
PUBLISHED VERSION 
 

Michael Xiaoliang Tong, Alana Hansen, Scott Hanson, Easey, Scott Cameron, Jianjun Xiang, 
Qiyong Liu, Xiaobo Liu, Yehuan Sun, Philip Weinstein, Gil, Soo Han, Craig Williams and Peng 
Bi 
Perceptions of malaria control and prevention in an era of climate change: a cross-
sectional survey among CDC staff in China 
Malaria Journal, 2017; 16(1):136-1-136-10 
 
 
© The Author(s) 2017. This article is distributed under the terms of the Creative Commons 
Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/), which 
permits unrestricted use, distribution, and reproduction in any medium, provided you give 
appropriate credit to the original author(s) and the source, provide a link to the Creative 
Commons license, and indicate if changes were made. The Creative Commons Public Domain 
Dedication waiver (http://creativecommons.org/ publicdomain/zero/1.0/) applies to the data 
made available in this article, unless otherwise stated. 

Published version: http://dx.doi.org/10.1186/s12936-017-1790-3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
http://hdl.handle.net/2440/105318 

PERMISSIONS 

http://creativecommons.org/licenses/by/4.0/ 

       

 

23 May 2017 

http://dx.doi.org/10.1186/s12936-017-1790-3
http://hdl.handle.net/2440/105318
http://creativecommons.org/licenses/by/4.0/


Tong et al. Malar J  (2017) 16:136 
DOI 10.1186/s12936-017-1790-3

RESEARCH

Perceptions of malaria control 
and prevention in an era of climate change: a 
cross-sectional survey among CDC staff in China
Michael Xiaoliang Tong1, Alana Hansen1, Scott Hanson‑Easey1, Scott Cameron1, Jianjun Xiang1, Qiyong Liu2, 
Xiaobo Liu2, Yehuan Sun3, Philip Weinstein4, Gil‑Soo Han5, Craig Williams6 and Peng Bi1* 

Abstract 

Background: Though there was the significant decrease in the incidence of malaria in central and southwest China 
during the 1980s and 1990s, there has been a re‑emergence of malaria since 2000.

Methods: A cross‑sectional survey was conducted amongst the staff of eleven Centers for Disease Control and Pre‑
vention (CDC) in China to gauge their perceptions regarding the impacts of climate change on malaria transmission 
and its control and prevention. Descriptive analysis was performed to study CDC staff’s knowledge, attitudes, percep‑
tions and suggestions for malaria control in the face of climate change.

Results: A majority (79.8%) of CDC staff were concerned about climate change and 79.7% believed the weather was 
becoming warmer. Most participants (90.3%) indicated climate change had a negative effect on population health, 
92.6 and 86.8% considered that increasing temperatures and precipitation would influence the transmission of 
vector‑borne diseases including malaria. About half (50.9%) of the surveyed staff indicated malaria had re‑emerged in 
recent years, and some outbreaks were occurring in new geographic areas. The main reasons for such re‑emergence 
were perceived to be: mosquitoes in high‑density, numerous imported cases, climate change, poor environmental 
conditions, internal migrant populations, and lack of health awareness.

Conclusions: This study found most CDC staff endorsed the statement that climate change had a negative impact 
on infectious disease transmission. Malaria had re‑emerged in some areas of China, and most of the staff believed 
that this can be managed. However, high densities of mosquitoes and the continuous increase in imported cases of 
malaria in local areas, together with environmental changes are bringing about critical challenges to malaria control 
in China. This study contributes to an understanding of climate change related perceptions of malaria control and 
prevention amongst CDC staff. It may help to formulate in‑house training guidelines, community health promotion 
programmes and policies to improve the capacity of malaria control and prevention in the face of climate change in 
China.
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Background
Climate change is one of the most critical challenges 
confronting the world today. The process of rapid devel-
opment and excessive human activities have caused an 

increase of 0.85 ± 0.2 °C in global mean temperature over 
the period from 1880 to 2012 [1]. In China, the average 
surface temperature has increased 1.3  °C over the past 
58  years (1951–2008) [4] and rapid economic devel-
opment has been accompanied by landscape changes, 
environmental degradation, increased urbanization and 
frequent natural disasters [2]. Precipitation has declined 
in southern parts of China over the last century but 
increased by 22–33% in north-west China [1]. The most 
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recent Intergovernmental Panel on Climate Change 
report (IPCC Fifth Assessment Report) in 2014 has pre-
dicted an increase of 1.1–6.4 °C in the average global land 
and ocean surface temperature from 1990 to 2100 and 
about 0.4–6  °C increase is projected for China over the 
period [1]. Climate change has had a negative influence 
on the transmission of infectious diseases [1, 3].

One of the concerns of health authorities in China is 
the possible influence of climate change on vector-borne 
diseases, especially malaria, a mosquito-borne disease 
which the authorities aim to eradicate by 2020 [4, 5]. 
Malaria is a life-threatening parasitic disease, which has 
been a serious public health problem in China and many 
other countries. Plasmodium vivax and Plasmodium fal-
ciparum are two predominant species of Plasmodium in 
China [6, 7], and the primary vectors are Anopheles mos-
quito species breeding in the streams, pools, paddy fields 
and other water bodies [8]. Considerable efforts have 
been made to address this public health issue in China, 
which has resulted in a significant decline in its occur-
rence during the 1980s and 1990s [9]. The reduction in 
malaria is considered to have been due to exponential 
improvements in the socioeconomic status and pub-
lic health interventions [9]. However, early this century 
there was a re-emergence of the disease over several years 
[10]. Malaria incidence rapidly increased after 2000 and 
reached its peak in 2006, during which there were 64,178 
cases reported in China [11]. Incidence then decreased 
markedly between 2007 and 2014 (Fig.  1) when there 
were 3078 cases reported, most being concentrated in 
the southwest region—Yunnan Province, central and east 
region—Anhui, Henan and Jiangsu provinces [6]. Possi-
ble reasons for this re-emergence may include meteoro-
logical factors, climate change, increased mosquitoes and 
imported cases, as studies in China have indicated that 
these factors could have impacts on the transmission of 
malaria [10, 12–14]. Given the high-density population, 
rapid economic development, urbanization and increas-
ing numbers of international travelers in China, there is 
an urgent need to understand the effectiveness of current 
infectious disease control and prevention of malaria in 
the face of climate change.

The Center for Disease Control and Prevention 
(CDC) is an official health agency to protect and 
improve public health and safety by providing informa-
tion to enhance health decisions, and promote health 
through partnerships with provincial health depart-
ments and other organizations [15]. One of the signifi-
cant duties of CDC is infectious disease surveillance, 
control, and prevention [15]. There are three levels of 
CDCs in each Province: a provincial-level CDC, prefec-
tural-level CDCs and county/district-level CDCs [16]. 
The main duties of the provincial-level CDC include the 

guidance of disease control and prevention across the 
Province, the provision of professional management, 
technical support and organizational coordination [15]. 
Prefectural-level CDCs and county/district-level CDCs 
are directly responsible for frontline work of infectious 
disease detection, response, control and elimination, 
and outbreak investigation in local areas [15]. Conse-
quently, CDC staff are likely to be sensitive to emerg-
ing and re-emerging infectious disease threats, and it 
would be valuable to explore their perceptions of infec-
tious disease control and prevention in the face of cli-
mate change.

The aim of this study was to investigate perceptions 
of CDC staff regarding climate change and malaria con-
trol and prevention in China. The findings of this survey 
highlight the perceptions of China CDC staff of infec-
tious disease control and prevention in the light of cli-
mate change. The collective knowledge and experience 
of the staff may prove useful in preparing for possible 
increases in malaria and assist policy-makers to formu-
late adaptation strategies for malaria in China in the con-
text of a changing climate.

Methods
A questionnaire instrument was administrated to CDC 
staff in China. Questions were formulated following a 
review of relevant literature on climate-sensitive dis-
eases in China [17–20]. The full questionnaire explored 
participants’ beliefs about climate change, which infec-
tious disease(s) would most likely be affected by climate 
change; perceptions of disease control and prevention; 
and suggested strategies to strengthen the current capac-
ity to deal with emerging and re-emerging infectious dis-
eases. The questionnaire also included five open-ended 
response questions, which provided opportunities for 

Fig. 1 Number of malaria cases in China 2000–2014. Data source was 
from China National CDC. http://www.chinacdc.cn

http://www.chinacdc.cn
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participants to comment more openly on infectious dis-
ease risk factors. The questionnaire was designed in 
English and then translated into Chinese. Experts in the 
China National CDC validated the draft questionnaire, 
and relevant revisions were made in accordance with rec-
ommendations of experts. The questionnaire was then 
piloted among 18 internal staff in the China National 
CDC. The results of the pilot testing showed that the 
questionnaire was clear and well understood. This study 
reports on a subset of questions relating to malaria and 
climate change. The relevant section of the questionnaire 
is included in Additional file 1.

Study population
The study population was health professionals in China 
CDCs whose roles included infectious disease control 
and prevention, public health, medical laboratory exami-
nation and emergency response in their CDCs. Eleven 
CDCs were involved in this study; three provincial CDCs 
in Anhui, Henan, and Yunnan Provinces, four prefec-
tural, and county CDCs in the provinces (Fig.  2). The 
targeted CDCs in Anhui, Henan and Yunnan provinces 
were selected through discussion with key informants in 
the China National CDC. These provinces were selected 
as they had a high incidence of malaria at the time of the 

study and it was thought that participants could provide 
informed responses as they had direct experience to deal 
with malaria.

Study sites
Covering an area of 9.6 million square kilometres, China 
has a population of 1.36 billion with several climate zones 
[21]. Figure 2 shows the study sites.

Anhui Province, located in East China, has a total area 
of 139,600 km2, a population of 60.8 million and GDP of 
the Province in 2015 was 2200.56 billion Yuan [22–24]. 
It has a warm-temperate, semi-humid monsoonal climate 
with an average annual temperature between 14 and 
17 °C, and precipitation between 800 and 1800 mm [22]. 
China’s largest and third largest rivers, Yangtze and Huai, 
run through the Province [22].

Henan Province, located in Central China, has a total 
area of 167,000  km2, with a population of 106.6  mil-
lion, is the most populous Province in China [25]. The 
GDP of the Province in 2014 was 3493.93 billion Yuan 
[25]. Henan has a temperate climate with four distinct 
seasons. The average annual temperature is between 
10.5 and 16.7 °C, and precipitation varies from 407.7 to 
1295.8 mm [25]. China’s second and third largest rivers, 
Yellow and Huai, run through the Province [25].

Fig. 2 Study sites and sampling CDCs in China
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Yunnan Province, located in the Southwest of China 
and bordered by Vietnam, Myanmar, and Laos, has a 
total area of 394,000  km2, a population of 46.8 million 
and GDP of the Province in 2014 was 1281.45 billion 
Yuan [26, 27]. It has a sub-tropical highland monsoonal 
climate. The hottest month is July (19–22  °C) and the 
coldest is January (6 and 8 °C) [28]. The annual precipita-
tion is above 1000 mm in most areas of Yunnan, and 85% 
of the precipitation falls between May and October [28]. 
Six major river systems and many tributaries run through 
the Province [27].

Data collection
Three well-trained researchers conducted the fieldwork 
in China in May 2015. In order to facilitate the question-
naire distribution and to maximize response rates, inves-
tigators made contacts with the principal informants 
working in the selected CDCs and briefly introduced the 
survey’s aims and main content, then invited them and 
their colleagues to participate. Participation was volun-
tary, and no incentives were offered. As responses were 
anonymous, participants were given clear instructions 
not to include any personal identifying information on 
the questionnaire. In total, 624 questionnaires were dis-
tributed and later collected from the participating CDCs. 
All questionnaires were collected, 557 were complete, 67 
questionnaires were incomplete. Therefore, the response 
rate for this study was 89.3%.

Statistics
Data entry was facilitated using EpiData 3.1 software 
(EpiData Association, Odense M, Denmark). Stata 13 
(Stata Corporation, College Station, Texas, USA) was 
used to perform all statistical analysis. The demographic 
characteristics of health professionals were descriptively 
analysed. The relationship between demographic vari-
ables and perception variables was assessed using Chi 
square test, or Fisher’s exact tests if expected cell fre-
quencies were less than or equal to five [18, 29]. Results 
were considered statistically significant at a p value <0.05.

Ethics approval
The study was approved by the University of Adelaide 
(Approval No. HS-2013-052), the University of South 
Australia (Approval No. 0000032268), Monash Univer-
sity (Approval No. CF13/3263-2013001642), Anhui Med-
ical University (Approval No. 2013007) and the Chinese 
Center for Disease Control and Prevention (Approval 
No. ICDC-2013002). Informed consent was obtained 
from individual participants. This consent procedure 
was approved by the Chinese Center for Disease Control 
and Prevention, and conducted in accordance with its 
guidelines.

Results
Demographic characteristics
In this cross-sectional survey, 557 questionnaires were 
included (268 Males and 275 Females), ranging from 20 
to 61  years of age. The demographic characteristics are 
described in Table 1. One hundred and fifty-four partici-
pants were from Anhui CDCs; 231 from Henan CDCs 
and 172 from Yunnan CDCs. There were 54.8% working 
in Provincial-level CDC, 27.6% working in Prefectural-
level CDC and 17.6% working in District/County-level 
CDC. With regard to the level of education, the major-
ity of the participants (73.5%) held university degrees. 
There were 42.6% of the participants who had <10 years 
working experience at the CDC, and 26.5% had worked 
for more than 20  years. Junior level staff accounted for 

Table 1 Demographic characteristics of  the participants 
(N = 557)

a The total number may not be equal to 557 for all items as some questions 
were not answered

Characteristics Numbera Percent (%)

Sites

 Anhui 154 27.6

 Henan 231 41.5

 Yunnan 172 30.9

Age group (years)

 20–39 301 57.8

 ≥40 220 42.2

Gender

 Male 268 49.4

 Female 275 50.6

Levels of CDC

 Provincial 305 54.8

 Prefectural 154 27.6

 District/county 98 17.6

Educational level

 Below undergraduate 142 26.5

 Bachelor degree 230 42.8

 Master degree or above 165 30.7

Length of employment at CDC (years)

 ≤9 200 42.6

 10–19 145 30.9

 ≥20 124 26.5

Professional level

 Junior 160 28.7

 Intermediate 228 40.9

 Senior 106 19.1

 Other 63 11.3

Specialty

 Infectious disease control and prevention 235 56.8

 Public health 80 19.3

 Medical laboratory 83 20.0

 Emergency response 16 3.9
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28.7% of the total participants, intermediate level staff 
40.9% and senior level staff 19.1%. More than half of 
the participants (56.8%) undertook duties pertaining to 
communicable disease control and prevention (includ-
ing disinfection and vector control, and immunization), 
19.3% performed other public health duties (including 
environmental, occupational, food and school hygiene), 
20.0% worked in medical laboratories, and 3.9% worked 
in emergency response department.

Perceptions of climate change
Table  2 shows the participants’ perception of climate 
change. The majority (79.8%) were either concerned or 
very concerned about climate change, and 18.9% were 
slightly concerned. Furthermore, participants in Henan 
were the most likely to be concerned about climate 
change (p = 0.039) (see Additional file 2). In the answer 
to the question “Do you think your area is becoming 
warmer?”, 79.7% of participants said “Yes”, 5.0% indi-
cated “No” and 15.3% were “Unsure”. Less than one-third 
of participants thought they had a good understanding 
of climate change, and the majority (88%) need more 
information about the health impacts of climate change. 
Additionally, male staff appeared to have a better under-
standing of climate change than female staff (χ2 =  5.53, 
p =  0.019). Staff who had been employed for <10  years 
were less likely to have a good understanding of climate 
change (χ2 = 9.17, p = 0.01) (see Additional file 2).

CDC staff’s perceptions of the impact of climate 
change on public health are summarized in Fig. 3. Over-
all, 500 participants (90.3%) indicated climate change 
would have a negative effect on population health, 
514 (92.6%) and 481 (86.8%) participants stated that 

predicted temperature increases and precipitation would 
influence the transmission of infectious diseases. Most 
participants (86.1%) agreed that climate change would 
increase the transmission of vector-borne diseases, and 
83.9% expected that climate change would promote 
malaria transmission. Also, such perceptions were con-
sistent across participants from different CDCs. We also 
found no significant difference in the perceptions of cli-
mate change between these who work in the frontline for 
disease control and other CDC staff.

Perceptions of malaria control and prevention
As shown in Table  3, overall, about half (52.4%) of the 
CDC staff thought the number of mosquitoes had 
increased over the past 10 years—more in Yunnan, than 
in Henan and Anhui. There was no significant differ-
ence across these three provinces about the participants’ 
perception (χ2 = 4.57, p = 0.335). However, the number 
of mosquito-borne diseases was perceived to be high-
est (55.2%) in Yunnan (χ2 =  14.49, p =  0.006), and cor-
respondingly fewer participants from Yunnan CDCs 
claimed there were enough vector control programmes 
implemented, compared with those from other prov-
inces. About 60% of those from Anhui and Yunnan indi-
cated that mosquito-borne diseases had increased and 
that this was attributable to climate change while fewer 
(47.3%) participants from Henan held this opinion.

Participants from Anhui Province were less likely to 
indicate that malaria had re-emerged in their jurisdic-
tion (χ2  =  26.24, p  <  0.001), than those in Henan and 
Yunnan province. Regarding the perceived geographi-
cal expansion of malaria, about 36% of participants 
from Henan and Yunnan indicated that they believed 
malaria had moved into new geographic areas, while 
significantly fewer (17.4%) participants held this view in 
Anhui (χ2 =  18.23, p =  0.001). Twenty per cent of par-
ticipants from Anhui indicated that malaria occurrences 
were arising at unusual times of the year, and more par-
ticipants in Henan (26.8%) and Yunnan (33.8%) held this 
opinion. More than two-thirds (73.2%) of participants 
thought current prevention methods and the National 
Malaria Programme were effective in reducing the inci-
dence of malaria, and the majority (64.5%) of participants 
indicated that the local residents in the population were 
well informed about how to reduce the risk of malaria 
(Table  3). Moreover, compared with other CDC staff, 
these who were directly related to the frontline work of 
disease control CDC staff were more likely to indicate 
that malaria had re-emerged in their regions in recent 
years (see Additional file 2).

Table 2 CDC staff’s thoughts on climate change items

Thoughts on climate change items Numbera Percent (%)

How concerned are you about climate change?

 Very concerned 163 29.3

 Concerned 281 50.5

 Slightly concerned 105 18.9

 Not concerned 7 1.3

Do you think your area is becoming warmer?

 Yes 443 79.7

 No 28 5.0

 Unsure 85 15.3

Do you have a good understanding of climate change?

 Yes 171 31.1

 No 379 68.9

Do you need more information about the health impacts of climate 
change?

 Yes 493 88.7

 No 63 11.3
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Perceptions of the potential main risk factors for malaria
The perceived main risk factors for malaria in China 
were explored with an open-ended question. Partici-
pants were asked ‘What do you think are the main risk 
factors for malaria in your region?’ Table  4 summarizes 
these results. The most frequently reported risk fac-
tor for malaria in China was mosquitoes in high-density 
(23.5%), and 21.9% of participants believed imported 
case of malaria from overseas was a risk factor. Further-
more, 12.8% of participants implicated climate change, 
10.6% thought poor environmental conditions, and 8.8% 
indicated internal migrant population and lack of health 
awareness as other significant risk factors for malaria. 
In addition, 12% of participants also thought insufficient 
control measures, numerous mosquito breeding sites, 
poor living conditions, poor management of imported 
cases and geographical factors could contribute to the 
transmission of malaria.

Discussion
This is the first study to explore CDC staff’s views and 
understanding of climate change and the transmission 
of malaria in China. Results showed most participants 
in our survey were either concerned (50.5%) or very 
concerned (29.3%) about climate change, and about 
19% of participants were slightly concerned. The major-
ity (79.7%) of participants indicated they thought the 
weather was becoming warmer. However, perceived 
knowledge of climate change was limited. Less than one-
third of participants (31.1%) reported they had a good 
understanding of climate change and nearly 90%, espe-
cially females and new staff, indicated they need more 
information about climate change impacts. Further in-
house training activities could be promoted to improve 
staff’s knowledge and understanding of climate change. 

This is consistent with other studies highlighting the need 
for training and education among CDC staff [29–31].

The vast majority of participants indicated climate 
change would have an adverse impact on population 
health, and increase the transmission of infectious dis-
eases, which is line with other studies [32–34]. In particu-
lar, 92.6 and 86.8% of participants indicated increasing 
temperatures and rainfall would influence infectious dis-
ease transmission. Furthermore, over 80% of participants 
believed that climate change would affect vector-borne 
diseases, including the transmission of malaria. These 
findings suggest that more attention needs to be paid 
to malaria control and prevention in the face of climate 
change to meet the goal of the China National Malaria 
Elimination Programme by 2020 [5].

About half of the participants indicated they thought 
the number of mosquitoes had increased over the past 
10  years in their regions, despite some vector control 
programmes being implemented in place. This increase 
could be due to different reasons, such as urbanization, 
landscape changes, and the reduction of biodiversity 
[35]. It may also indicate that current vector control pro-
grammes need to be further improved. Some partici-
pants stated that mosquito-borne diseases had increased 
over the period, and this perception was highest in Yun-
nan Province compared to the other two provinces. This 
could be due to hotter, more humid weather in Southwest 
China and numerous imported cases from neighbour-
ing epidemic countries such as Vietnam, Myanmar, and 
Laos [36, 37], suggesting regional cooperation such as 
data sharing and information exchange is imperative for 
malaria and other vector-borne diseases control. Among 
those participants who believed mosquito-borne diseases 
had increased, more than half considered the increase 
was associated with climate change. Studies have found 

Fig. 3 Perception of impacts of public health in the face of climate change
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that climate change-induced warmer weather acceler-
ates mosquito life cycles, hastens the development of 
the malaria parasite within the vector, and contributes to 
mosquito breeding and biting, and thus disease transmis-
sion [10, 12, 38]. Furthermore, warmer weather may have 
also changed human behavior that could contribute to 
disease transmission [38].

More than half the participants from Henan and Yun-
nan CDCs indicated malaria had re-emerged in recent 
years. This may be due to the increased number of 
imported malaria cases from overseas (foreign national-
ity or Chinese workforce infected overseas) and the risk 
of transmission of infected individuals present to the 
local population [6, 7]. Furthermore, more participants 
in Henan and Yunnan thought malaria was occurring in 
new geographic areas, which are consistent with other 
studies showing that malaria was emerging and re-emerg-
ing in these regions [8, 36, 37]. Greater prevention and 
control efforts should aim to inhibit malaria transmission 
in these areas. Although other studies also found malaria 
had re-emerged in Anhui Province since 2000 [10, 39], 
participants from Anhui CDCs in this survey were less 
likely to claim that malaria re-emergence and geographic 
expansion had occurred. This could be due to the great 
reduction of malaria cases in Anhui Province from 34984 
in 2006 to only 144 in 2014 [11]. Hence, CDC staff in 
Anhui may be less likely to have observed that malaria 
had re-emerged compared with the other two Provinces. 
In addition, the current National Malaria Programme 
and other related prevention and control measures were 
thought to be effective in reducing malaria incidence 
by most of the participants in this survey, which could 
affirm the overall effectiveness of current control plans. 
However, in other regions such as Yunnan there may be 
a need for plans to be further improved to meet the aim 
of malaria elimination. Furthermore, it will be interesting 
to know the reasons for the different perceptions of the 
CDC staff between Henan and Anhui Provinces in terms 

of malaria emergence and re-emergence, and expansion 
of epidemic foci, because the two Provinces, especially 
the malaria epidemic foci are next to each other. In addi-
tion, frontline CDC staff were more likely to indicate that 
malaria re-emerged which could be due to the fieldwork 
experience they had, compared with other workers. More 
relevant research among frontline staff in the prefecture 
and county lower-level CDCs should be conducted to 
assess the re-emergence of malaria in the context of cli-
mate change in China.

The perceived risk factors yielded from open-ended 
questions are consistent with other studies showing risk 
factors associated with emergence and re-emergence 
of malaria in China [35, 38, 40, 41]. High densities of 
infected Anopheles mosquitoes would significantly con-
tribute to the transmission of malaria, and this has been 
considered one of the most important factors leading 
to increased incidence of malaria worldwide [38, 40]. 
Moreover, CDC staff indicated that malaria control and 
prevention has been severely jeopardized by the grow-
ing number of imported cases of malaria, which has also 
been highlighted by other studies [42–44]. This trend of 
imported malaria to China has increased gradually since 
2006. In 2014, the imported cases of malaria accounted 
for 98.1% of all malaria cases in China [6]. This implies 
that action is needed to curb the increasing numbers of 
imported cases by warning outgoing travelers to avoid 
potential risk areas or take necessary preventive meas-
ures, screening incoming international travelers and 
returning Chinese workers from overseas to detect and 
treat cases, and identify types of imported cases [6]. In 
addition, regional cooperation at the policy level, espe-
cially between China and its neighbouring countries, 
such as Vietnam, Myanmar, and Laos, is very important, 
in terms of establishment of a similar surveillance system 
for information exchange, regional collaboration for vec-
tor control [45]. Furthermore, more attention to climate 
change, environmental improvement, internal migrant 
populations, and health education programmes would 
also be necessary to reduce the incidence of malaria in 
China.

This study has several limitations. Firstly, the study par-
ticipants were from 11 selected CDC, and the result may 
not be entirely representative of all CDC staff. Secondly, 
although the study started with a relatively large number 
of health professionals, the county-level and prefectural-
level CDC sample was comparatively small compared 
with the provincial-level CDC. Future studies could 
enlarge the samples to recruit more county-level and pre-
fectural-level CDC staff who are working on the frontline 
for disease control and prevention. Thirdly, the ques-
tionnaire survey was conducted in Chinese, and there 
may be some minor anomalies in translation. Fourthly, 

Table 4 Potential main risk factors of malaria

Risks were explored by open-ended questions. Keywords of risks were listed in 
the table. The frequency did not equal to total 557 as some participants either 
did not answer the questions or answered unclear/unsure about the potential 
main risk factors

Potential main risk factors Frequency Percent (%)

Mosquitoes in high‑density 71 25.1

Imported cases 62 21.9

Climate change 36 12.8

Poor environmental conditions 30 10.6

Internal migrant population 25 8.8

Lack of health awareness 25 8.8

Others 34 12.0
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response biases may happen as participants may over-
estimate or underestimate their knowledge and com-
petence. Furthermore, as malaria cases have decreased 
in China between 2007 and 2014 (Fig. 1) the terms “re-
emerged” and “in recent years” in the questionnaire could 
be viewed subjectively by participants and could be taken 
to mean the last 15  years or since the 2006 peak. Nev-
ertheless, this study represents health professionals’ per-
ception of infectious disease control and prevention in 
the face of climate change and also indicates a significant 
finding that CDC staff may benefit from more scientific 
information on climate change that, in turn, may help 
improve the capacity for malaria control and prevention 
in the face of climate change in China.

Conclusions
This study found most CDC staff endorsed the state-
ment that climate change has had a negative impact on 
infectious disease transmission. Malaria is reportedly re-
emerging in some areas. However, high densities of mos-
quitoes and the continuous increase in imported cases 
of malaria in local areas are critical challenges to malaria 
control. Further efforts in mosquito density control, 
imported case surveillance and management, regional 
cooperation for malaria control and information shar-
ing, climate change-related research and monitoring of 
potential re-emerging malaria areas are urgently needed. 
Additionally, comprehensive response measures consid-
ering issues of urbanization, internal migrant population, 
working and living conditions and optimized health pro-
motion strategies are likely to be fruitful in building the 
capacity of infectious disease control to curb the possi-
ble health impact of emerging and re-emerging malaria 
in China.

Abbreviations
CDC: Center for Disease Control and Prevention; IPCC: Intergovernmental 
Panel on Climate Change.

Authors’ contributions
MXT analysed and interpreted the data, and drafted the manuscript. AH 
designed the questionnaire. MXT, JX, and XL conducted the field survey. AH, 
SHE and PB revised and edited the manuscript. SC, JX, QL, YS, PW, GSH, and 
CW reviewed the document. All authors contributed to the final version of the 
manuscript. All authors read and approved the final manuscript.

Author details
1 School of Public Health, The University of Adelaide, Level 8, Hughes Building, 
North Terrace Campus, Adelaide, SA 5005, Australia. 2 State Key Labora‑
tory of Infectious Disease Prevention and Control, Collaborative Innovation 
Center for Diagnosis and Treatment of Infectious Diseases, National Institute 

Additional files

Additional file 1. Questionnaire.

Additional file 2. Supplementary tables.

for Communicable Disease Control and Prevention, Chinese Center for Disease 
Control and Prevention, Beijing 102206, China. 3 Department of Epidemiology, 
Anhui Medical University, Hefei 230032, Anhui, China. 4 School of Biological 
Sciences, The University of Adelaide, Adelaide, SA 5005, Australia. 5 Commu‑
nications and Media Studies, School of Media, Film and Journalism, Monash 
University, Clayton, VIC 3800, Australia. 6 School of Pharmacy and Medical 
Sciences, University of South Australia, Adelaide, SA 5001, Australia. 

Acknowledgements
We thank the China National CDC and all local CDCs getting involved in this 
study for their assistance in the distribution and return of questionnaires. All 
survey participants are greatly appreciated for their valuable contributions.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
The datasets during and/or analysed during the current study available from 
the corresponding author on reasonable request.

Ethics approval and consent to participate
The study was approved by the University of Adelaide (Approval No. HS‑2013‑
052), the University of South Australia (Approval No. 0000032268), Monash 
University (Approval No. CF13/3263‑2013001642), Anhui Medical University 
(Approval No. 2013007) and the Chinese Center for Disease Control and Pre‑
vention (Approval No. ICDC‑2013002). Informed consent was obtained from 
individual participants. This consent procedure was approved by the Chinese 
Center for Disease Control and Prevention, and conducted in accordance with 
its guidelines.

Funding
This study has been funded by the Department of Foreign Affairs and Trade 
through the Australian Development Research Awards Scheme under an 
award titled ‘How best to curb the public health impact of emerging and 
re‑emerging infectious diseases due to climate change in China’ (Project 
ID: 66888) and the National Basic Research Program of China (973 Program) 
(Grant No. 2012CB955504). The views expressed in the publication are those 
of the authors and not necessarily those of the Department of Foreign Affairs 
and Trade or the Australian Government. The Commonwealth of Australia 
accepts no responsibility for any loss, damage or injury resulting from reliance 
on any of the information or views contained in this publication.

Received: 7 September 2016   Accepted: 24 March 2017

References
 1. Intergovernmental Panel on Climate Change. Climate change 2013: the 

physical science basis. In: Contribution of Working Group 1 to the Fifth 
Assessment Report of the Intergovernmental Panel on Climate Change. 
Cambridge, UK: Cambridge University Press; 2013.

 2. The National Development and Reform Commission. China’s policies and 
actions for addressing climate change. Beijing: National Development 
and Reform Commission of the People’s Republic of China; 2013.

 3. Intergovernmental Panel on Climate Change. Climate change 2014: 
impacts, adaptation, and vulnerability. In: Contribution of Working Group 
2 to the Fifth Assessment Report of the Intergovernmental Panel on 
Climate Change. Cambridge, UK: Cambridge University Press; 2014.

 4. Bai L, Morton LC, Liu Q. Climate change and mosquito‑borne diseases in 
China: a review. Glob Health. 2013;9:10.

 5. Ministry of Health, The People’s Republic of China. Action plan of China 
Malaria Elimination (2010–2020). Beijing: Ministry of Health; 2010.

 6. Zhang L, Zhou S, Feng J, Fang W, Xia Z. Malaria situation in the People’s 
Republic of China in 2014. Chin J Parasitol Parasit Dis. 2015;33:319–26.

 7. Zhang L, Feng J, Xia ZG. Malaria situation in the People’s Republic of 
China in 2013. Chin J Parasitol Parasit Dis. 2014;32:407–13.

 8. Zhou S, Zhang S, Wang J, Zheng X, Huang F, Li W, et al. Spatial correlation 
between malaria cases and water‑bodies in Anopheles sinensis dominated 
areas of Huang‑Huai plain, China. Parasit Vectors. 2012;5:106.

http://dx.doi.org/10.1186/s12936-017-1790-3
http://dx.doi.org/10.1186/s12936-017-1790-3


Page 10 of 10Tong et al. Malar J  (2017) 16:136 

 9. Tang L. Progress in malaria control in China. Chin Med J (Engl). 
2000;113:89–92.

 10. Gao HW, Wang LP, Liang S, Liu YX, Tong SL, Wang JJ, et al. Change in 
rainfall drives malaria re‑emergence in Anhui Province, China. PLoS ONE. 
2012;7:e43686.

 11. Zhou S, Wang Y, Tang L. Malaria situation in the People’s Republic of China 
in 2006. Chin J Parasitol Parasit Dis. 2007;25:439–41.

 12. Bi Y, Yu W, Hu W, Lin H, Guo Y, Zhou X, et al. Impact of climate variability 
on Plasmodium vivax and Plasmodium falciparum malaria in Yunnan 
Province, China. Parasit Vectors. 2013;6:357.

 13. Li T, Yang Z, Wang M. Temperature, relative humidity and sunshine may 
be the effective predictors for occurrence of malaria in Guangzhou, 
southern China, 2006–2012. Parasit Vectors. 2013;6:155.

 14. Guo C, Yang L, Ou CQ, Li L, Zhuang Y, Yang J, et al. Malaria incidence from 
2005 to 2013 and its associations with meteorological factors in Guang‑
dong, China. Malar J. 2015;14:116.

 15. Chinese Center for Disease Control and Prevention. Center introduction. 
Beijing. 2015. http://www.chinacdc.cn/jgxx/. Accessed 12 Aug 2015.

 16. Wang L, Wang Y, Yang G, Ma J, Wang L, Qi X. China information system for 
disease control and prevention (CISDCP). http://pacifichealthsummit.org/
downloads/HITCaseStudies/Functional/CISDCP.pdf (2013). Accessed 19 
Dec 2015.

 17. Wei J, Hansen A, Zhang Y, Li H, Liu Q, Sun Y, et al. The impact of climate 
change on infectious disease transmission: perceptions of CDC health 
professionals in Shanxi Province, China. PLoS ONE. 2014;9:e109476.

 18. Wei J, Hansen A, Zhang Y, Li H, Liu Q, Sun Y, et al. Perception, attitude 
and behavior in relation to climate change: a survey among CDC health 
professionals in Shanxi province, China. Environ Res. 2014;134:301–8.

 19. Semenza JC, Suk JE, Estevez V, Ebi KL, Lindgren E. Mapping climate 
change vulnerabilities to infectious diseases in Europe. Environ Health 
Perspect. 2012;120:385–92.

 20. Center for Strategic & International Studies. China’s capacity to manage 
infectious diseases and its global implications. Washington, DC: Center 
for Strategic & International Studies; 2008.

 21. World Bank. The world bank population, total. http://data.worldbank.org/
indicator/SP.POP.TOTL (2017). Accessed 1 Jan 2017.

 22. The People’s Government of Anhui Province. Geology and climate. http://
english.ah.gov.cn/content/channel/53e466319a05c28a77deb28e/ 
(2015). Accessed 7 Oct 2015.

 23. The People’s Government of Anhui Province. Population and nationalities. 
http://english.ah.gov.cn/content/channel/53e466789a05c2e67a7897e7/ 
(2015). Accessed 7 Oct 2015.

 24. The People’s Government of Anhui Province. Economy. http://english.
ah.gov.cn/content/channel/53e08662fef9b5307e304921/ (2016). 
Accessed 4 April 2016.

 25. Henan Government. Henan introduction. http://www.henan.gov.cn/
hngk/system/2006/09/19/010008384.shtml (2016). Accessed 4 April 
2016.

 26. Yunnan Government. Population and nationalities. http://www.yn.gov.
cn/yn_yngk/yn_sqgm/201111/t20111107_1896.html (2015). Accessed 4 
April 2016.

 27. Yunnan Government. Yunnan overview. http://www.yn.gov.cn/yn_yngk/
index.html (2015). Accessed 4 April 2016.

 28. Yunnan Government. Climate. http://www.yn.gov.cn/yn_yngk/yn_
sqgm/201111/t20111107_1899.html (2015). Accessed 7 Oct 2015.

 29. Tong MX, Hansen A, Hanson‑Easey S, Xiang J, Cameron S, Liu Q, et al. 
Perceptions of capacity for infectious disease control and prevention 
to meet the challenges of dengue fever in the face of climate change: 
a survey among CDC staff in Guangdong Province, China. Environ Res. 
2016;148:295–302.

 30. Hansen A, Xiang J, Liu Q, Tong MX, Sun Y, Liu X et al. Experts’ perceptions 
on China’s capacity to manage emerging and re‑emerging zoonotic 
diseases in an era of climate change. Zoonoses Public Health. 2016. 
doi:10.1111/zph.12335.

 31. Tong MX, Hansen A, Hanson‑Easey S, Cameron S, Xiang J, Liu Q, et al. 
Health professionals’ perceptions of hemorrhagic fever with renal syn‑
drome and climate change in China. Glob Planet Change. 2017;152:12–8.

 32. Xiang J, Hansen A, Liu Q, Liu X, Tong MX, Sun Y, et al. Association between 
dengue fever incidence and meteorological factors in Guangzhou, China, 
2005–2014. Environ Res. 2016;153:17–26.

 33. Tian H‑Y, Yu P‑B, Luis AD, Bi P, Cazelles B, Laine M, et al. Changes in rodent 
abundance and weather conditions potentially drive hemorrhagic fever 
with renal syndrome outbreaks in Xi’an, China, 2005–2012. PLoS Negl 
Trop Dis. 2015;9:e0003530.

 34. Zhang Y, Bi P, Hiller JE. Meteorological variables and malaria in a Chinese 
temperate city: a twenty‑year time‑series data analysis. Environ Int. 
2010;36:439–45.

 35. Tong MX, Hansen A, Hanson‑Easey S, Cameron S, Xiang J, Liu Q, et al. 
Infectious diseases, urbanization and climate change: challenges in 
future China. Int J Environ Res Public Health. 2015;12:11025–36.

 36. Bi Y, Hu W, Yang H, Zhou XN, Yu W, Guo Y, et al. Spatial patterns of 
malaria reported deaths in Yunnan Province, China. Am J Trop Med Hyg. 
2013;88:526–35.

 37. Wardrop NA, Barnett AG, Atkinson JA, Clements AC. Plasmodium vivax 
malaria incidence over time and its association with temperature and 
rainfall in four counties of Yunnan Province, China. Malar J. 2013;12:452.

 38. An G. Influence of climate on malaria in China. Penn McNair Res J. 
2011;3:1.

 39. Liu Y, Su Y, Zhang H. Analysis of malaria situation in five provinces of 
Jiangsu, Shandong, Henan, Anhui and Hubei in 2006. China Trop Med. 
2008;2:005.

 40. Zhou SS, Huang F, Wang JJ, Zhang SS, Su YP, Tang LH. Geographical, 
meteorological and vectorial factors related to malaria re‑emergence in 
Huang‑Huai River of central China. Malar J. 2010;9:337.

 41. Pan J, Zhou S, Zheng X, Huang F, Wang D, Shen Y, et al. Vector capacity 
of Anopheles sinensis in malaria outbreak areas of central China. Parasit 
Vectors. 2012;5:136.

 42. Chen G, Wang J, Huang X, Li Y, Hou Z, Li H, et al. Serological detection 
of malaria for people entering China from 19 ports of entry covering 8 
border prefectures of Yunnan. Chin J Parasitol Parasit Dis. 2010;28:54–7.

 43. Wang Y, Wang X, Zhang Y. Epidemiological characteristics of indigenous 
and imported malaria in China, 2005–2013. Chin J Vector Biol Control. 
2015;26:120–6.

 44. Yang GJ, Tanner M, Utzinger J, Malone JB, Bergquist R, Chan EY, et al. 
Malaria surveillance‑response strategies in different transmission zones 
of the People’s Republic of China: preparing for climate change. Malar J. 
2012;11:426.

 45. Kumaresan J, Huikuri S. Strengthening regional cooperation, coordina‑
tion, and response to health concerns in the ASEAN region: status, chal‑
lenges, and ways forward. ERIA Discussion Paper. 2015;60.

http://www.chinacdc.cn/jgxx/
http://pacifichealthsummit.org/downloads/HITCaseStudies/Functional/CISDCP.pdf
http://pacifichealthsummit.org/downloads/HITCaseStudies/Functional/CISDCP.pdf
http://data.worldbank.org/indicator/SP.POP.TOTL
http://data.worldbank.org/indicator/SP.POP.TOTL
http://english.ah.gov.cn/content/channel/53e466319a05c28a77deb28e/
http://english.ah.gov.cn/content/channel/53e466319a05c28a77deb28e/
http://english.ah.gov.cn/content/channel/53e466789a05c2e67a7897e7/
http://english.ah.gov.cn/content/channel/53e08662fef9b5307e304921/
http://english.ah.gov.cn/content/channel/53e08662fef9b5307e304921/
http://www.henan.gov.cn/hngk/system/2006/09/19/010008384.shtml
http://www.henan.gov.cn/hngk/system/2006/09/19/010008384.shtml
http://www.yn.gov.cn/yn_yngk/yn_sqgm/201111/t20111107_1896.html
http://www.yn.gov.cn/yn_yngk/yn_sqgm/201111/t20111107_1896.html
http://www.yn.gov.cn/yn_yngk/index.html
http://www.yn.gov.cn/yn_yngk/index.html
http://www.yn.gov.cn/yn_yngk/yn_sqgm/201111/t20111107_1899.html
http://www.yn.gov.cn/yn_yngk/yn_sqgm/201111/t20111107_1899.html
http://dx.doi.org/10.1111/zph.12335

	art_10.1186_s12936-017-1790-3.pdf
	Perceptions of malaria control and prevention in an era of climate change: a cross-sectional survey among CDC staff in China
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study population
	Study sites
	Data collection
	Statistics
	Ethics approval

	Results
	Demographic characteristics
	Perceptions of climate change
	Perceptions of malaria control and prevention
	Perceptions of the potential main risk factors for malaria

	Discussion
	Conclusions
	Authors’ contributions
	References





