included gender, age, district where the patient lives, knowledge, attitude and practice scores. Odds
ratios (OR) with 95% confidence interval (CI) were reported to present the association. P-values less than 0.05
were considered statistically significant. The analyses
were also repeated with the scores calculated without
weights, with each question contributing maximum 1
point, to see the impact on the final model. The statistical procedures were performed using IBM SPSS version 26.0 (SPSS, Chicago, USA).

Results
One hundred and ninety-seven patients were recruited
in the study including 98 dengue patients and 99 patients without dengue. Table 4 shows the demographic
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Table 1 Scoring of knowledge items
Questions

Items

a)

List the typical symptoms of dengue fever
1. Don’t know

b)

c)

e)

f)

g)

h)

0

2. Joint and muscle pain

1

3. Headaches, pain behind the eyes

1

4. High fever continuously within 2–7 days (higher 39 degrees)

1

5. Epistaxis

1

6. Heamorrhagic under skin

1

7. Stomachache, vomiting

1

8. Bleeding gum

1

Min - Max

0–7

9. How does dengue virus transmits to people?
• Don’t know

0

• Mosquito bites

1

Min - Max

0–1

10. Which type of mosquito is spreading dengue fever
• Don’t know

d)

Score

0

• Stripe Mosquito (Aedes aegypti)/Tiger Mosquito (Aedes albopictus)

1

• Culex Mosquito

0

Min - Max

0–1

11. The biting behavior of dengue mosquitoes
• Don’t know

0

• Daylight

0

• Night

0

• Early in the morning and in the evening before dusk.

1

Min - Max

0–1

12. The breeding season of dengue mosquitoes
• Don’t know

0

• Mainly in the rainy season

1

• Mainly in the dry season

0

• Both of seasons

0

Min - Max

0–1

List the breeding sites of dengue mosquitoes
13. Don’t know

0

14. Water-filled jars, tanks

1

15. Water-filled vases

1

16. Water- filled used tires

1

17. Garbage containing water

1

Min - Max

0–4

18. Can dengue fever be prevented?
• Yes

1

• No

0

• Don’t know

0

Min - Max

0–1

List the methods to prevent dengue fever
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Table 1 Scoring of knowledge items (Continued)
Questions

Items

Score

19. Don’t know

0

20. Eliminate mosquito

1

21. Eliminate the larvae

1

22. Avoid mosquito bites

1

Min - Max

0–3

characteristic of the two groups. There was no significant difference in gender between the dengue and the
control groups. Dengue patients were younger than patients without dengue (p < 0.001), with 63.3% of dengue
patients being 16–30 years. Patients with higher education level, college or above, accounted for the majority
of total participants (56.3%). There were more dengue

cases among patients with higher education level as
compared to patients with lower education level. Almost
all patients were married (70.1%). Pupils/students
(36.7%) and office workers (25.5%) were more likely to
present with dengue infections. The average income in
the dengue group was higher than in the control group
(p < 0.001). Less dengue patients than control patients

Table 2 Scoring of attitude items
Questions

Items

a) a) a) a)

1. Dengue fever is a dangerous disease

b)

c)

d)

e)

f)

Score

• Agree

1

• Do not agree

0

• Don’t know

0

Min - Max

0–1

2. Mosquitoes play an important role in transmitting human diseases.
• Agree

1

• Do not agree

0

• Don’t know

0

Min - Max

0–1

3. The best measure to prevent dengue fever is to eliminate the breeding sites of mosquitoes.
• Agree

1

• Do not agree

0

• Don’t know

0

Min - Max

0–1

4. Children should be protected from mosquito bites.
• Agree

1

• Do not agree

0

• Don’t know

0

Min - Max

0–1

5. Household can spray anti-mosquito products/fogging by themselves without health staffs/ community.
• Agree

0

• Do not agree

1

• Don’t know

0

Min - Max

0–1

6. The responsibility of people’s health protection belongs to authority and health sector, not mine.
• Agree

0

• Do not agree

1

• Don’t know

0

Min - Max

0–1
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Table 3 Scoring of practice items
Questions

Items

a)

Preventive practices used to prevent mosquito bites at home

Score

1. Don’t use any measures

0

2. Wear long sleeves

1

3. Use mosquito repellent creams/ liquid

1

4. Use mosquito nets

1

5. Use mosquito incense/coils

1

6. Use mosquito racket

1

7. Cover water storage

1

8. Clean garbage having water

1

9. Pruning the trees

1

10. Remove standing water inside/outside house

1

11. Spraying

1

Min - Max
b)

c)

d)

0–10

12. Time of using bed net
• All the time (day and night)

2

• Only during the day

1

• Only during the night

1

• Don’t use

0

Min - Max

0–2

13. Frequency of cleaning up water containers
• Weekly

2

• Don’t have water containers/tanks

1

• Monthly/1–2 times per year/Rarely/Never

0

Min - Max

0–2

14. Using fish for larva elimination
• Yes

e)

2

• Don’t have water containers/tanks

1

• No

0

Min - Max

0–2

15. Using anti-mosquito spraying in your house
• Yes

1

• No

0

Min - Max

0–1

reported chronic diseases (p < 0.05). The chronic diseases reported included diabetes, cardiovascular, hypertension and hepatitis B.
Table 5 indicates that most dengue patients were living in central and peripheral areas while the majority of
control patients were from peri-urban areas (p < 0.01).
The control group had a larger living area than the dengue group (p < 0.01). The number of people living with
the dengue and control patients was similar with less
than 4 persons on average. Few participants were keeping livestock and pets at home (5.1 and 19.3% respectively). Only few patients reported storing water in tanks

without lids (5.2%) and buckets/barrels (13.3%). More
than 70% of both groups had vegetation around their living space.
Figure 1 reveals the number of patients using preventive practices at home to protect themselves from DF.
Mosquito nets were the major preventive measure in
both groups. Spraying around the house was used only
by one control patient. Remarkably, there were 9 out of
98 dengue patients and 12 out of 99 control patients that
did not use any measures at home to prevent DF.
Regarding to the Cronbach alpha, our results for each
component are 0.75 for 22 knowledge items, 0.78 for 6
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Table 4 Demographic characteristics of participants
Demographic characteristics

Dengue patients (%)
N = 98

Control patients (%)
N = 99

All (%)
N = 197

P value

Female

43 (43.9%)

Male

55 (56.1%)

53 (53.5%)

96 (48.7%)

0.225

46 (46.5%)

101 (51.3%)

16–30

62 (63.3%)

27 (27.3%)

89 (45.2%)

31–45

20 (20.4%)

28 (28.3%)

48 (24.4%)

46–60

15 (15.3%)

23 (23.2%)

38 (19.3%)

> 60

1 (1%)

21 (21.2%)

22 (11.2%)

Gender a

Age group a
< 0.001

Education level a
High school and lower

32 (32.7%)

54 (54.5%)

86 (43.7%)

College and higher

66 (67.3%)

45 (45.5%)

111 (56.3%)

Single

42 (42.9%)

15 (15.2%)

57 (28.9%)

Married

56 (57.1%)

82 (82.8%)

138 (70.1%)

0

2 (2%)

2 (1%)

25 (25.5%)

25 (25.3%)

50 (25.4%)

0.003

Marital statusb

Widowed
Occupation

< 0.001

a

Office workers
Farmer

< 0.001

5 (5.1%)

13 (13.1%)

18 (9.1%)

Pupil /Student

36 (36.7%)

13 (13.1%)

49 (24.9%)

Unemployed

2 (2%)

13 (13.1%)

15 (7.6%)

Retired

2 (2%)

15 (15.2%)

17 (8.6%)

Other

28 (28.6%)

20 (20.2%)

48 (24.4%)

11.9 ± 7.9

8.3 ± 4.5

10.2 ± 6.7

< 0.001

Yes

10 (10.2%)

23 (23.2%)

33 (16.8%)

0.024

No

88 (89.8%)

76 (76.8%)

164 (83.2%)

Average income c
(million VND/month)
Mean ± SD
Having chronic diseasesa

a

Chi-square test,

b

Fisher exact test, c Mann-Whitney test

attitude items and 0.68 for 15 practice items,
respectively.
The mean score on dengue knowledge among the dengue patients was higher than among the control patients
(p < 0.001) (Table 6). Although dengue patients had a
slightly better score on attitude and practice about DF as
compared to the control group, these differences were
not statistically significant (p > 0.05). However, Spearman’s rho test showed a positive correlation between the
knowledge score and the practice score (r = 0.38 and p <
0.001).
In Table 7, univariate analysis revealed that education,
marital status, occupation, average income, having
chronic diseases were associated with dengue status
(p < 0.05). But these factors were eliminated in the final
logistic regression model. Lower knowledge scores and
attitude scores were also risk factors of getting dengue

disease in the univariate analysis (p < 0.01). However,
this was not statistically significant by the multivariate
analysis (p > 0.05).
As compared to patients aged 16–30 years old, patients
at older age of 31–45; 46–60 and above 60 years had a
lower risk of 0.43 times (95% CI 0.19–0.95; p < 0.05);
0.38 times (95% CI 0.15–0.91; p < 0.05) and 0.05 times
to get DF (95% CI 0.01–0.39; p < 0.01), respectively. Final
multivariable logistic regression analysis indicated that
patients living in peri-urban districts are 0.31 times less
likely to get dengue infection than patients living in central urban districts (95% CI 0.13–0.75; p < 0.05). Unweighted scores as dependent variables identified the
same predictors with unchanged adjusted OR. There
was no difference in probability of getting dengue infection between patients living in central urban districts
and peripheral districts (p = 0.43).
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Table 5 Living conditions of participants
Dengue patients (%)

Control patients (%)

All (%)

P value

46 (46.9%)

34 (34.3%)

80 (40.6%)

< 0.001

Living district a
Central urban
Peripheral

41 (41.8%)

24 (24.2%)

65 (33%)

Peri urban

11 (11.2%)

41 (41.4%)

52 (26.4%)

3.6 ± 1.7

3.8 ± 1.5

3.7 ± 1.6

0.314

54.8 ± 57.5

72.5 ± 69.9

64.1 ± 64.7

0.004

Yes

3 (3.1%)

7 (7.1%)

10 (5.1%)

0.331

No

95 (96.9%)

92 (92.9%)

187 (94.9%)

Yes

17 (17.3%)

21 (21.2%)

38 (19.3%)

No

78 (78.8%)

81 (82.7%)

159 (80.7%)

Yes

2 (4.1%)

7 (7.4%)

9 (5.2%)

No

77 (97.5%)

87 (92.6%)

164 (94.8%)

Yes

9 (11.4%)

14 (14.9%)

23 (13.3%)

No

70 (88.6%)

80 (85.1%)

150 (86.7%)

Abundant vegetation

25 (25.5%)

24 (24.2%)

49 (24.9%)

Some vegetation

30 (30.6%)

32 (32.3%)

62 (31.5%)

Little vegetation

18 (18.4%)

20 (20.2%)

38 (19.3%)

No vegetation

25 (25.5%)

23 (23.2%)

48 (24.4%)

Number of people living with c
Mean ± SD
2 c

Area of living (m )
Mean (± SD)
Livestock keeping

b

Pet keeping a
0.612

Storing water in the tank without lid b
0.183

Storing water in the buckets/barrels a
0.652

Vegetation a

a

Chi-square test,

b

0.966

Fisher exact test, c Mann-Whitney test

Discussion
Our case-control study revealed that age and living area
were associated with risk for dengue infection in the
Hanoi metropolitan city. The results showed that older
people had a lower risk for dengue infection as compared to younger people. In particular, people aged 31–
45; 46–60 and above 60 years had 57, 62 and 95% lower
risk, respectively, to get DF than patients aged 16–30.
Those results are similar to earlier studies: People aged
15–34 years has been found to be the most infected age
group in the dengue outbreaks in Hanoi city in particular and in Vietnam and Singapore in general [23–26].
This could be explained by the fact that the older people
tend to pay attention on their health and have better
health protective measures as compared to young adults,
e.g. by sleeping under bed-nets at all time during the
day. Also, it is possible that a larger proportion of the
older people had been infected by dengue in the past
and were immune. Immunity would mainly decrease the
probability of getting the same serotypes of dengue virus
[23]. In addition, young people may spend much more

time on out-door activities, leading to higher risk of exposing with outside mosquitoes. Nevertheless, an earlier
study in Singapore showed that the incidence rate for
dengue was highest in the age group of 55 years and
above, which is contradictory to our result [26]. An earlier systematic review and meta-analysis also revealed
that the mean age of dengue patients reported after 2010
tends to be higher as compared to dengue cases reported
before 2010 [27]. Therefore, it is suggested that health
information, education and communication (IEC) program on dengue prevention and control should be disseminated to all age groups but focused on the
adolescents and young adults.
Our study further indicated that people living in central districts have a 3.2 times higher risk to get an infection by dengue virus, as compared to people living in
peri-urban districts. This is consistent with the epidemiological findings of Duong et al. [28] where 77.2%
of the total dengue cases between 2006 and 2011 were
concentrated to urban areas of Hanoi. Studies by Toan
et al. [12] and Cuong et al. [23] showed similar results in
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Fig. 1 Number of patients that used protective practices at home to prevent dengue fever

that most cases of dengue were found in the inner districts of Hanoi. In Ho Chi Minh city, another big metropolitan area of Southern Vietnam, Raghwani et al. [29]
also found that the more densely populated inner districts contributed significantly to DENV-1 transmission
as compared to the suburban districts. Hanoi city is an
economic center of Vietnam where migrants are
populous. A lot of students and labor people from other
provinces have been entering the central districts of
Hanoi for living and working [30]. In addition to the low
awareness on dengue prevention and control and limited
resources, they may live in more unhygienic conditions
that may increase the probability of creating breeding
sites for dengue mosquitoes. This implies the higher risk
of having DF and spreading the disease to neighboring
people [23]. Our study also showed that students and office employees accounted for the highest percentage
amongst the dengue patients. This result was in line
with other studies conducted in Hanoi [23, 31]. Globally,
Table 6 Knowledge, attitude and practice scores of the two
groups
Dengue patients Control patients

All

P value

Knowledge score*
Mean ± SD

8.7 ± 2.6

7 ± 3.3

7.9 ± 3.0 < 0.001

5.2 ± 0.8

4.5 ± 1.9

4.8 ± 1.5

0.059

4 ± 2.4

3.8 ± 2.5

3.9 ± 2.4

0.305

Attitude score*
Mean ± SD
Practice score*
Mean ± SD
* Mann-Whitney test

50% of the dengue outbreaks during 1990–2015 were recorded in urban areas, followed by 28.6% in rural areas,
and 21.4% in both urban and rural areas [27]. Hence, living in urban areas is one of the driver of dengue dispersion due to the urbanization and huge population
growth in the metropolitan regions [32], although it is
reported that there was a movement of dengue morbidity from urban to rural settings [7]. The recommendation is that more communication campaigns should be
organized in the central urban districts, targeted towards
specific groups of landlords and their tenants.
Regarding other possible risk factors, this study suggested that gender was not a risk factor of having DF.
However, it is noticeable that a study of Lien et al. [24]
which was also carried out in Hanoi city, showed that
males accounted for the majority of the dengue case in
the 2011 outbreak. Studies by Guo et al. and Ler et al.
also depicted that the incidence of getting dengue infection was significantly higher in males than in females
[26, 27]. Therefore, it is hard to draw a conclusion on
this association. It could also be that knowledge and
education differs between gender, but this study had too
low power to investigate that. KAP on dengue prevention and control are vital to measure the risk of getting
DF. Interestingly, our findings indicated that individuals
with dengue infection had better mean score of knowledge as compared to the control group (p < 0.001). This
could be explained by the higher education in the dengue case group; or dengue patients may have improved
their knowledge before the study started through the information by doctors, nurses or internet. Our study
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Table 7 Crude and adjusted OR in the logistic regression model
Risk factors

Crude OR

CI 95%

P value

Adjusted OR

CI 95%

P value

1

–

–

1

–

–

0.68

0.39–1.2

0.176

1.58

0.81–3.06

0.18

Gender
Male
Female
Age group
16–30 years old

1

–

–

1

–

–

31–45 years old

0.311

0.15–0.65

0.002

0.43

0.19–0.95

0.038

46–60 years old

0.284

0.13–0.63

0.002

0.38

0.15–0.91

0.031

Above 60 years old

0.021

0.003–0.16

< 0.001

0.05

0.01–0.39

0.005

1

–

–

–

–

–

2.48

1.4–4.4

0.002
–

–

–

–

–

–

Education
High school and lower
College and higher
Marital status
1

–

–

0.24

0.12–0.48

< 0.001

1

–

–

Farmer

0.38

0.12–1.24

0.11

Pupil/Student

2.77

1.19–6.43

0.018

Single
Married
Occupation
Office workers

Unemployed

0.15

0.03–0.75

0.021

Retired

0.13

0.03–0.64

0.012

Other

1.4

0.63–3.1

0.4

1.1

1.04–1.17

< 0.001

–

–

–

Yes

1

–

–

–

–

–

No

0.38

0.17–0.84

0.017

Average income
Having chronic diseases

Living district
1

–

–

1

–

–

1.26

0.64–2.47

0.49

1.35

0.64–2.84

0.43

Peri-urban

0.2

0.09–0.44

< 0.001

0.31

0.13–0.75

0.01

Area of living

0.99

0.99–1

0.074

–

–

–

Yes

1

–

–

–

–

–

No

0.41

0.1–1.65

0.21
–

–

–

–

–

–

0.97–1.26

0.15

Central urban
Peripheral

Livestock keeping

Storing water in the tank without lid
Yes

1

–

–

No

0.32

0.06–1.6

0.166

1

–

–

Storing water in the buckets/barrels
Yes

0.74

0.3–1.8

0.5

Knowledge score

No

1.21

1.09–1.35

< 0.001

1.1

Attitude score

1.47

1.15–1.89

0.002

1.15

0.82–1.6

0.42

Practice score

1.05

0.94–1.18

0.415

0.97

0.84–1.13

0.71

* Using unweighted score, the final model identified the same independent variables as significant with unchanged adjusted OR
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could not show any association between KAP score and
dengue status, which was not in accordance with other
studies in Vietnam [33]; in Malaysia [34, 35] and in
Brazil [36], where the results confirmed a correlation between dengue infection and lacking of preventive measures such as not keeping the house and environment
clean, storing water with uncovered containers, not
wearing long sleeve clothes, or not using screen windows. In the era of information technology, it is easy to
search for health information related to DF which is the
most common mosquito-borne disease in Hanoi and
Vietnam. In a KAP cross sectional study conducted in
the same site in Hanoi during the 2017 dengue outbreak,
the mean knowledge score of participants was 4.6 out of
19 points; lower than the mean score obtained in our
study (7.9/19) [37]. It is understandable that people in
Hanoi at present have a better knowledge on dengue
prevention and control as compared to earlier studies
[31]. However, knowledge alone does not produce individual behavior change [4]. In routine life, dwellers have
numerous concerns rather than doing preventive measures for mosquito-borne diseases. Previous studies have
proved that the behavior of water storage in uncovered
containers was a high-risk factor for Aedes breeding [27,
36, 38]. Nevertheless, our study did not find any links
between storing water without lid or in the buckets/barrels at home with the probability of being infected by
dengue virus in the two patient groups. Since Hanoi is a
capital city with a considerate speed of urbanization, the
tap water system helps dwellers to change their storage
habit and limit the mosquito breeding sites [23]. This
may explain why few patients in our study had that behavior. However, Thang et al. [31] assumed that the
breeding sites of mosquito could include public places
like cemeteries with empty vases on the graves, temples
and pagodas with many vases, the Bonsai or construction projects, and abandoned houses with stored garbage. Thus, our implication is that repeated messages on
dengue prevention and control focusing on personal
protections and environmental clean-up activities should
be implemented at various time points of the year, not
only when the dengue season starts in July.
In our study, livestock keeping was considered as
a risk factor, as this has been found to be contributing to the risks of several vector-borne diseases [39,
40]. However, our results revealed no association
between livestock keeping and dengue infections,
perhaps due to the low number of individuals keeping livestock in this study. This finding was also
demonstrated similarly in another study implemented in Hanoi city [17]. Further studies should
be deployed to explore this issue in more detail,
since urban livestock keeping is popular in many
developing countries.
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One strength of our study is that we used Cronbach alpha to determine the internal validity and reliability of KAP items in the questionnaire. The
Cronbach alpha scores demonstrated satisfactory internal consistencies in our study. To our knowledge,
this is first case-control study included all KAP components other than practice only to identify the risk
factors of DF. Models were developed both with
weighted and unweighted scoring system of KAP. As
we mentioned above, the final models identified the
same independent variables with the unchanged adjusted OR, indicating low bias of the unweighted estimates. However, this study still had several
limitations that needs to be considered. Firstly, we
could not match case and control patients who had
different demographic characteristics since the sampling depended on patient availability and willingness
to join. Due to the difficulties in recruiting controls,
both inpatients and outpatients were included. Since
sampling and interviewing was done only on one occasion, it is unknown if some control patients may
later have been infected with dengue virus, but if diagnosed with DF, they would have been reclassified
as a case. These limitations in control selection
could lead to confounding and interaction of some
variables including age, gender and knowledge.
Nevertheless, we statistically controlled for possible
confounders in the logistic regression model. Secondly, sampling was based on the selection of doctors at the Department of Infectious Diseases, and it
is possible that this caused some selection bias. In
order to minimize the bias, our study employed the
updated national case definition of Vietnam Ministry
of Health that all doctors in the Department of Infectious Disease were capable of and experienced in
diagnosing the dengue case. Our research group also
had a clearly documented selection procedure, and
this was explained to all doctors before the start of
the study. Thirdly, the patients may not be representative of the population of Hanoi because we excluded the children from 1 to 15 years old who is a
vulnerable group suffering from DF. We only carried
out the study in one hospital of Hanoi so that we
could not infer these findings to the whole city’s
population. Fourthly, the patients’ living place was
not directly observed, leading to bias in their answers in some housing and environmental factors.
Nevertheless, the interviewers were well trained and
had experiences in data collection to get the validity
of all participants’ responses.
In conclusion, our study found that younger adults
aged 16–30 and people living in central urban areas have
higher risk of getting dengue infection than older people
and those living in peri-urban areas. KAP on dengue
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prevention and control and other demographic, environmental, housing variables were not related factors of
dengue infection. Any IEC program on dengue prevention and control should be focused on specific groups of
adolescents, younger adults, landlords and migrants and
implemented many times of each year to improve the
KAP of citizens.

of Infectious Diseases, Department of Medical Sciences, Uppsala University,
Uppsala, Sweden. 5Center for Public Health and Ecosystem Research, Hanoi
University of Public Health, Hanoi, Vietnam. 6International Livestock Research
Institute, Nairobi, Kenya. 7Department of Clinical Sciences, Swedish University
of Agricultural Sciences, Uppsala, Sweden.

Abbreviations
DF: Dengue fever; WHO: World Health Organization; KAP: Knowledge,
attitude, practice; OR: Odds ratios; CI: Confidence interval; IEC: Information,
education and communication

References
1. Gubler DJ. The global emergence/resurgence of arboviral diseases as public
health problems. Arch Med Res. 2002;33(4):330-42.
2. Dash AP, Bhatia R, Sunyoto T, Mourya DT. Emerging and re-emerging
arboviral diseases in Southeast Asia. J Vector Borne Dis. 2013;50(2):77.
3. Brady OJ, Gething PW, Bhatt S, Messina JP, Brownstein JS, Hoen AG, Moyes
CL, Farlow AW, Scott TW, Hay SI. Refining the Global Spatial Limits of
Dengue Virus Transmission by Evidence-Based Consensus. PLoS Negl Trop
Dis. 2012;6(8):e1760.
4. WHO. Global Strategy for Dengue Prevention and Control 2012–2020, vol.
43: World Heal Organiszation [Internet]; 2012. Available from: http://scholar.
google.com/scholar?hl=en&btnG=Search&q=intitle: Global+strategy+for+
dengue+prevention+and+control#8
5. Bhatt S, Gething PW, Brady OJ, Messina JP, Farlow AW, Moyes CL, et al. The
global distribution and burden of dengue. Nature. 2013;496(7446):504–7.
https://doi.org/10.1038/nature12060.
6. WHO. Dengue and severe dengue [Internet]. 2020 [cited 2021 Jan 18].
Available from: https://www.who.int/news-room/fact-sheets/detail/dengue-a
nd-severe-dengue
7. WHO. Dengue: guidelines for diagnosis, treatment, prevention, and control
[Internet]. Special Programme for Research and Training in Tropical
Diseases. 2009. Available from: http://whqlibdoc.who.int/publications/2009/
9789241547871_eng.pdf
8. Arima Y, Edelstein ZR, Han HK, Matsui T. Epidemiologic update on the
dengue situation in the Western Pacific Region, 2011. West Pacific Surveill
response J WPSAR. 2013;4(2):47.
9. Schmidt WP, Suzuki M, Thiem VD, White RG, Tsuzuki A, Yoshida LM, Yanai H,
Haque U, Anh DD, Ariyoshi K. Population density, water supply, and the risk
of dengue fever in Vietnam: cohort study and spatial analysis. PLoS Med.
2011;8(8):e1001082.
10. Nguyen-Tien T, Lundkvist Å, Lindahl J. Urban transmission of mosquitoborne flaviviruses–a review of the risk for humans in Vietnam. Infect Ecol
Epidemiol. 2019;9(1):1660129.
11. WHO Vietnam. Dengue in Viet Nam [Internet]. 2020 [cited 2020 Mar 20].
Available from: https://www.who.int/vietnam/health-topics/dengue
12. Cuong HQ, Hien NT, Duong TN, Phong TV, Cam NN, Farrar J, Nam VS, Thai
KT, Horby P. Quantifying the emergence of dengue in Hanoi, Vietnam:
1998–2009. PLoS Negl Trop Dis. 2011;5(9):e1322.
13. Lee HS, Nguyen-Viet H, Nam VS, Lee M, Won S, Duc PP, et al. Seasonal
patterns of dengue fever and associated climate factors in 4 provinces in
Vietnam from 1994 to 2013. BMC Infect Dis. 2017;17(1):218. https://doi.org/1
0.1186/s12879-017-2326-8.
14. Minh An DT, Rocklöv J. Epidemiology of dengue fever in Hanoi from 2002
to 2010 and its meteorological determinants. Glob Health Action. 2014;7(1):
23074.
15. Toan DTT, Hu W, Quang Thai P, Hoat LN, Wright P, Martens P. Hot spot
detection and spatio-temporal dispersion of dengue fever in Hanoi.
Vietnam Glob Health Action. 2013;6(1):18632. https://doi.org/10.3402/gha.
v6i0.18632.
16. Tsunoda T, Cuong TC, Dong TD, Yen NT, Le NH, Phong TV, Minakawa N.
Winter refuge for Aedes aegypti and Ae. albopictus mosquitoes in Hanoi
during Winter. PLoS One. 2014;9(4):e95606.
17. Jakobsen F, Nguyen-Tien T, Pham-Thanh L, Bui VN, Nguyen-Viet H, Tran-Hai
S, Lundkvist Å, Bui-Ngoc A, Lindahl JF. Urban livestock-keeping and dengue
in urban and peri-urban Hanoi, Vietnam. PLoS Negl Trop Dis. 2019;13(11):
e0007774.
18. Tran BX, Thu Vu G, Hoang Nguyen L, Tuan Le Nguyen A, Thanh Tran T,
Thanh Nguyen B, Phuong Thi Thai T, Latkin CA, Ho CS, Ho R. Cost-of-illness
and the health-related quality of life of patients in the dengue fever
outbreak in Hanoi in 2017. Int J Environ Res Public Health. 2018;15(6):1174.
19. WHO. Handbook for clinical management of dengue [Internet], vol. 114.
Geneva: WHO; 2012. Available from: http://www.who.int/about/licensing/

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12889-021-10687-y.
Additional file 1.
Additional file 2.
Acknowledgements
We would like to thank Mr. Nguyen Hoang Nam - research assistant; Mr.
Pham Thanh Long - International Livestock Research Institute and all the
doctors and nurses of Infectious Diseases Department of Bach Mai hospital
for their assistance in data collection. We also sincerely thank all the patients
participating in this study. Last but not the least, we want to give a big
thank to Ms. Nguyen Le Thanh and Ms. Le My Hanh of International
Livestock Research Institute in Hanoi for their help in the project
administration and finance.
Authors’ contributions
Conceptualization, J. L, T.N.T. and M.L; methodology, T.N.T. and J.L;
questionnaire development, T.N.T, J.L and D.G; ethics, T.N.T, D.D.C, L.X.L, D.T.H;
data collection supervisor, T.N.T, J.L and D.D.C; data analysis, T.N.T. and J.L;
writing - original draft version, T.N.T; review and editing, all; supervision, J.L.,
H.N.V and A.L. The author(s) read and approved the final manuscript.
Funding
This study was a part of the “Metropolitan Mosquitoes Project” funded by
the Swedish Research Council for Environment, Agricultural Sciences and
Spatial Planning (Formas, grant number 2016–00364). Open Access funding
provided by Uppsala University.
Availability of data and materials
The datasets used and/or analysed during the current study available from
the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
Ethical approval for this research was obtained from the Ethical Committee
of Bach Mai hospital No 690/QD-BM. Both written and oral informed consent
were collected before collecting data. The respondents participated
voluntarily in the study. The research team committed that the data only
served research purposes. All information was handled anonymously,
research data was only approached by the research team.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Medical Biochemistry and Microbiology, Uppsala University,
Uppsala, Sweden. 2International Livestock Research Institute, Hanoi, Vietnam.
3
Infectious Diseases Department, Bach Mai hospital, Hanoi, Vietnam. 4Section

Received: 20 September 2020 Accepted: 23 March 2021

Nguyen-Tien et al. BMC Public Health

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

(2021) 21:664

copyright_form/en/index.html%0Ahttp://www.who.int/about/licensing/
copyright_form/en/index.html%5Cnhttp://scholar.google.com/scholar?hl=
en&btnG=Search&q=intitle: Handbook+for+CliniCal+ManageMent+of+
dengue#1%5Cnhttp://schol
Fleiss JL, Levin B, Paik MC. Statistical Methods for Rates and Proportions
Statistical methods for rates and proportions. 2003.
Harapan H, Rajamoorthy Y, Anwar S, Bustamam A, Radiansyah A, Angraini P,
Fasli R, Salwiyadi S, Bastian RA, Oktiviyari A, Akmal I. Knowledge, attitude,
and practice regarding dengue virus infection among inhabitants of Aceh,
Indonesia: a cross-sectional study. BMC Infect Dis. 2018;18(1):1-6.
Harapan H, Anwar S, Bustaman A, Radiansyah A, Angraini P, Fasli R,
Salwiyadi S, Bastian RA, Oktiviyari A, Akmal I, Iqbalamin M. Modifiable
determinants of attitude towards dengue vaccination among healthy
inhabitants of Aceh, Indonesia: findings from a community-based survey.
Asian Pac J Trop Med. 2016;9(11):1115-22.
Toan DT, Hoat LN, Hu W, Wright P, Martens P. Risk factors associated with
an outbreak of dengue fever/dengue haemorrhagic fever in Hanoi, Vietnam.
Epidemiol Infect. 2015;143(8):1594-8.
Kim Lien PT, Duoc VT, Gavotte L, Cornillot E, Nga PT, Briant L, et al. Role of
Aedes aegypti and Aedes albopictus during the 2011 dengue fever
epidemics in Hanoi. Vietnam Asian Pac J Trop Med. 2015;8(7):543–8. https://
doi.org/10.1016/j.apjtm.2015.06.009.
Huy BV, Thuy DT, Van Kinh N, Ngan TT, Hung NT, Minh NN, Truong NT,
Chau NV. Epidemiological and Clinical Features of Dengue Infection in
Adults in the 2017 Outbreak in Vietnam. Biomed Res Int. 2019;2019:3085827.
Ler TS, Ang LW, Yap GSL, Ng LC, Tai JC, James L, et al. Epidemiological
characteristics of the 2005 and 2007 dengue epidemics in Singapore similarities and differences. West Pacific Surveill Response. 2011;2(2):e1.
https://doi.org/10.5365/wpsar.2010.1.1.011.
Guo C, Zhou Z, Wen Z, Liu Y, Zeng C, Xiao D, et al. Global
Epidemiology of Dengue Outbreaks in 1990–2015: A Systematic
Review and Meta-Analysis. Front Cell Infect Microbiol [Internet]. 2017;
7:317 Available from: http://www.ncbi.nlm.nih.gov/pubmed/
28748176%0Ahttp://www.pubmedcentral.nih.gov/articlerender.
fcgi?artid=PMC5506197.
Duong, et al. Epidemiological situation of Dengue hemorrhagic fever
in Ha Noi, 2006–2011. Vietnam J Prev Med [Internet]. 2013;23(6):58
Available from: http://www.tapchiyhocduphong.vn/tap-chi-y-hoc-duphong/2013/06/81E21309/tinh-hinh-sot-xuat-huyet-dengue-tai-ha-noi-2
006-2011/.
Raghwani J, Rambaut A, Holmes EC, Hang VT, Hien TT, Farrar J, Wills B,
Lennon NJ, Birren BW, Henn MR, Simmons CP. Endemic dengue associated
with the co-circulation of multiple viral lineages and localized densitydependent transmission. PLoS Pathog. 2011;7(6):e1002064.
Vietnam General Statistics Office, UNFPA Viet Nam. The 2015 national
internal migration survey: major findings, vol. 250; 2016.
Nguyen-Tien T, Probandari A, Ahmad RA. Barriers to engaging communities
in a dengue vector control program: an implementation research in an
urban area in Hanoi City, Vietnam. Am J Trop Med Hyg. 2019;100(4):964-73.
Ooi E-E, Gublerle DJ. Dengue in Southeast Asia : epidemiological
characteristics and strategic challenges in disease prevention dengue no
Sudeste Asiático : características epidemiológicas e desafi os estratégicos na
prevenção da doença. CadSaude Pública,. 2008;
Phuong HL, De Vries PJ, Boonshuyar C, Binh TQ, Nam NV, Kager PA. Dengue
risk factors and community participation in Binh Thuan Province, Vietnam, a
household survey. Southeast Asian J Trop Med Public Health. 2008;39(1):7989.
Wong LP, AbuBakar S, Chinna K. Community knowledge, health beliefs,
practices and experiences related to dengue fever and its association with
IgG seropositivity. PLoS Negl Trop Dis. 2014;8(5):e2789.
Norli R, Azmi MT. A case-control study on factors affecting the
incidence of dengue fever in Johor Bahru. Malaysian J Community Heal.
2008;14(2):56–67.
Heukelbach J, De Oliveira FA, Kerr‐Pontes LR, Feldmeier H. Risk factors
associated with an outbreak of dengue fever in a favela in Fortaleza, northeast Brazil. Tropical Med Int Health. 2001;6(8):635-42.
Van Nguyen H, Than PQT, Nguyen TH, Vu GT, Hoang CL, Tran TT, et al.
Knowledge, attitude and practice about dengue fever among patients
experiencing the 2017 outbreak in Vietnam. Int J Environ Res Public Health.
2019;16(6). https://doi.org/10.3390/ijerph16060976.

Page 13 of 13

38. Tran HP, Adams J, Jeffery JA, Nguyen YT, Vu NS, Kutcher SC, Kay BH, Ryan
PA. Householder perspectives and preferences on water storage and use,
with reference to dengue, in the Mekong Delta, southern Vietnam. Int
Health. 2010;2(2):136-42.
39. Lindahl JF, Ståhl K, Chirico J, Boqvist S, Thu HT, Magnusson U. Circulation of
Japanese encephalitis virus in pigs and mosquito vectors within Can Tho
city, Vietnam. PLoS Negl Trop Dis. 2013;7(4):e2153.
40. Lindahl J, Chirico J, Boqvist S, Thu HTV, Magnusson U. Occurrence of
Japanese encephalitis virus mosquito vectors in relation to urban pig
holdings. Am J Trop Med Hyg. 2012;87(6):1076–82. https://doi.org/10.4269/a
jtmh.2012.12-0315.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

