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Abstract

In China, the malaria elimination program was launched in 2010 with the objective to
eliminate this disease by 2020. Large-scale malaria control and elimination actions have
been conducted with significant success since inception of the nationwide program. The
incidence of locally acquired malaria has declined sharply along with the concomitant
decrease of malaria-endemic areas from 762 counties reporting malaria in 2010 to just two
counties adjacent to border areas (Yunnan, China-Myanmar and Tibet, China-India) in
2016. In total, 1723 counties (79%) and 134 prefectures (52%) had completed the malaria
elimination internal assessment by the end of 2016. The year 2017 was the first year with-
out report of indigenous malaria cases throughout the country. Hence, this chapter is
meant to share the lessons learned from malaria elimination in China benefiting countries
on the way to malaria elimination.

Keywords: malaria elimination, China, surveillance and responses, 1-3-7 model

1. Introduction

Although significant progress on malaria control and elimination has been made world-
wide, malaria remains a major public health threat to human beings. According to the World
Malaria Report published by the World Health Organization (WHO), a total of 216 million
malaria cases were reported worldwide with 445,000 deaths in 2016 [1]. These malaria cases
were mainly reported from Africa (90%) and Southeast Asia (7%). With the available inter-
vention tools, several countries have been certified to be malaria-free, and others are in the

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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Anopheles  Sibling species Species Breeding habitats Feeding behavior Resting Insecticide susceptibility status Distribution
species/ prevalent in identification (peak biting behavior range
taxa the People’s tools activity)
Republic of
China
Anopheles — Morphological ~ Rice field, canal, Zoophily Exophily  Resistance to organochlorine, Latitude below
sinensis characters ditch, pond (first option) dichloro-diphenyl-trichloroethane (DDT), 33°N
Anthropophily and deltamethrin in some provinces
(second option)
Anopheles An. minimus, Morphological =~ Heliophobic Zoophily/ Endophily Sensitive to all insecticides used currently ~Latitude below
minimus s.l.  An. harrisoni characters; PCR  stream, canal, anthropophily 32.5°N
ditch, rice field (reported only in
Hainan Province)
Anopheles — Morphological =~ Heliophobic, canal, Anthropophily Endophily  Sensitive to all insecticides used currently Latitude
lesteri characters; PCR  ditch, rice field, 22°N~33°N
filter well
Anopheles An. dirus, An. Morphological =~ Heliophobic, Anthropophily Exophily  Sensitive to all insecticides used currently Latitude below
dirus s.1. baimaii characters; PCR  stream in forest, 23°N

pit with water,
footprint of cattle

Table 1. Bionomical characteristics of malaria vectors in the People’s Republic of China (reference [14]).
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process of elimination in the foreseeable future [1]. Among others, within the broad objective
of worldwide malaria elimination [2], 21 countries have the potential to eliminate malaria by
2020; these are marked as E-2020 countries by WHO [1]. Although some of E-2020 countries
were moving forward to achieve elimination goals, 11! have reported an increase of indig-
enous malaria cases since 2015, and 5 countries® reported >100 cases in 2016 compared to 2015.
World malaria elimination is currently at crossroads [3].

Among the E-2020 countries, China has made a significant progress on malaria elimination.
Both the malaria-endemic territories and indigenous cases have decreased dramatically [4-6].
Furthermore, no indigenous cases were reported in China in 2017. Along with the decrease
of indigenous malaria cases, the distribution of Plasmodium species associated to the reported
malaria cases had changed as well. Only 2 Plasmodium species, i.e., Plasmodium falciparum and
P. vivax, were present prior to the elimination program, but now all 4 human malaria parasites
are encountered in China (i.e., P. falciparum, P. vivax, P. malariae, and P. ovale), as well as the
simian species P. knowlesi [1, 7-12]. The predominant Anopheles vectors had also changed over
the same period due to environmental changes and anti-malaria interventions. Prior to malaria
elimination, 4 main species/complexes of vectors were recorded, i.e., Anopheles lesteri, An. dirus
s.l., An. minimus s.l., and An. sinensis (Table 1). Currently, after 7 years of malaria elimination
efforts, only 2 species/complexes are recorded to be prevalent, i.e., An. minimus s.l. (mainly An.
minimus and An. harrisoni) and An. sinensis. Moreover, the geographic distribution range of
An. sinensis has expanded and the proportion increased too [13-16]. Considering the progress
of malaria elimination in China and the challenges still to be met, useful information has been
generated which could be shared with the communities working on malaria elimination. This
chapter is thus aiming at detailing the strategy of the Chinese national malaria elimination
program, current progress, and lessons learned in defeating malaria.

2. Malaria elimination strategy in China

The national malaria elimination strategy was developed based on the malaria control situ-
ation and response to the Global Eradication of Malaria Initiative proposed by the United
Nation Millennium Development Goals (MDGs) in September 2000 [5, 17, 18]. The overall
strategy comprised specific objectives and key measures taking into account the different epi-
demiological contexts and diversity of malaria transmission models all over the country. The
overall goals of malaria elimination in China were set to achieve zero indigenous cases in the
country by 2015, leaving apart the border areas of Yunnan Province with Myanmar and Tibet
Autonomous Region with India to achieve complete elimination in the country by 2020.

2.1. Intermediate objectives

The strategy and key measures for malaria elimination in China were developed in line with the
WHO guidelines [19]. However, counties had variable endemicity based on which a classification

'Botswana, Cabo Verde, South Africa, Swaziland, Costa Rica, Ecuador, EI Salvador, Mexico, Saudi Arabia, Timor-Leste, Malaysia.
*Botswana, South Africa, Swaziland, Ecuador, Saudi Arabia.
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236 Towards Malaria Elimination - A Leap Forward

was established according to the different types of area and intensity of malaria transmission.
According to the magnitude of transmission and incidence, all counties were classified into 4
types, including Type I, local transmission and incidence >1/10,000 over the past 3 years; Type
II, local transmission and incidence <1/10,000 over the past 3 years; Type III, no indigenous cases
reported over the past 3 years but still with risk of transmission; and Type IV, malaria-free [20].
The classification of malaria-endemic areas is presented in Figure 1 [17, 20].

No of Target

Classification Heilongjiang

counties  population

Local infections are detected in
the past three consecutive
years and the incidence rate
equals or higher than 1/10,000

Typel 75 30,965,000

Local infections are detected in
the past three consecutive
TypeIl |years, and the incidence rate is 684 440,792,000
lower than 1/10,000 at least in
one of those 3 years

No local infections reported in
the past three consecutive

] B Type | 75 counties
L years but risk of transmission LAs0 | 620281.000 I Tyoell  B34tounties
exists Type lll 1430 counties
Type IV 669 counties
Type IV | Malaria-free area 669 180,882,000 L - 3 '@'

Figure 1. Stratification of malaria-endemic areas for data based on 2010 (references [5, 17]).

Several intermediate progress objectives were also set in a graduated way depending on the type
of area. By 2015, (i) all Type III counties should achieve the objective of malaria elimination; (ii)
at the same time, Types I and II counties, except Yunnan border counties, are expected to report
zero indigenous malaria cases; (iii) the incidence of indigenous malaria cases in Type I coun-
ties located in the Yunnan border areas should be reduced to <1/10,000; (iv) it is expected that
by 2017, no indigenous cases should be reported in the whole country; (v) by the year 2018, all
Types I and II counties, except Yunnan border counties, must have fully achieved malaria elimi-
nation; and (vi) malaria elimination should be achieved all over the country by the year 2020.

2.2. Implementation requirements for malaria elimination

In order to achieve malaria elimination, specific requirements were assigned depending upon
the type of county. The Type I counties should strengthen the management of infectious source
and implement vector control measures to reduce the incidence of malaria. The Type II coun-
ties should eliminate the infectious source of malaria to interrupt local malaria transmission.
The Type III counties should enhance the monitoring and disposition of the imported cases
to prevent the secondary transmission. The Type IV counties should deal appropriately with
imported cases. These requirements were also made flexible enough to be adjusted according
to the control process and changes in the dynamics of the disease. These requirements were
based on specific and standardized key measures [17].
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2.2.1. Strengthening control and management of infectious sources

¢ Timely malaria case detection. Both public and private clinics and health facilities at all
levels should take blood samples from patients including clinical diagnosed malaria cases,
suspected malaria cases and febrile patients without confirmed origin of infection. Blood
smear for microscopic tests or auxiliary detection using Rapid Diagnosis Test (RDT) kits
should be carried out with blood samples. For RDT-positive samples, blood smears must
be collected and kept for verification.

¢ Timely surveillance and response to all malaria cases [20, 21]

(@]

Strengthening malaria case reporting. Public or private clinics and health facilities at all
levels have the responsibility to report malaria cases within 24 hours (1 day) after diagnosis.
This is a requirement from the law on the Prevention and Control of Infectious Diseases in
the People’s Republic of China (http://www.gov.cn/banshi/2005-08/01/content_19107.htm).

Case verification. Centers for Disease Control and Prevention (CDCs) at the county level
are made responsible for the verification of individual cases reported through the infor-
mation system and for laboratory test assessment (RDT and microscope). Case investi-
gation and verification are required to be accomplished within 3 days after reporting.

Management of malaria foci. CDCs at the county level are responsible for investigation
on identified malaria foci and further disposal within 7 days after index case reporting.
A reactive case detection must be carried out by collecting blood samples from inhabit-
ants around the index case (fever displayed over the last 2 weeks). Collected blood sam-
ples must be analyzed by microscope or RDT. Meanwhile, vector control measures (i.e.,
indoor residual spraying (IRS)) must be implemented, and information materials for
public awareness and health education must be provided to all families in different foci.

e Treatment

(@]

Full dose and whole medication® should be given to treat malaria patients according to
the national guidelines. Public or private clinics and health facilities at all levels should
treat all the detected malaria patients according to the national guidelines for anti-ma-
larial drug use, issued by the Ministry of Health. All patients must be followed up across
the whole course of treatment.

Anti-relapse treatment. In non-transmission malaria season, patients diagnosed with
vivax malaria during the previous year must be given anti-relapse treatment.

2.2.2. Strengthening vector control

¢ Anti-mosquito interventions. During the malaria transmission season, it is encouraged to
transform and improve the environment so as to reduce the number of breeding sites and

3Whole medication refers to the 8-day treatment for vivax malaria with primaquine (total dose 180 mg over 8 days) and
chloroquine (total dose 1200 mg over 3 days) as first-line drugs. Artemisinin combination therapy (ACT) was used as
first-line treatment to treat uncomplicated falciparum malaria.

237



238 Towards Malaria Elimination - A Leap Forward

decrease the density of mosquitoes in combination with the patriotic health movement*
and new rural village development [22]. Measures of IRS and insecticide-treated net (ITN)
are required to be applied in malaria foci.

¢ Strengthening personal protection. To prevent or minimize mosquito bites during the malar-
ia transmission season, personal protective measures must be implemented such as repellents,
mosquito-repellent incense, mosquito nets, wire mesh screening of doors and windows, etc.

2.2.3. Strengthening health education

¢ Strengthening people awareness. Mass media such as newspapers, radio, TV, and internet
posts should cover “World Malaria Day and National Malaria Day” activities and imple-
ment various ways to widely broadcast knowledge on malaria and the malaria elimination
policy to improve public awareness and motivate community participation in malaria con-
trol and elimination.

¢ Strengthening health education for primary and junior high school students. Education
department should deploy and arrange the primary and junior high school health educa-
tion. CDCs should strengthen the technical support to health education on malaria in these
schools. Primary and junior high schools in Types I and II counties should keep malaria
and malaria control awareness as a recurrent topic in regular health education courses
or theme activities. They should encourage pupils to pass such awareness to their family
members by the way of “child educate adult.”

¢ Strengthening health education at the community level. In Types I and II counties, the
local CDCs should organize and support malaria public awareness by the way of adver-
tisements and regularly update posted news in hospital waiting rooms, community health
service centers, rural hospitals, village clinics, and large construction sites. They should
also develop awareness material in minority nations” language.

2.2.4. Strengthening malaria control in mobile/migrant populations

¢ Strengthening the management of malaria among travelers. The Department of Health
and Exit & Entry Administration should regularly release public information about the
world malaria situation and related information inside the country. Tourism departments
should release such information to tourists too. The Department of Tourism and Com-
merce has the obligation to aid the Department of Health in providing information to peo-
ple traveling to malaria-endemic areas, as well as track information on malaria patients.
Mechanism for shared information should be established among different sectors. This
cross sector mechanism is responsible for increasing the anti-malaria public awareness, for
providing consultation services to cross-border populations, for screening individuals with
fever who have been traveling to malaria-endemic areas, and for reporting the detected
malaria cases.

4The patriotic health movement is referring to a community-based health movement focusing on cleaning, pest control,
environment reforming, and other health-related activities, with the aim of preventing infectious diseases.
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¢ Strengthening malaria control and prevention among expatriates. China is involved in
many large construction projects in malaria epidemic areas in different countries, e.g.,
Ethiopia and Zambia in Africa, Myanmar and Indonesia in Southeast Asia. Some of the
projects like road, railway, or dam constructions involve high malaria risk exposure. CDCs
provide appropriate information and training to the personnel employed in these projects
before expatriates” deployment. The management and registration of malaria cases among
expatriates are conducted locally in coordination with health agencies and CDCs. Public
security departments provide assistance to investigate malaria cases among expatriates as
requested by the Department of Health.

2.2.5. Improving malaria surveillance

¢ Strengthening capacity building for malaria diagnosis. The National Institute of Para-
sitic Diseases, China CDC is responsible for managing national malaria diagnosis reference
laboratory. Its mandate is to provide a final laboratory confirmation and identify the source
of any malaria case. Reference laboratories at all levels should regularly assess the skills of
test and conduct quality control to ensure operation of the laboratory network.

* Malaria surveillance in the post-elimination stage. The status of malaria-free area must be
maintained in counties having achieved malaria elimination, as well as in previously non-
endemic provinces. This must be done through regular training of the medical personnel
in malaria diagnosis and treatment. Prevention of re-establishment of malaria transmission
is also required and must be conducted by intensifying the monitoring of imported cases.

3. Progress on malaria elimination in China

3.1. Status after seven years of implementation of malaria elimination program

A total of 28,886 malaria cases were reported in Mainland China (excluding Hong Kong, Macau,
and Taiwan) from 2010 to 2016 (Table 2) [9, 10, 23-26]. During this period, indigenous cases, as well
as the number of areas with local transmission, were substantially reduced. There were 40 indig-
enous cases reported from 10 counties in 2015, a decrease of 99.06% from 2010. By 2015, all Type
IIT counties had achieved malaria elimination goals (no occurrence of indigenous cases for at least
3 consecutive years). Except for border counties in Yunnan, 96.43% (54/56) of the Type I counties
reported no indigenous case over the same period. The malaria incidence in 19 Type I counties in
Yunnanborder area was lower than 10/100,000. All positive cases were reported through the China
Information System for Disease Control and Prevention (CISDCP). The increase in incidence and
number of detected cases after 6 years of implementation of the malaria elimination program was
linked to the large number of imported cases, while the number of indigenous cases was reduced
by 99.93% between 2010 and 2016 (Table 2) [8, 27-30]. The number of provinces with imported
cases increased from 22 in 2010 to 30 (all the provinces in Mainland China except Tibet) in 2015.
A total of 3318 imported cases were reported in 2016 (Table 2). The top 5 countries of origin of the
imported cases were Myanmar (15.9%), Angola (12.5%), Nigeria (7.7%), Equatorial Guinea (7.5%),
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Year Total Local cases Imported cases No. of
Zi}:::ted Clinical P.vivax P. Mix Subtotal Clinical P. P. P. P. Mix Subtotal 21::::1
diagnosis falciparum diagnosis vivax falciparum  malariae ovale
2010 7855 0 4165 97 0 4262 NA* NA 1161 NA NA NA 3593 19
2011 4498 364 885 56 3 1308 372 1253 1468 62** 0 35 3190 33
2012 2718 32 228 16 5 281 35 900 1403 60** 0 39 2437 15
2013 4128 6 77 9 0 92 29 859 2899 51 133 65 4036 23
2014 3078 5 45 6 0 56 20 798 1876 52 232 44 3022 25
2015 3288 1 38 1 0 40 22 840 1991 76 272 47 3248 20
2016 3321 0 3 0 0 3 15 709 2158 64 311 61 3318 15

°The number of malaria cases reported in 2017 will be published by the end of 2018.
*NA indicates that data were not available in the annual reporting system.

*Before 2013, the data recorded in the annual reporting system did not separate P. malariae and P. ovale.

Table 2. Malaria-attributable morbidity in the People’s Republic of China during 2010-2016°.
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and Cameroon (7.1%). In response to the increasing risk from imported cases, joint coordination
and transfer of information were established among different agencies, in particular between
China CDC and port quarantines. The latter are responsible for frontline screening and detection
providing timely reports of positive cases. Clinics and hospitals are in charge of case treatment,
while CDCs must follow up all the reported cases and carry out the individual case investiga-
tion. A successful example of such organization is given by the Shanglin County, Guangxi [31],
for reporting 1,052 imported malaria cases in 2013, all of which were successfully treated and no
death cases occurred. Furthermore, although Anopheles mosquitoes were present [14], no second-
ary transmission occurred.

Along the border between China and countries of the Greater Mekong Subregion (GMS)
(Myanmar, Lao PDR, and Vietnam), 3 frontline barriers were established jointly by CDCs and
port quarantines [32]. These 3 barriers consisted of (i) a strengthened health system in all 25
border counties with a capacity to immediate and comprehensive response to each malaria case
(firstline), (ii) establishment of 68 malaria service points at the border to provide consultation and
screening to the migrant/mobile population (MMP) (second line), and (iii) a coordination process
for response to malaria along the international borders between China, Myanmar, Lao PDR, and
Vietnam covering 42 border counties (20 in Yunnan and 22 in the 3 other countries).

The main risks clearly identified after implementation of the national malaria elimination
program were re-introduction through imported cases and the associated secondary trans-
mission by local malaria vectors. Sustainable vector control is therefore essential. With the
support from the national malaria surveillance system and national malaria diagnosis refer-
ence laboratory network, all the confirmed malaria cases were examined, including a total
number of 2,215 foci investigated within 7 days after case detection and verification (Table 3).
Long-lasting insecticidal net (LLIN) or ITN was delivered to the communities with high
malaria incidence and presence of highly efficient malaria vectors, such as Anopheles dirus s.1.
or Anopheles minimus s.1. [14]. IRS was carried out in active malaria foci (the definition of active
foci is given in Ref. [19, 33]). In 2015, a total number of 29,611 LLIN/ITN were delivered, and
1,697,188 persons were protected by IRS in response to malaria foci (Table 4). Another key ele-
ment in the protection of people against imported malaria was the training and education of
the personnel. Annual joint health training workshops were carried out by the Departments
of Health, Education, and Inspection and Quarantine on the National Malaria Day (April
26th) since 2008. Altogether, 74.9 million educational documents were delivered during work-
shops from 2010 to 2015 (Table 5). To these, one must add all posters and flyers delivered
through port quarantines. Capacity building for health professional personnel corresponded
to 464,500 working days in CDCs; 848,764 working days for clinical doctors; and 186,368
working days for microscopists during 2010-2015 (Table 5). With respect to port quarantines,
16,141 working days of training were accomplished with a malaria awareness rate of 100%.

A key issue in successful implementation of a program relies on the governmental commitment
and support for sustained allocation of resources. The government at all levels has adopted
malaria elimination as a component of the socioeconomic strategy. A national action plan for
malaria elimination was issued jointly by 13 ministries in 2010 with clear goals and strategy, fol-
lowed by a sustainable budget plan to ensure the financial support for malaria elimination. As a
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Province Cases reported within 24 h Case investigation within 3 days Number of foci
Total Reported Proportion Investigated Proportion of :;;:;it:eg:t:v(ilt;?:
reported cases of reported cases within investigated 7 days
cases within24 h cases 3 days cases

Beijing 89 89 100% 89 100% 0

Tianjin 17 17 100% 17 100% 0

Hebei 44 44 100% 44 100% 21

Shanxi 12 12 100% 12 100% 15

Inner Mongolia 6 6 100% 1 16.67% 0

Liaoning 65 65 100% 65 100% 62

Jilin 21 21 100% 21 100% 0

Heilongjiang 8 8 100% 8 100% 0

Shanghai 42 42 100% 42 100% 29

Jiangsu 408 408 100% 408 100% 408

Zhejiang 195 195 100% 195 100% 160

Anhui 129 129 100% 129 100% 117

Fujian 94 94 100% 94 100% 12

Jiangxi 52 52 100% 52 100% 43

Shandong 219 219 100% 217 99.09% 199

Henan 185 185 100% 184 99.46% 180

Hubei 125 125 100% 122 97.60% 12

Hunan 129 129 100% 128 99.22% 46

Guangdong 155 155 100% 144 92.90% 1

Guangxi 236 236 100% 236 100% 33

Hainan 14 14 100% 14 100% 12

Chongging 33 33 100% 31 93.94% 26

Sichuan 294 294 100% 292 99.32% 272

Guizhou 17 17 100% 17 100% 0

Yunnan 622 622 100% 618 99.36% 481

Tibet 8 8 100% 8 100% 0

Shaanxi 81 81 100% 81 100% 80

Gansu 22 22 100% 21 95.45% 6

Qinghai 1 1 100% 0 0 0

Ningxia 6 6 100% 6 100% 0

Xinjiang 4 4 100% 4 100% 0

Total 3333 3333 100% 3300 99.01% 2215

*1-3-7 model is referring to case reported within 1 day (24 hours), case verification and investigation within 3 days, and
foci investigation and disposal within 7 days. This is summarized as work model for malaria surveillance and response
for malaria elimination program [20, 21].

Table 3. Progress indicators of 1-3-7* model in 2015.
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Province Number of delivered LLIN/ITN Number of people protected by IRS/house*
Beijing 0 0
Tianjin 0 0
Hebei 6 353
Shanxi 0 188
Inner Mongolia 0 0
Liaoning 0 1120
Jilin 0 0
Heilongjiang 0 0
Shanghai 0 301
Jiangsu 0 7299
Zhejiang 0 1850
Anhui 207 1094
Fujian 180 535
Jiangxi 0 11,142
Shandong 0 336
Henan 2096 17,814
Hubei 79 918
Hunan 4 408
Guangdong 1552 1,327,650
Guangxi 10 1961
Hainan 6910 20,106
Chonggqing 2 45,280
Sichuan 7 11,248
Guizhou 7418 12,771
Yunnan 628 229,535
Tibet 10,000 1537
Shaanxi 512 3546
Gansu 0 196
Qinghai 0 0
Ningxia 0 0
Xinjiang 0 0

Total 29,611 1,697,188

*Vector control measures mainly implemented in malaria foci for targeting population at risk.

Table 4. Progress indicators of vector control measures in 2015.

key player in malaria elimination in the central government, the National Health Commission
(NHC, previously known as the Ministry of Health before 2011 and National Health and Family
Planning Commission during 2011-2018) has established a multidisciplinary technical committee
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Province Number of trained people (person/time) Number of delivered health
education materials

Malaria health Clinical doctors Microscopists

workers
Beijing 208 0 176 185,000
Tianjin 240 300 300 25,700
Hebei 41,499 95,926 10,652 3,064,121
Shanxi 596 0 871 57,000
Inner Mongolia 204 408 204 3200
Liaoning 7554 88,609 5835 143,600
Jilin 226 0 226 4000
Heilongjiang 0 0 0 0
Shanghai 21,516 48,584 9377 1,246,268
Jiangsu 26,415 23,963 16,468 7,365,562
Zhejiang 11,447 19,304 8749 1,676,164
Anhui 59,229 42,417 18,671 14,323,973
Fujian 7653 8777 3095 556,489
Jiangxi 12,696 24,829 9272 1,621,293
Shandong 34,624 56,382 15,494 7,040,504
Henan 62,005 183,085 19,486 7,968,270
Hubei 27,199 38,291 10,062 4,078,954
Hunan 22,018 46,761 11,666 4,722,609
Guangdong 737 375 1008 429,401
Guangxi 23,682 57,461 10,914 4,505,439
Hainan 10,838 5288 2607 2,058,430
Chongging 1027 0 235 0
Sichuan 1900 0 825 372,200
Guizhou 21,643 28,120 8827 3,342,021
Yunnan 28,962 35,103 7479 4,200,909
Tibet — — — —
Shaanxi 21,951 34,313 10,970 3,615,648
Gansu 12,851 9136 2178 1,631,944
Qinghai — — — —
Ningxia 469 0 144 0
Xinjiang 5111 1332 577 670,755
Total 464,500 848,764 186,368 74,909,454
Note: “-” denotes data not available.

Table 5. Progress indicators of health education and capacity building during 2010-2015.
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comprising malaria experts, i.e., epidemiologists, entomologists, clinical doctors, parasitologists,
program managers, efc. With the support of this committee, NHC has issued a series of guidelines
and standards adapting and updating the WHO guidelines [2, 19, 33, 34], such as technical guide-
lines for malaria elimination, malaria treatment and anti-malarial drug use, standards for malaria
control and elimination, and malaria diagnosis, to cite a few [18].

3.2. Successful implementation

A working model, named 1-3-7, for malaria surveillance and response was implemented as a
national malaria program. The definition of “1-3-7” is as follow:

e “1,” within 1 day (24 hours): all malaria cases must be reported to the Chinese Information
System for Disease Control and Prevention (CISDCP), an internet-based reporting system.
The case information will be notified through a four-level system “county— prefecture—
province— national.” The response at different levels is implemented according to na-
tional guidelines. Malaria is classified as a category B notifiable infectious disease, and case
reporting through CISDCP has been implemented since 2004 [35]. All private and public
registered clinics and hospitals must report malaria cases through CISDCP after diagnosis.
CDCs are the key operators of CISDCP (Figure 2). This ensures that malaria case informa-
tion is timely transmitted from bottom to top.

Ministry of Health <—] Central/Country CDC
A ' ' A
Provincial Health Bureau < Provincial CDC
A A
City/Municipal Health Bureau < City/Municipal CDC
A ' A
Country Health Bureau -« Country CDC
A

Health Institutions

Figure 2. Vertical reporting structure of the China information system for disease control and prevention (CISDCP)
(CDC, Centers for Disease Control and Prevention).

e “3,” within 3 days: all the reported malaria cases should be confirmed and visited by CDCs’
staffs at the county level to verify the infectious origin of the cases (whether imported or
locally acquired). Meanwhile, blood samples of patients are taken and sent to the reference
laboratory for further verification.
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e “7,” within 7 days: the outbreak focus should be investigated, and vector control and health
promotion measures must be implemented. Vector control measures need to be conducted
in active foci only, which are considered to have potential risk of onward transmission.
The scope of investigation is the household of the reported patient and neighboring house-
holds. However, it can be expanded, if necessary.

Following the implementation of this 1-3-7 model, local malaria transmission was interrupted
effectively in most parts of China, which accelerated the malaria elimination process [20, 21,
36]. Based on this success, the 1-3-7 model was recommended by WHO as an example for
malaria surveillance model at elimination stage, in “Strategy for malaria elimination in the
Greater Mekong Subregion: 2015-2030” and “Malaria surveillance, monitoring & evaluation:
a reference manual” [37, 38].

However, the 1-3-7 strategy is not sufficient to successfully achieve malaria elimination. Other
aspects must be considered. The first aspect to consider is the establishment of a network of
malaria surveillance and diagnosis reference laboratories. After the launch of the malaria elimi-
nation program in 2010, and following the suggestions from the WHO guidelines [2, 19, 33, 34],
a network for malaria diagnosis reference labs was gradually established [39]. By 2015, 23 prov-
inces were enrolled into the National Reference Laboratory Network (NRLN). Laboratories at
all levels worked together to ensure the quality of malaria diagnosis all over the country in a
bottom-up approach (Figure 3) [39]. Another key aspect to consider is the involvement of com-
munities. The community level is essential for a successful implementation. In addition to cross
sector coordination, information was shared with different subnational divisions and in partic-
ular the community level. This is especially important when managing malaria cases among
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mobile/migrant populations. Five provinces in Central China, i.e., Jiangsu, Shandong, Henan,
Anhui, and Hubei, and 3 provinces in Southern China, i.e.,, Guangdong, Guangxi, and Hainan,
coordinated their actions at all levels (Figure 4). This joint coordination efficiently contributed
to control malaria outbreaks and reduce malaria incidence [40, 41]. The last aspect to be consid-
ered is international collaboration. Malaria elimination cannot be achieved through the efforts
of few countries only. It must be a general and coordinated international effort. In this respect,
China has received support from international agencies such as WHO and Global Fund to Fight
AIDS, Tuberculosis and Malaria (GFATM) to conduct this international collaboration [42]. At
the same time, China developed international collaborations with African and GMS countries to
implement a coordinated strategy for controlling and eliminating malaria [43, 44], and Chinese
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students are being trained in Europe on molecular approaches applied on Anopheles mosquitoes
[13-15]. These international collaborations on malaria and vector control toward elimination pro-
vided strong support to reduce malaria incidence in China and will be the basis for sustaining
malaria elimination efforts.

4. Gaps and challenges

Although the malaria elimination program has made significant progress in China, there are still
challenges. The main challenge is to accomplish malaria elimination along border areas. China is
sharing 4060 km long international borders with GMS countries. These borders are devoid of nat-
ural barriers and porous, permitting population movement and facilitating cross border malaria
transmission. The China-Myanmar border is particularly difficult to access for healthcare services
due to ongoing armed conflict on the Myanmar side of the border resulting in proliferation of
disease vectors and uninterrupted disease transmission [13, 15, 32, 45-48]. A related challenge is
the prevention of re-introduction and re-establishment of malaria considered as a real threat to
malaria elimination [2, 33, 34, 37]. Surveillance is highly recommended as a key intervention in
the post-malaria elimination stage. However, decisive and rapid response to imported malaria
is vital to prevent re-introduction and sustain malaria elimination [11, 27, 29, 49-53]. A shift from
community to hospitals at the county and higher level for primary diagnosis was also recorded [8,
27], indicative of a more active role of the main city airports as ports of entry. In addition, owing
to the sharp decrease of indigenous cases, it becomes difficult to maintain the capacity of interven-
tion and proper training at the local level. Novel and innovative capacity building and training
modules must thus be developed for both clinicians and CDC staffs.

5. Perspectives

The main objective in China with respect to malaria will be focused on how to sustain malaria
elimination and prevent transmission re-establishment in accordance with the WHO’s newly
updated guidelines [33]. This requires a specific and sustainable investment even at post-elim-
ination stage. Malaria is on the list of the “Health China 2030” blueprint issued by the State
Council of China in 2016. This will ensure the required sustainable investment. Following this
blueprint, a series of technical guidelines for malaria surveillance and response at post-elim-
ination stage, as well as protocols for preventing malaria transmission re-establishment, are
under development for short release. Meanwhile, mechanisms for maintaining anti-malaria
capacity in health system are implemented. A National Technical Competition for Parasitic
Disease Diagnosis and Test is organized annually for health workers from clinical agencies and
CDCs [54]. This competition is an efficient way to maintain awareness and efficiency in malaria
detection within the health system and prevent erosion of capacity along with malaria elimina-
tion. However, malaria elimination is primarily an international endeavor. Broad engagement
and sustained investments are needed with support from multiple international partners [55-
57].In 2013, Chinese President Xi Jinping proposed the “One Belt and One Road Initiatives” to
the world for international cooperation and development. Cooperation in health is one of the
key components as it relates to the mutual benefits. China has already been actively involved
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in global health governance [58], but a higher level of involvement is now expected, and the
Chinese experience in malaria elimination will definitely be put at use within the “One Belt
and One Road Initiative” [59]. Several platforms are currently under development, such as the
Malaria Elimination Network in Lancang-Mekong Region (MENLMR) and the China-Africa
Cooperation Program. Both GMS and sub-Saharan Africa are strongly affected by malaria,
including drug resistance [60-62], high disease burden [1], and low level of resources [1, 3,
34]. They are thus primary targets for focused interventions enabling malaria elimination.
Furthermore, these countries are experiencing innumerable challenges to achieve their planned
malaria elimination program and in dire need of international support to bridge the funding
gap [1-3, 37]. Although China has applied a successful model and did significant progress
on malaria elimination, the Chinese model and experience cannot directly be implemented
in these countries. Evaluation and field tests are needed as preliminary steps for operational
feasibility. Pilot areas have been identified, and demonstrative projects have been therefore
launched jointly by China and the targeted countries to assess the level of feasibility. These
preliminary projects will provide evidence-based suggestions to develop a suitable strategy
and model for each country to realize the ultimate goal of malaria elimination.

6. Conclusions

China has made substantial progress on malaria elimination and is on the way to achieve the
elimination goal on time by 2020. The lessons drawn based on experiences in China will make
a good reference for the countries aiming at malaria elimination. Challenges identified in
the malaria elimination process in China might help other countries formulating appropriate
strategies in time and place. International collaboration is strongly advocated to achieve the
global issue to eliminate the most important infectious disease of the current times.
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