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Abstract

Geographic pattern of dengue fever is changing due to the global environmental and climate
changes in the 21 century. Evidence of community’s knowledge, mosquito bite patterns
and protective behavior practices in non-endemic regions is limited. This study examined
the knowledge of dengue, mosquito bite patterns, protective behavior practices and their
associated factors in Hong Kong, a non-endemic subtropical city. A population-based ran-
dom telephone survey (n = 590) was conducted three weeks after the government
announcement of a local dengue outbreak in August 2018. Sociodemographic status,
awareness, knowledge, protective measures, bite patterns of mosquito were collected.
Results indicated high level of community awareness of the local outbreak (95.2%), symp-
tom identification (84.0%) and adoption of at least one mosquito protective measures
(nearly 80%). About 40% of respondents reported that they were bitten by mosquitoes dur-
ing the study period, a high mosquito season in Hong Kong. Mosquito bites were prevalent
near grassy area (63.4%), at home (42.6%) and at public transportation waiting spots
(39.6%). Younger people (< 25 years old), female, those who lived on lower floors (<the 6')
and near grassy area were at higher risk of mosquito bites at home. Respondents perceived
higher threat of dengue to society were more likely to practice mosquito prevention. While
residential factors affected their indoor prevention, other socio-demographic factors affected
the outdoor prevention. Practicing prevention behaviors were associated with self-reported
mosquito bite at home. Furthermore, the general prevention uptake rate unchanged after
the announcement of local dengue outbreak. Although the uptake rate of protective
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measures during August was high, 40% participants reported they were bitten. Also public
locations are more common area for bites, which suggested stronger mosquito prevention
and control on public environments and more personal protective behaviors should be
advocated.

Author summary

Dengue is a mosquito-borne viral disease that has rapidly spread globally in recent years.
It is transmitted by female mosquitoes by Aedes aegypti and Aedes albopictus. The best
prevention method is to control mosquito population and avoid being bitten. This study
is a telephone survey which examined the knowledge level towards dengue, patterns of
mosquito bite and protective behavior among Hong Kong population, and is the first
study examining subtropical urban knowledge, mosquito bite patterns and protective
measures adoptions against mosquito. In August 2018, 590 Hong Kong residents were
interviewed. Results indicated that about 4 out of 5 respondents could identify 1 symptom
of dengue and adopt at least 1 mosquito prevention behavior. About 40% respondents
claimed they were bitten by mosquitoes in August. The most prevalent places were near
grassy area (63.4%), home (42.6%) and transportation waiting spots (39.6%). Younger
age, female, living on lower level (6™ floor or lower), and near grassy area were associated
with self-reported mosquito bite at home. Respondents believing that dengue has a large
impact to the society were more likely to adopt protective measures. While responders’
residential factors affected their adoption of indoor protective measures, other socio-
demographic factors affected their outdoor adoption of protection.

Introduction
The global prevalence and trend of dengue fever

Dengue fever is a mosquito-borne infectious disease with more than 100 tropical and subtropi-
cal countries globally reported to be endemic[1] and it was estimated that more than half of
the total population were at risk in the world[2]. According to the World Health Organization,
the estimated annual fatality rate [1] was 2.5%, among individuals with severe dengue, with
complications like hemorrhagic fever and fluid accumulation. Dengue infection is prevalent in
Southeast Asia[3] because of the presence of its primary vector Aedes aegypti mosquitos. In
regions without this vector, including European and North American areas, imported cases
and the potential outbreak are possible due to the existence of a second mosquito vector, Aedes
albopictus. Dengue infection was commonly reported among children and teenagers[4] but
the prevalence among older age groups was also found increasing in recent decades|5].

Associated with the increasing average temperature and alterations of precipitation caused
by climate change, dengue outbreak risks have been reported or projected to increase in non-
endemic regions[6,7]. For instance, an unexpected dengue outbreak was reported in 2014 in
Japan where there had no reported dengue cases before[8]. Thus, non-endemic communities
without preparedness may be under increasing risks of dengue outbreak in response to the cli-
mate change catastrophe.

The literature on dengue fever prevention at household and personal level

In terms of primary prevention of dengue fever, protective measures against mosquitoes at
household- and individual-level were the focus of most published studies. Effectiveness of the
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use of mosquito net in controlling dengue was widely studied in endemic regions such as
South Africa and Southeast Asia[9-11]. Risk perception[12] and socio-demographic status[13]
were reported to be the associated factors of the adoption of protective measures. Community
knowledge level was found to be related to active disease detection and treatment seeking
behavior. Nevertheless, research articles about the knowledge, attitude as well as management
of dengue fever mainly focused on at-risk countries (mostly countries in the tropical region)
such as Nepal[14], Indonesia[15], India[16] and Singapore[17], limited research work had
been done within non-endemic regions despite of their increasing risks.

Mosquito surveillance and prevention and the 2018 dengue outbreak in
Hong Kong

Hong Kong is a subtropical city with the existence of the secondary vector, Aedes albopictus.
The government has implemented strategic plans such as vector control, effective epidemio-
logical surveillance (case diagnosis and referral), entomological surveillance (ovitrap index),
emergency preparedness and capacity building[18], to prevent mosquito-related public health
problems and diseases outbreaks since 2005. Ovitrap Index is a simple early warning system
for Aedes albopictus breeding and the risk of dengue in Hong Kong. As of August 2018, there
were 57 ovitrap monitoring locations in Hong Kong to monitor the territory-wide prevalence
of Aedes albopictus[19]. Health promotion campaign was also provided to the public to raise
the awareness of applying protective measures including removing stagnant water (the main
focus of the campaign), wearing light colored long sleeve clothes and using mosquito repellent
[20].

On 14 August 2018, a first local dengue outbreak [21] with 153 dengue fever confirmed
cases from January 2018 to November 2018 occurred in Hong Kong. With 29 (18.95%) of
them were identified as local cases[22], this outbreak was the largest-ever on record in terms of
the number of local cases [23].

The vulnerability of Hong Kong, the gaps to be filled and the objectives of
this study

Although the majority of the dengue fever infections in Hong Kong were imported cases[24],
it was believed that the Aedes albopictus adult mosquito production would increase[25] due to
the rising temperature caused by global warming and continuously urbanization in Hong
Kong[26]. The 2018 outbreak indicated an urgent need to strengthen the prevention strategies.
Scientific evidence, such as pattern of mosquito bites, community’s knowledge, risk perception
and current protective practices about mosquitoes, could assist in effective policy development
to protect the population from dengue fever. This study investigated 1) awareness of the 2018
outbreak and dengue related knowledge, 2) the pattern of mosquito bites, 3) the prevalence of
the use of mosquito protective measures, 4) the associated factors of the adoption of mosquito
protective measures and 5) the possible relationship between the proxy measure, ovitrap
index, and mosquito protective behaviors towards self-reported mosquito bites.

Methods
Ethics statement

This study was approved by the Survey and Behavioural Research Ethics Board, The Chinese
University of Hong Kong. Verbal consent was obtained from the participants and ethics
approval and the ethical approval was obtained from the Survey and Behavioral Research Eth-
ics committee of the Chinese University of Hong Kong.
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Hypotheses
Regarding this study, there were three hypotheses:

1. Sociodemographic factors (e.g. the age and education, and residential characteristics), ovi-
trap data, adoption of mosquito protective measures were associated with mosquito bite at
home.

2. Sociodemographic factors were associated with the adoption of mosquito protective
measures.

3. The adoption of mosquito preventive measures after the local outbreak was higher than before.

Study design and study population

A cross-sectional population-based telephone survey was conducted in September 2018, 3
weeks (6 Sep 2018 to 15 Sep 2018) after the government declaration of the dengue fever out-
break on 14 August 2018[27]. Study respondents were randomly chosen from the landline tele-
phone list covering 89.36% of households in Hong Kong[28]. At most five times of calling
were attempted on each number. Individuals responded with non-residential landline were
not included. To avoid selection bias of the phone respondents, the person with birthday clos-
est to the calling date was invited to the survey [29]. The recruited population was compared
with the Hong Kong population census in 2016 with respect to their age group, gender and
residential districts. Hong Kong residents aged 18 years or above were recruited, including
those who hold valid working or study visa. Individuals who cannot speak Cantonese and
were not in Hong Kong from April to August 2018 were excluded.

Measurement and mosquito-related behaviors and other mosquito-related
information

In the survey, respondents were asked about their awareness of the 2018 local dengue outbreak
and their understanding of dengue fever, including the transmission route, the perception
toward dengue fever, mosquito protective measures, and pattern of mosquito bites within
August 2018 (including time and locations). Individual and household level protective mea-
sures adopted against mosquitos before (14 Jul- 13 Aug) and after the government declaration
of dengue outbreak (14 Aug- 14 Sep) were collected. Indoor measures included having mos-
quito-eating plants, using anti-mosquito detergent, incense, insecticide, electronic repellent,
mosquito net (on door, on window or for bed), removing stagnant water, while outdoor mea-
sures included using chemical repellent, stickers, bracelet, and wearing light colored long
sleeves clothes. Protective measure before the outbreak announcement was used in this study
these represent people’s usual behavior. In the subsequent analysis, the measures were ana-
lyzed in 4 groups: “adopt any indoor measures”, “adopt any outdoor measures”, “adopted any
mosquito measures”, and “adopted 3 or more mosquito measures”. Finally, reasons for not
doing any protective measures were asked. For ovitrap data collection, the regional ovitrap
index data from May to August 2018 were obtained from the official webpage of the Food and
Environmental Hygiene Department[30]. Each respondent was matched with the ovitrap
index data geographically according to their reported residential districts. For those residential
districts covering more than one ovitrap regions, the involved ovitrap indices were averaged.

Statistical analysis

Descriptive statistics were used to report the socio-demographic characteristics of respondents,
awareness of the local dengue outbreak, the relevant knowledge, risk perception toward
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dengue fever, mosquito bites patterns and the adoption of protective measures before and after
the announcement of dengue outbreak. McNemar’s test was used to compare the difference of
the mosquito measures between before and after local outbreak in Hong Kong. Bivariate analy-
ses were used for identifying the associated factors of home mosquito bites and the uptake of
protective behaviors. Explanatory variables included sociodemographic factors, housing factor,
perception on dengue risk to society, perceived risk of getting dengue fever in Hong Kong and
the perceived usefulness of individual/household prevention. Explanatory variables were then
put into multivariable logistic regression if they had P-value<0.1. Statistical significance was
set 0.05. In addition, multivariable logistic regression analysis, adjusting for the significant pre-
dictors to mosquito bites in the previous regression results, was used for identifying the rela-
tionship of the protective measures and the self-reported mosquitos bite at home. The uptake
of the protective behaviors before the outbreak were used in the logistic regression model anal-
ysis, as they would represent the usual practices of Hong Kong residents. We also performed
weighted analyses based on the categories of age group and education attainment distribution
in the population and our sample, since their proportions between them were relatively large
as showed in Table 1. Age group had four categories and education attainment had three,
which led to 12 different groups of age group and education combination. According to the
population percentage of each combination of age group and education, a weight was calcu-
lated for each group in the sample. The results of weighted analyses where both age group and
education level were weighted were presented in S1-S6 Tables, which were comparable with
the results from the unweighted analysis. All statistical analyses were conducted using IBM
SPSS 21 for Windows.

Table 1. The respondent population details and the comparison with Census population data.

2016 population census Study sample (N = 590)
Age
18-24 | 9.50% 70 (11.86%)
25-44 | 35.26% 150 (25.42%)
45-64 | 36.84% 231 (39.15%)
65 or older | 18.40% 139 (23.56%)
Gender
Male | 45.10% 249 (42.20%)
Female | 54.90% 341 (57.80%)
Marital status
Non-married | 39.93% 240 (41.59%)
Married | 60.07% 337 (57.12%)
Residential district™”
Hong Kong Island | 17.22% 107 (18.14%)
Kowloon | 30.55% 181 (30.68%)
New Territory | 52.23% 302 (51.19%)
Education attainment®
Primary or below | 25.72% 87 (14.87%)
Secondary | 43.67% 255 (43.59%)
Tertiary | 30.60% 243 (41.54%)

“The Hong Kong population Census data additionally included age 15 to 17 years old.

Marine population was excluded.

https://doi.org/10.1371/journal.pntd.0008993.t001
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3000 landline numbers called

Unanswered: 1237
Invalid number: 297
Not eligible: 113

Eligible person: 1353

Refuse to participate: 631
Incomplete: 132

Completed questionnaire
Final sample size: N=590

Fig 1. The recruitment details in the telephone survey.

https://doi.org/10.1371/journal.pntd.0008993.¢001

Results

In total, 1353 eligible persons were reached and 590 respondents (response rate: 43.6%) were
successfully recruited (Fig 1).

Socio-demographic characteristics, awareness of the 2018 outbreak,
knowledge of dengue fever and risk perception

The study sample was comparable with the population data in Hong Kong Census 2016[31]
with respect to their gender, marital status and living districts (Table 1).

Knowledge related to dengue fever

In this study, 562 respondents out of 590 (95.3%) reported that they noticed the announce-
ment of local dengue fever outbreak by Hong Kong government in August 2018. For knowl-
edge related to dengue fever, 544 out of 590 (92.2%) understood that dengue fever could be
transmitted by mosquitoes and 473 of them (87.6%) correctly indicated that Aedes mosquitoes
are the vector of dengue fever. For symptoms of dengue fever (Fig 2 and S1 Table), most of the
respondents (84.0%) knew that fever was one of the symptoms, but comparatively fewer of
them could recognize other related symptoms, such as headache (20.7%) and vomiting
(12.4%).

Risk perception of dengue fever infection

Around 72.1% respondents believed that the risk for getting dengue fever in Hong Kong was
either “low” or “very low”, while about half of the respondents (51.6%) believed the risk for get-
ting dengue fever in foreign regions was “low” or “very low”. Around half (51.4%) of the respon-
dents reported that they would completely avoid going to locations with confirmed dengue
fever cases such as Wong Tai Sin and Cheung Chau in Hong Kong during the 2018 outbreak.

Patterns of mosquito bites

Out of the 590 respondents, 235 (39.8%) reported that they were bitten by mosquitoes in
August 2018. Among those reported being bitten, 26 (11.1%) indicated they have been bitten
daily. In addition, 58 out of 590 respondents (9.8%) reported that mosquito bites were affecting
their daily lives.
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Headache | 20.7%

Vomiting 12.4%
Muscle and joint pain 11.9%
Rash 4.4%
Pain behind the eyes 3.1%

Nausea I 2.0%

Swollen lymph nodes I 0.7%
| | | | | |

0% 20% 40% 60% 80% 100%
Percentage of respondents
(n=590)

Fig 2. Symptoms of dengue fever recognized by respondents in September 2018. Note: Respondents can choose more than 1 answer.

https:/doi.org/10.1371/journal.pntd.0008993.g002

Among the respondents reported mosquito bites (Fig 3 and S1 Table), 42.6% reported they
were bitten at home, and 82.6% reported bites away from home. Bites were most commonly
reported at transportation waiting spots (39.6%) and near grassy areas (63.4%).

Associated factors of mosquito bites at home

Bivariate analysis and multivariable logistic regression were performed to investigate the asso-
ciated factors of self-reported mosquito bites at home (Tables 2 and S2). Respondents of

At home 42 6%

Away from home

Near grassy arecas |(A/IIIIIIIIIIIIIIIIIIIINI A/ III/ /iy ©3.4%
At transport waiting spots [T 00000000000 39.6%
Atwork [ | 27.2%
Near water sources 19.1%
Near construction areas [ | 12.3%

During transportaton [ ""7] 11.9%
[ I I [ | |

0% 20% 40% 60% 80% 100%
Percentage of mosquito bite locations among respondents reporting bites
(n=235)

Fig 3. The locations of mosquito bites in August 2018. Note: reporting bites near grassy areas, at transport waiting spots, at work, near water sources,
near construction areas and during transportation were merged as away from home. Respondents can choose more than 1 answer.

https://doi.org/10.1371/journal.pntd.0008993.g003
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Table 2. Associated factors of mosquito bites at home.

Factors No mosquito bites (n = 472) Have mosquito bites (n = 100) p-value” AOR (95% CI) p-value$
Age <0.001*
18-24 | 48 (10.2%) 20 (20.0%) 1
25-44 | 109 (23.1%) 37 (37.0%) 0.707 (0.360-1.390) 0.315
45-64 | 189 (40.0%) 32 (32.0%) 0.380 (0.181-0.801) 0.011*
65 or older | 126 (26.7%) 11 (1.0%) 0.251 (0.096-0.655) 0.005*
Gender 0.024*
Male | 209 (44.3%) 32 (32.0%) 1
Female | 263 (55.7%) 68 (68.0%) 1.958 (1.186-3.230) 0.009*
Residential district 0.420
Hong Kong Island | 90 (19.1%) 14 (14.0%)
Kowloon | 139 (29.4%) 34 (34.0%)
New Territories | 243 (51.5%) 52 (52.0%)
Housing 0.971
Public housing | 167 (35.5%) 36 (36.4%)
Support housing | 69 (14.6%) 16 (16.2%)
Private housing | 230 (48.8%) 46 (46.5%)
Temporary housing | 5 (1.1%) 1(1.0%)
Floor Level <0.001*
<690 (19.1%) 37 (37.4%) 1
6-25 | 284 (60.4%) 53 (53.5%) 0.450 (0.270-0.750) 0.002*
>25 96 (20.4%) 9(9.1%) 0.222 (0.099-0.498) <0.001*
Live near water source 0.252
No | 268 (57.3%) 51 (51.0%)
Yes | 200 (42.7%) 49 (49.0%)
Live near bushy and grassy area 0.029*
No | 46 (9.7%) 3 (3.0%) 1
Yes | 426 (90.3%) 97 (97.0%) 3.411 (1.007-11.550) 0.049*
Live near construction site 0.183
No | 310 (66.%) 58 (59.2%)
Yes | 158 (33.8%) 40 (40.8%)
CSSA 0.179
No | 444 (94.9%) 97 (98.0%)
Yes | 24 (5.1%) 2(2.0%)
Education 0.028*
primary and below | 76 (16.3%) 8 (8.0%) 1
secondary | 206 (44.1%) 40 (40.0%) 1.396 (0.583-3.342) 0.454
post-secondary | 185 (39.6%) 52 (52.0%) 1.351 (0.518-3.520) 0.538
Chronic disease 0.024*
No | 348 (75.2%) 84 (85.7%) 1
Yes | 115 (24.8%) 14 (14.3%) 0.779 (0.389-1.558) 0.480
Regional ovitrap index 6.47 (4.97-11.05) 6.17 (4.97-11.05) 0.719
*p<0.05.
# Chi-square or Mann-Whitney U test.
$ Multivariable logistic regression.
https://doi.org/10.1371/journal.pntd.0008993.t002
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Table 3. Uptake rate of protective measures (N = 590).

Mosquito protective measures

Indoor mosquito measures
Removing stagnant water
Electronic repellent
Insecticide

Mosquito net on door and window
Mosquito incense

Mosquito plant

Mosquito net during sleep
Detergent cleaning

Outdoor mosquito measures
Mosquito chemical repellent
Light colored long clothing
Mosquito sticker

Mosquito bracelet

https://doi.org/10.1371/journal.pntd.0008993.t003

Before the local outbreak After the local outbreak McNemar’s test
N % N % p

394 66.8 400 67.8 0.345
300 50.8 327 55.5 <0.001
117 19.8 89 15.1 <0.001
111 18.8 105 17.8 0.238
75 12.7 73 12.4 0.625
51 8.6 48 8.1 0.549
16 2.7 14 24 0.500
15 2.5 15 2.5 1.000
14 2.4 15 2.5 1.000
314 53.2 300 50.8 0.049
234 39.7 225 38.3 0.243
166 28.1 173 29.3 0.230
110 18.6 103 17.5 0.265
38 6.4 25 4.2 0.001

younger age, female gender, living 6 floor or lower and near grassy area like parks, garden,
hills were shown to be significantly associated with more mosquito bites at home.

Patterns and the associated factors of protective measures adoption against
mosquito bites

The prevalence of the use of mosquito protective measures. In our sample, 363 (61.5%)
respondents believed that individual or household protection could prevent dengue infection.
About 77.8% (459 out of 590) and 77.3% (456 out of 590) respondents reported that they had
performed one or more protective measures against mosquito bites before and after the local
case announcement (Tables 3 and S3). Clearing stagnant water (51.0%), using mosquito repel-
lent (39.8%) and wearing light colored long clothing (28.1%) are the most common adopted
protective measures. McNemar’s tests found that there was an increase uptake for removing
stagnant water, and decrease uptakes in applying electronic repellent, general outdoor mos-
quito measures and the use of mosquito bracelet.

Reasons for not adopting anti-mosquito measures. Around one-fifth (22.2%) of respon-
dents reported they had not done any protective measures. Among them, 113 (86.3%) had pro-
vided reasons for not applying any measures. The main reason was “it is not necessary”
(61.1%). Only a few of them reported “I have not thought of doing it” (3.5%), “I don’t know
how to do” (0.9%), “It is no use” (0.9%) and others (33.6%).

Associated factors of mosquito protective measures (indoor, outdoor, adopt at least 1
protective measure, and adopt 3 or more protective measures). Bivariate analysis and mul-
tivariable logistic regression were performed to investigate the associated factors of the uptake
of indoor and outdoor mosquito protective measures, the adoption of at least 1 protective mea-
sure, and adoption of 3 or more protective measures” (Tables 4 and 5 and S4 and S5).

Living in New Territories, living on lower level (6 floors or lower), living near bushy, grass
area and construction site, believing individual/household protection could prevent dengue
fever, and perceiving dengue has higher impact toward whole society were associated with
adopting “indoor measures”. As for the “outdoor measures”, younger age (aged 18-24 com-
paring to 65 aged or older), female gender, having higher education level, perceiving higher
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Table 4. Associated factors of the use of indoor and outdoor protective measures against mosquito bites.

Adopt indoor measure Adopt outdoor measure
AOR (95% CI) P AOR (95% CI) P
Age
18-24 | 1 1
25-44 | 0.933 (0.490-1.776) 0.832 1.324 (0.696-2.521) 0.392
45-64 | 1.244 (0.668-2.316) 0.491 0.732 (0.385-1.393) 0.342
65 or older | 1.330 (0.685-2.581) 0.399 0.486 (0.239-0.988) 0.046*
Gender
Male | 1
Female | 1.249 (0.851-1.833) 0.257 2.226 (1.501-3.302) <0.001*
Residential district
Hong Kong Island | 1
Kowloon | 1.453 (0.850-2.481) 0.172 1.226 (0.715-2.104) 0.459
New Territories | 1.688 (1.028-2.773) 0.039* 1.622 (0.987-2.663) 0.056
Floor level
<6
6-25 | 0.493 (0.297-0.816) 0.006*
>25 | 0.518 (0.280-0.957) 0.036*
Live near water source
No 1
Yes 1.190 (0.801-1.768) 0.390
Live near bushy, grass area
No 1
Yes | 2.194 (1.162-4.142) 0.015* 1.433 (0.725-2.830) 0.300
Live near construction site
No
Yes | 1.628 (1.089-2.434) 0.018* 1.440 (0.974-2.128) 0.068
Education
Primary and below 1
Secondary 2.344 (1.281-4.288) 0.006*
Post-secondary 2.971 (1.495-5.905) 0.002*
Perceived mosquito bites affecting their daily life (Mosquito Annoyance)
No |1 1
Yes | 1.977 (0.887-4.407) 0.096 1.182 (0.586-2.382) 0.640
Dengue fever could be avoided through individual/household prevention
Disagree/Neutral | 1 1
Agree | 1.531 (1.040-2.255) 0.031* 1.292 (0.882-1.893) 0.188
The impact of dengue toward the whole society
Low
Medium | 1.653 (1.083-2.522) 0.020* 1.930 (1.265-2.946) 0.002*
High | 1.814 (1.094-3.008) 0.021* 1.811 (1.104-2.972) 0.019*
Risk for getting dengue fever in Hong Kong
Very low/low | 1 1
Medium/ very high | 0.973 (0.617-1.534) 0.907 1.372 (0.871-2.161) 0.173

*p<0.05.

https://doi.org/10.1371/journal.pntd.0008993.t004
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Table 5. Associated factors of the use of protective measures against mosquito bites.

Adopt at least 1 protective measure

Adopt 3 or more protective measures

AOR (95% CI) P AOR (95% CI) P
Age
18-24 | 1 1
25-44 | 1.228 (0.551-2.735) 0.616 0.778 (0.412-1.470) 0.440
45-64 | 0.776 (0.371-1.621) 0.499 0.481 (0.245-0.942) 0.033*
65 or older | 0.784 (0.361-1.703) 0.539 0.411 (0.190-0.890) 0.024*
Gender
Male | 1 1
Female | 1.490 (0.958-2.319) 0.077 1.845 (1.209-2.817) 0.005"
Residential district
Hong Kong Island 1
Kowloon 0.850 (0.456-1.583) 0.608
New Territories 1.958 (1.125-3.408) 0.017*
Floor level
<6 |1 1
6-25 | 0.488 (0.265-0.897) 0.021* 0.370 (0.228-0.602) <0.001*
>25 | 0.555 (0.266-1.160) 0.117 0.371 (0.201-0.683) 0.001*
Live near water source
No | 1 1
Yes | 1.081 (0.683-1.712) 0.740 1.216 (0.801-1.847) 0.358
Live near bushy, grass area
No | 1 1
Yes | 2.783 (1.399-5.537) 0.004* 1.384 (0.624-3.070) 0.424
Live near construction site
No | 1 1
Yes | 1.965 (1.210-3.190) 0.006* 1.783 (1.179-2.697) 0.006*
Education
Primary and below 1
Secondary 3.690 (1.722-7.909) 0.001*
Post-secondary 2.719 (1.179-6.269) 0.019*
Perceived mosquito bites affecting their daily life (Mosquito Annoyance)
No | 1 1
Yes | 2.132(0.702-6.474) 0.182 1.940 (0.972-3.869) 0.060
Dengue fever could be prevented through individual/household protection
Disagree/Neutral 1 1
Agree 1.064 (0.682-1.658) 0.786 2.161 (1.398-3.342) 0.001*
The impact of dengue toward the whole society
Low | 1 1
Medium | 2.139 (1.304-3.506) 0.003* 1.254 (0.794-1.980) 0.332
High | 1.958 (1.088-3.522) 0.025* 1.694 (1.001-2.867) 0.050*
Risk for getting dengue fever in Hong Kong
Very low/low | 1 1
Medium/ very high | 1.085 (0.629-1.873) 0.769 1.153 (0.720-1.847) 0.554

*p<0.05.

https://doi.org/10.1371/journal.pntd.0008993.t005
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Ovitrap index by region Self-reported biting rate by region

1 <5% 5-10% 10-15% = 15-20% <10% 10-20% = 20-30%

Fig 4. Maps of ovitrap index and self-reported biting rate in August 2018. Source: Based on the data from Hong Kong SAR Government Planning
Department, 2016 Tertiary Planning Unit and Street Block/Village Cluster (TPU&SB/VC) Boundaries.

https://doi.org/10.1371/journal.pntd.0008993.g004

dengue impact toward whole society were found to be the significant positive factors of
adoption.

Respondents who were living at lower floors, near bushy and grassy area as well as con-
struction sites, believing that individual protection could prevent dengue, and perceiving the
higher impact of dengue fever toward society were more likely to adopt at least 1 protective
measure. For those who had adopted 3 or more listed measures, younger age, female gender,
living in New Territories, higher education level, resided on floor level below 6, living near
construction site, believing dengue could be avoided by individual protection and perceiving
higher impact of dengue fever toward society were the significant associated factors.

Relationships between ovitrap index and protective measures adoption
toward self-reported mosquito bite at home

Associations between regional ovitrap index and self-reported mosquito bite at home were not
statistically significant as shown in Table 2. Fig 4 described the ovitrap index and self-reported
biting rate by region in August 2018 (S1 Data). Multivariable logistic regressions were con-
ducted on protective measures toward mosquito bites at home (S6 Table). “Adopt at least 1
protective measure” (AOR: 4.05, 95% CI: 1.67-9.67), “adopt 3 or more protective measures”
(AOR: 2.00, 95% CI: 1.25-3.20) and “adopt indoor mosquito protective measures” (AOR: 3.83,
95% CI:2.00-7.35) were positively associated with mosquito bites at home, with the adjustment
of age, gender, living floor level and living near bushy, grassy area.

Discussion

Summary of findings

In this study, more than 92% of the respondents were aware of the announcement of local den-
gue fever outbreak in Hong Kong. For the knowledge of dengue fever, more than 90% under-
stood that dengue is transmitted by mosquito. The symptoms that most of the respondents
could identify were fever (84.0%), followed by headache (20.7%). About 70% of respondents
have low risk perception of local dengue infection, though around 40% of the respondents
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reported that they were bitten by mosquitoes in August 2018. High risk locations included
near grassy area, at respondent’s home and public transportation waiting spots. Near 80% of
the respondents reported they had adopted at least one protective measure in the study period.
Younger individuals (< 25 years old) and those who lived in lower floors (<the 6th) and near
bushy area were at higher risk of home mosquito bites. Regional ovitrap index was not signifi-
cantly associated with the self-reported mosquito bites, but the adoption of mosquito protec-
tion was positively associated with self-reported bites at home.

Mosquito bites pattern

Grassy areas are the favorable environment for mosquito breeding[32]. Consistent with this
knowledge, the study result showed that people who live near these areas were more likely to
get mosquito bites. To improve the condition, different stakeholders should collaborate for
mosquito controls especially near grassy areas.

In terms of the demographic factors, younger age was associated with higher rate of self-
reported mosquito bites, while the group aged 65 or above was less likely to report mosquito
bites at home. However, literature suggested that people at older age were associated with
weaker immediate as well as delayed mosquito bite reactions[33] by Aedes albopictus. There-
fore, the lower biting rate in older adults reported might be related to their lower sensitivity of
mosquito bites. Moreover, recall bias among the older groups might also contribute to the
lower self-reported biting rate. Further studies exploring the biological mechanisms and other
possible barriers of this observation will be needed.

Association of mosquito bite and protective measure

Although protective measures were supposed to reduce the risk of mosquito bites, the relation-
ship between them could not be found in this study. The positive association between mos-
quito bites and uptake of protective measures identified in this study was consistent with
another cross-sectional study [34]. A possible explanation is that people who were affected by
mosquito bites are more willing to apply protective measures due to their needs. Experimental
study will be needed to assess the effectiveness of various protective measures.

For the bite pattern, it was found that outdoor environments were more prevalent for get-
ting bite than at home, where locations near grassy area and at the transportation spot were
the most common areas for getting bite. Given the high risk of getting bitten in public loca-
tions and the vector control measures implemented by the government, stronger mosquito
prevention and control on public environments and more effective personal protective behav-
iors should be advocated.

Uptake of protective measures

The most common adopted mosquito prevention measures were removing stagnant water at
home, wearing long light color clothing, and using mosquito repellent. These measures were
the main mosquito prevention measures promoted by Hong Kong government[35]. Such high
prevalence of adoption might reflect that the public promotion had impacted on public’s pref-
erence in mosquito prevention. In comparing the measures adoption changes between before
and after the local dengue cases, we found that removing stagnant water was significantly
increased, but the use of electronic repellent and mosquito bracelet decreased. However, the
reason for the decrease could not be concluded in this study.

Adopting indoor and outdoor measures. Furthermore, perceiving that dengue fever will
have a high impact to society was associated with the adoption of protective measures (indoor,
outdoor, at least 1 measure and more than 3 measures) in the analyses. Our results showed
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that residential factors (living in New Territories, near grassy area and construction area) were
associated with the uptake of indoor protective measures. This finding was consistent with pre-
vious studies that rural area and construction area were reported to be at high risk of mosquito
breeding [32,36]. As for the outdoor protective measures, other socio-demographic factors
(younger age, female gender, higher education level) were the significant predictors. This may
be related to their mosquito bite frequency, as younger age and female were more likely to get
bitten as mentioned above. A study in France[12] also found that higher educational level and
female gender were associated with the increased number of protective measures taken. How-
ever, a Malaysian study found no association between sociodemographic factors (including
education level) and protective practices [37].

In addition, respondents who perceived greater impact of dengue fever on the society were
associated with higher odds in adopting protective measures. More than half of the respon-
dents who did not apply any protective measures because they did not regard protective mea-
sures as necessary. This was also consistent with previous studies that risk perception was one
of the main determinants of behaviors in avoiding infection[38,39]. Awareness regarding den-
gue and the control of dengue risk should be reinforced in order to increase the uptake rate of
protective measures.

Knowledge of dengue

The most recognized symptom in this study was fever (84.0%), followed by headache (20.7%).
The proportion of respondents knowing fever as a symptom of dengue was higher in compari-
son to other dengue-endemic regions, including India[40] (59.4%), Pakistan[41] (80.2%) and
Jamaica[42] (49.5%), except for Costa Rica[43] (89%). However, for the other more distinctive
symptoms like muscle and joint pain and pain behind the eyes, were less likely to be recog-
nized. The difference may be associated with the local familiarity of dengue fever due to its
prevalence.

The knowledge of dengue fever was not found to be associated with the uptake of mosquito
prevention in this study. This result was in line with results of other studies from India[16], Sin-
gapore[44], Jamaica[42] and Pakistan[15], which suggested the presence of knowledge-practice
gap. However, a high recognition of symptoms was found to be associated with better practices
of mosquito protective measures in Costa Rica[43]. Although the association between knowledge
of dengue and the willingness to adopt protective measures were uncertain, relevant knowledge
should be beneficial to disease detection rate. Unable to recognize distinctive symptoms other
than fever and headaches might increase barriers in detecting dengue infection, since both symp-
toms were commonly seen in respiratory conditions such as common cold and influenza. Insuffi-
cient education on the symptoms of dengue fever had been reported as one of the possible
reasons for the low recognition of symptoms of dengue fever[14]. Knowledge about dengue’s
symptoms should be increased to improve detection rate and possibly protections uptake rate.

Relationship of mosquito bite and regional ovitrap index

Ovitrap is a small plastic container for detecting the larval breeding rate of Aedes albopictus
mosquitos[45]. The ovitrap index for each district reflects the prevalence of Aedes albopictus.
The index over 20% means that one-fifth of the surveyed ovitraps in that area have the eggs of
Aedes albopictus, and additional pest control operations are suggested to conduct to eliminate
mosquitos[30].

The regional ovitrap index in August was not found to be associated with the self-reported
general mosquito bite at home. There were few possible reasons to explain this finding. Firstly,
there were 5 other common mosquito types in Hong Kong besides the Aedes[20] but we do
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not have the information about the other mosquito types. Hence, in the analysis, a portion of
mosquitos was not considered, which could also affect the self-reported mosquito bite. Sec-
ondly, the ovitrap index only measures the coverage of Aedes albopictus mosquito but not the
density or total number of Aedes albopictus mosquito in the respective district[19]. Thirdly,
the ovitraps used in the study were artificial containers added in their natural breeding ground.
The breeding sites might compete with each other[46] and cause bias. Lastly, the ovitrap index
used in our study only indicated the coverage of the Aedes in the whole district. It might not be
directly associated to the situation of the residents. A review of the ovitrap placement location
might be required.

Lion Rock Park dengue outbreak and the utility of ovitrap data. On 15 August 2018,
the Hong Kong government announced the first local dengue outbreak within Hong Kong in
the year[21]. The source of the outbreak was traced back to Lion Rock Park. The closest ovitrap
location is in Wong Tai Sin Central. Although it did not reside in the top 10 high ovitrap index
regions in July nor August among all 57 surveyed locations, the ovitrap index in that area
remained high from May to July (23.4% to 21.8%). Other than Wong Tai Sin Central, only two
more surveyed locations were up to that high level in this period. To our knowledge, although
the ovitrap index did not directly reflect the possibility of outbreak[46], it provided informa-
tion for identifying the environmental conditions that enhance the spread of dengue fever
prior to the outbreak, which is useful for public health surveillance, as well as the designing the
preparedness and response plan in the future. To further utilize the ovitrap index and fully
reflect the situation of mosquito problem in that district, ovitraps could be placed at more loca-
tions and the locations should be chosen more carefully.

Implication

This study found that the knowledge about the health impacts and the symptoms of the dengue
fever among subjects were limited among Hong Kong population. Government should inform
the public about the potential threat of the dengue and also help them to distinguish if they
were infected easily. As for the individual/household preparedness, younger age, female gen-
der, participants who living on lower level were reported to be the high-risk groups for getting
mosquito bites at home. To further reinforce the protection, stronger prevention measures
should be adopted by the government since mosquito bites were more commonly occurred in
public places. At household and individual level, mosquito net could be considered due to its
proved effectiveness[47] and the low usage rated found in the survey.

Strengths and limitations

To the authors’ knowledge, this is the first study providing evidence in regard of mosquito bite
patterns and protective measures adoptions in a non-dengue-endemic subtropical urban city.
Apart from the report of mosquito bites and mosquito prevention measures, this study also
associated subject’s residential environment and their perception with the uptake of the pro-
tective measures.

There were few limitations found in the study. Firstly, this study only assessed bite patterns
in one month. The period prevalence of getting bitten in our study might not reflect the whole
summer, although the study was conducted in one of the months with the highest number of
ovitrap index recorded in a year. Secondly, the cross-sectional survey could not explicitly iden-
tify the temporal relationship between the mosquito protection measures, the mosquito bite
status and the effectiveness of those measures. Nevertheless, the association patterns were con-
sistent with a cross-sectional study about traveler and their mosquito prevention[34]. Thirdly,
this study only assessed if respondents had applied protective measures but was not able to
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capture neither the frequency nor the quality of application due to the time constraint of tele-
phone survey. Hence, further studies would need to include more related variables and investi-
gate the effectiveness of the measures. Fourthly, it should also be highlighted that besides
Aedes albopictus, there were another 5 common mosquitoes existing in Hong Kong[48]. Mos-
quito bite described in this study were not solely limited to dengue vectors but included other
mosquito species. Hence, it might also explain the insignificant association of ovitrap index
and mosquito bite. Fifthly, the self-reported approach adopted in this study might raise the
issue of accuracy in estimating prevalence of mosquito bites and the use of protective mea-
sures, especially the recall ability of the subjects could be affected by age[49]. Lastly, this is a
telephone survey study which households did not use a landline would not be reached.

Conclusion

This study explored the knowledge of dengue fever, pattern of mosquito bites, use of protective
measures and their associating factors among Hong Kong population using a cross-sectional
random telephone survey 3 weeks after a dengue outbreak. Despite the high awareness of den-
gue outbreak, knowledge of symptoms and uptake rate of protective measures against mos-
quito bites in the subtropical city, mosquito bites were common in public places in summer
months. This suggested the effectiveness of current protective measures was needed to be
improved, especially for the grassy area and construction area near residents. Participants with
high perception of risk to society were more likely to adopted protective measures against
mosquito bites. Strategic anti-mosquito bite policies should target on raising the risk percep-
tion of local dengue, and target on males and people with lower education level.
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