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Abstract

The historical patterns of malaria transmission in the People’s Republic of China from
1949 to 2010 are presented in this chapter to illustrate the changes in epidemiological
features and malaria burden during five decades. A significant reduction of malaria
incidence has resulted in initiation of a national malaria elimination programme. How-
ever, challenges in malaria elimination have been identified. Foci (or hot spots) have
occurred in unstable transmission areas, indicating an urgent need for strengthened
surveillance and response in the transition stage from control to elimination.
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S} 1. INTRODUCTION

Malaria 1s one of the most important tropical diseases, mostly affect-

ing poor and vulnerable groups in tropical and subtropical areas of the
world. The disease has caused calamity throughout the history of mankind,
with records dating back more than 4000years ago, and it has seriously
affected the socioeconomic development in the People’s Republic of China
(PR. China). Since 1949, the number of malaria cases, mainly caused by
infections of Plasmodium falciparum and P vivax in PR. China, have declined
dramatically through years of eftorts. These achievements are attributed to
the many effective interventions at different malaria transmission phases.
A national malaria elimination programme (NMEP) was launched in PR.
China in 2010, with a goal of eliminating malaria by 2020. This chapter
presents a comprehensive review of the historic patterns of malaria trans-
mission in PR. China so that the reader can understand the perspectives of
NMEP initiation.

> 2. BACKGROUND

Great achievements in the global battle against malaria have been made

in recent decades, with tremendous funding for malaria research and inno-
vative measures, such as rapid diagnostic tests (RDTs), long-lasting insec-
ticidal nets and artemisinin-based combination therapy (ACT). According
to the World Malaria Report, in 2013 (WHO, 2013), global malaria mortal-
ity and incidence rates were reduced by about 45% and 29% compared
to the year 2000, respectively. However, malaria epidemiology changed
significantly due to different factors, such as vector control measures and
increasing population flows, resulting in several new challenges to meet the
terminal goal of malaria eradication (Bhatia et al., 2013; Cotter et al., 2013;
Kitua et al., 2011). Thus, malaria is still one of the greatest public health
problems around the world, and there is still a long way to go to overcome
this ancient foe.

Malaria has been recorded in Chinese traditional medicine books, and
the prevalence of the disease dates back about 4000years ago in the his-
tory of PR. China. The disease spreads widely, especially in rural areas, and
outbreaks occurred frequently in the past. Before 1949, it was estimated
that more than 30 million cases of malaria occurred nationwide each year,
and mortality was around 1% (Zhou, 1985). However, through sustained
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efforts in different control phases, malaria has declined dramatically, to less
than 15,000 cases in 2009 (Zhou et al., 2011a), and the endemic areas have
shrunk greatly. Moreover, the transmission of malaria species has changed;
no autochthonous malariae malaria and ovale malaria were reported in
recent years, and falciparum malaria was only reported in Yunnan (Xia et al.,
2012; Xia et al., 2013; Zhou et al., 2011b). Vivax malaria is the predomi-
nant species in PR. China, with a significant reduction compared to the
historical data (Tang et al., 2012; Zhou, 1991). The main malaria vector
mosquitoes are Anopheles sinensis, An. dirus, An. anthropophagus and An. mini-
mus (MOH, 2007), while An. jeyporiensis candidiensis, An. pseudowillmori and
An. sacharovi also play roles in malaria transmission in some specific locali-
ties (Wu et al., 2009; Wu et al., 2012; Wu et al., 2013; Zhou, 1991).To fulfil
Millennium Development Goals and achieve global eradication of malaria,
the Chinese government initiated the NMEP in 2010, with the goal of
eliminating malaria nationwide by 2020. Although tremendous successes
in malaria control have been achieved, challenges still exist in the transition
stage from control towards elimination.

The main objective of this chapter is to comprehensively review malaria
transmission patterns, including malaria cases, vector mosquitoes and specific
strategies, in the different malaria transmission phases in PR. China, to synthe-
size the experiences and lessons worthy to be learnt by other malaria endemic
areas.We also identify the potential challenges that need to be addressed in order
to reach the goal of malaria elimination nationally and eradication globally.

S 3. HISTORICAL PATTERNS OF MALARIA IN CHINA

From the foundation of PR. China in 1949 to the launch of NMEP in
2010, the malaria transmission in the country can be principally divided into
four phases, according to the transmission profiles, namely: (1) indeterminacy
of malaria transmission (1949-1959), (2) outbreak and pandemic transmis-
sion (1960-1979), (3) decline with sporadic case distribution (1980-1999),
and (4) low transmission with a re-emergence in central China (2000-2009)
(Figure 1.1).

3.1 First phase: indeterminacy of malaria transmission
(1949-1959)

Although malaria was highly prevalent nationwide, the information on par-
asite species, vectors, epidemiology, and geographic/demographic distribu-
tions were not well addressed in this time period because of the country’s
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poor economy and low capacity. However, many professional institutes
were established in succession at national and provincial levels, and malaria
prevalence was investigated in some endemic areas for professional training
and pilot studies. The first five-year National Malaria Control Programme
(NMCP) was issued with two epoch-making events: malaria was designated
as a notifiable disease and a malaria-reporting mechanism was implemented
nationwide (MOH, 1956).

Many investigations and surveys were carried out to understand
the malaria profile and to determine epidemiological factors. Baseline
data on Plasmodium species and vectors were collected from trials (Tang
et al., 2012; Zhou, 1981). The country was divided into four different
zones on the basis of the extensive epidemiological surveys (Tang et al.,
2012; Zhou, 1981; Zhou, 1991). Zone 1 was the tropical and subtropi-
cal areas covering the southern parts of Yunnan, most parts of' Guangdong
(including Hainan Island), Guangxi, and southeastern Fujian. In Zone 1,
P, falciparum was the predominant species; P. vivax was common, while P
malariae was scattered and P ovale was also suspected in the southwestern
Yunnan. The season of malaria transmission was from March to Decem-
ber. Zone 2 included Guizhou, Hunan, Jiangxi, Hubei, Zhejiang and
Shanghai, northern Yunnan, parts of Tibet, Guangxi, Guangdong, Gansu,
Shanxi and Henan. P vivax was the main species, and the season of malaria
transmission was from May to November, with a peak from August
to October. Zone 3 covered Shandong, Liaoning, Jilin, Heilongjiang,
Beijing and Tianjin, most parts of Hebei and Shaanxi, parts of Shanxi, Henan,
Jiangsu, Anhui and Xinjiang. Only vivax malaria was prevalent in this zone,
with the transmission season lasting from June to November (with the peak
from August to October). Zone 4 consisted of malaria-free areas including
the cold high-altitude areas, dry desert, plateau, etc.

An. sinensis was found to be widely distributed in most parts of the coun-
try; it was the only malaria vector or the preponderant one in many provinces,
such as Gansu, Liaoning, Shanxi, Shaanxi, Shandong, Henan, Shanghai, Jiangsu
and Zhejiang Provinces. It was also the main vector in Anhui, Hubei, Fujian,
Hunan and Sichuan provinces, with An. minimus also playing an important
role in malaria transmission in these areas. An. minimus was the main vector in
the mountainous areas of Guangxi and the high or hyper-high transmission
areas in Guizhou. A. sinensis was the main vector in the plains of Guangxi
and the northwestern and southern of Guizhou. Also, An. minimus was the
preponderant vector in Guangdong, Hainan, Yunnan and Jiangxi provinces.
Other mosquitoes such as An. dirus in Hainan island (a part of Guangdong
province then) and An. jeyporiensis candidiensis in several southern provinces
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and An. sacharovi in Xinjiang also played a part role in malaria transmission in
local areas (Tang et al., 2012; Zhou, 1991).

3.2 Second phase: outbreak and pandemic transmission
(1960-1979)

The transmission of malaria in this period was unstable and hyperendemic
(Figure 1.1(a)). A pandemic transmission of vivax malaria occurred in the
Huang-huai plain (Sang et al., 2011) and central China, including Jiangsu,
Shandong, Henan, Anhui and Hubei provinces, because of the interruption
of malaria control activities attributed by a natural disaster in the begin-
ning of 1960s and political unrest in 1967. In addition, malarial outbreaks
caused by population movements were recorded in Hainan, Zhejiang, Fujian
and Yunnan, etc. (Tang et al., 2012; Zhou, 1991). During the 20 years, more
than 18,000,000 malaria cases were accumulatively reported from each of
five central parts of China, including Henan, Jiangsu, Shandong, Anhui and
Hubei provinces. More than 1,000,000 cases were individually reported from
the other 10 provinces including Jiangxi, Zhejiang, Sichuan, Hunan, Fujian,
Guangdong, Hebei, Guangxi, Shanghai and Yunnan, and approximately
1,000,000 cases were form other endemic areas (Tang et al., 2012). Annual
deaths suffered from malaria numbered in the hundreds, with the highest total
of approximately 2050 in 1963 (Figure 1.2(a)). The country was stratified into
four transmission areas according to malaria prevalence (Figure 1.3(a)).

The pandemic transmission in the central parts was caused by An.
Sinensis, with its wide distribution, large population, and outdoor-biting
behaviour. Nevertheless, malaria prevalence in Hainan and the southeastern
coastal areas decreased because of the shrinking distribution of An. minimus.
During this phase, An. anthropophagus was identified as an important malaria
vector in the some southern and central areas with a high transmission
capacity. Meanwhile, An. dirus become the main vector in Hainan with the
elimination of An. minimus (Tang et al., 2012).

Specific strategies were formulated to control outbreaks and pandem-
ics, mainly based on the species of vector in particular areas. Vector con-
trol interventions, such as insecticide treated net (ITN), combined with
case management were the primary strategies implemented in the south-
ern areas, where An. minimus was the predominant vector (MOH, 1964;
Tang et al., 2012). The northern parts of China, where An. sinensis was the
key vector, adopted integrated measures, including environment improve-
ment, a radical treatment that administration with primaquine plus pyri-
methamine/quinine, and prophylactic chemotherapy with pyrimethamine
in high-transmission settings.
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Figure 1.1 The reported cases and incidence in P.R. China. (a) 1960-1979; (b) 1980-1999; (c) 2000-2009; (d) 2010-2012.
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Figure 1.2 The number of death due to malaria in PR. China. (a) 1960-1979; (b) 1980-
1999; (c) 2000-2009.
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Figure 1.3 The geographical stratification of malaria based on the incidences in PR.
China: (a) 1979 (Tang et al., 1991); (b) 1985 (Tang et al., 2012); (c) 2007-2009 (Yin et al.,
2013); (d) 2010-2012 (Yin et al., 2013).

3.3 Third phase: decline with sporadic case distribution
(1980-1999)

In this phase, malaria prevalence was declining gradually, with the exception
of the year 1989 and 1994 (MoH Expert Advisory Committee on Malaria,
1993; MoH Expert Advisory Committee on Malaria, 1994; MoH Expert
Advisory Committee on Malaria, 1995; MoH Expert Advisory Commit-
tee on Malaria, 1998; MoH Expert Advisory Committee on Malaria, 1999;
MoH Expert Advisory Committee on Malaria, 2000; MoH Expert Advi-
sory Committee on Parasitic Diseases, 1988; MoH Expert Advisory Com-
mittee on Parasitic Diseases, 1989; MoH Expert Advisory Committee on
Parasitic Diseases, 1990; MoH Expert Advisory Committee on Parasitic
Diseases, 1991; MoH Expert Advisory Committee on Parasitic Diseases,
1992; MoH Expert Advisory Committee on Parasitic Diseases, 1996; MoH
Expert Advisory Committee on Parasitic Diseases, 1997; CoMS Malaria
Commission, 1983; CoMS Malaria Commission, 1984; CoMS Malaria
Commission, 1985; CoMS Malaria Commission, 1986; CoMS Malaria
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Commission, 1987) (Figure 1.1(b)).The case reduction rates were reported
of approximately 30—43% during 1982—1988 and approximately 15-25%
during 1990-1996, except for 1994 because of increasing population
movement towards southern parts of China with high malaria transmis-
sion (MoH Expert Advisory Committee on Malaria, 1995). In the first
10years of this period, more than 40% of cases were reported from central
China including Jiangsu, Shandong, Henan, Anhui and Hubei, while in
the latter 10years more than 40% of cases were from the southern China,
including Yunnan, Hainan, Guizhou, Guangxi, Guangdong, Fujian, Sich-
uan and Chongging. Vivax malaria was the predominant species and was
widely distributed in the endemic areas in the period. Falciparum malaria
has been limited to Yunnan and Hainan provinces since 1995, although it
also occurred in a few provinces in the past. The number of death due to
malaria dramatically decreased, with less than 70 deaths reported annually
(Tang et al., 1991) (Figure 1.2(b)). Malaria stratification was also updated
along with the changing transmission (Figure 1.3(b)).

No significant variation in the species and distribution of vectors was
found, but the malaria situation in the areas with different main vectors
underwent a great change. In the areas where An. sinensis was the domi-
nant vector, malaria transmission steadily decreased due to the shrinking
of breeding grounds. However, the transmission was unstable in the areas
where An. anthropophagus was the main vector, with a higher vector capac-
ity (Pan et al., 1999; Wang et al., 1986). An. dirus was mainly distributed in
particular areas in Yunnan and Hainan, which greatly contributed to the
high prevalence of falciparum malaria in Hainan.

Control measures were tailored to different malaria profiles and spe-
cific vectors. At the beginning of this phase, case management combined
with vector control interventions were adopted in the areas where vivax
malaria was prevalent by An. sinensis. ITNs using DDT or pyrethroid
insecticides followed by case management were applied in the areas
where An. anthropophagus or An. minimus was the main vector. Environ-
ment modifications for breeding sites reduction were added in the areas
with An. dirus. Residual foci elimination and case surveillance were car-
ried out in areas with relatively low transmission, where the prevalence
was less than 5 per 10,000 population. Especially in this phase, the con-
cept and target of malaria eradication were initially proposed in 1983
(MOH, 1983). Subsequent technical guidelines and protocols related to
case management, vector control, surveillance, and training were devel-
oped, with a target of basically eradicating malaria in particular localities

Malaria Control and Elimination Program in the People’s Republic of China, First Edition, 2014, 1-19



10 Jian-Hai Yin et al.

(MOH, 1984a,b; MOH, 1986; MOH, 1986; MOH, 1989; MOH, 1990;
MOH, 1996; MOH et al., 1985).

3.4 Fourth phase: low transmission with a re-emergence in
Central China (2000-2009)

Malaria transmission presented an unstable pattern from 2000 to 2009, with
the highest incidence of 0.49 per 10,000 in 2006 and the lowest incidence
of 0.11 per 10,000 in 2009 (MoH Expert Advisory Committee on Malaria,
2001; Sheng et al., 2003; Zhou et al., 2005; Zhou et al., 2006a; Zhou et al.,
2006b; Zhou et al., 2007; Zhou et al., 2008; Zhou et al., 2009; Zhou et al.,
2011) (Figure 1.1(c)). Moreover, there still existed a large number of suspected
malaria cases nationwide, with no data available for the suspected cases in
2000 and 2001. Less than 100 deaths due to malaria were reported in each
year (Figure 1.2(c)). A new malaria transmission map was drawn for further
stratification leading to malaria control and elimination (Figure 1.3(c)).

In particular, since 2001, a re-emergence unpredictably occurred in
central parts of China along the Huang-Huai River, including Anhui,
Henan, Hubei and Jiangsu provinces. Anhui Province alone accounted
for more than 50% of the country’s total cases. Even so, Yunnan Prov-
ince maintained its rank in the top three for numbers and incidence
rates (Figure 1.4). Vivax malaria accounted for a majority of cases.
Locally-transmitted falciparum malaria declined significantly and was
limited to Yunnan and Hainan provinces (Figure 1.5).

An. sinensis, An. dirus, An. anthropophagus, and An. minimus were still the
main malaria vectors in this period (MOH, 2007), while An. pseudowillmori
was identified as the key malaria transmiting vector in Motuo County of
Tibet (Wu et al., 2009). The intensity of An. anthropophagus and An. minimus
were much lower, so it was difficult to capture in the most endemic areas
(Wang et al., 2013). New geographic distributions of An. anthropophagus
were identified in three provinces of Henan, Shandong and Liaoning (Gao
et al., 2002; Ma et al., 2000; Shang et al., 2007).

Specific strategies were adopted in particular malaria transmission
areas and for the control of re-emergence. Comprehensive measures were
intensively implemented in the high-transmission areas of borders of Yun-
nan and the central southern mountainous counties of Hainan to control
or eliminate falciparum malaria, supported by the first round of the Global
Fund to Fight AIDS, Tuberculosis and Malaria programme (GFATM).
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Figure 1.5 The changesin number and proportion of falciparum malaria cases reported
in PR. China, 2002-2009.

The main activities involved in various aspects of malaria control which
included early diagnosis and appropriate treatment, focal vector control
interventions, malaria management among mobile populations, health
education and promotion, and surveillance, monitoring and evaluation.
The successtul application and implementation of the fifth round of the
GFATM greatly contributed to the rollback of re-emergence in central
China and made a strong base for the NMEP.
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Table 1.1 Epidemiological features of four phases of malaria in PR. China from 1949 to
2009
Epidemiological

Phase (period) features Control strategy

Indeterminacy of Seriously prevalent,  Notifiable disease enrolment,
malaria transmission  information about malaria-reporting mechanism,
phase (1949-1959) malaria species and malaria control trials, baseline

vectors unclear surveys of Plasmodium and
nationwide vectors, etc.

Outbreak and pan- Unstable and ITNs combined with case man-
demic transmission hyperendemic, vivax ~ agement; integrated measures
phase (1960-1979) malaria pandemic composed of environment

in the Huang-huai improvements, radical treat-
plain and central ment with primaquine plus
China pyrimethamine/quinine,

prophylactic chemotherapy
with pyrimethamine, etc.

Decline phase with Decreasing, sporadic ~ Case management, vector con-
sporadic case distribution trol with ITNs, environment
distribution modification, case surveillance,
(1980-1999) personnel training, etc.

Low transmission phase Unstable but low Early diagnosis and appropriate
with a re-emergence  transmission, treatment, focal vector control
in the central China unpredictable interventions, malaria
(2000-2009) re-emergence in management among mobile

the central China populations, health education

and promotion, and
surveillance, monitoring and
evaluation, etc.

4. LOOKING FORWARD

With tremendous investments and intensive interventions, malaria has
been effectively controlled in China (Figure 1.1(d), Table 1.1), with autoch-
thonous cases being dramatically reduced to limited localities (Xia et al., 2012;
Xia et al., 2013; Zhou et al., 2011b) (Figure 1.6). In recent years, locally trans-
mitted malaria was limited to a few counties, from 303 counties in 18 prov-
inces in 2010, to 160 counties in 12 provinces in 2011, down to 41 counties
in 5 provinces in 2012 (Yin et al., 2013) (Figure 1.3(d)). However, almost all
of counties in the whole country have reported the importation of malaria
mainly due to labours back from other countries, covering 651 counties in 23
provinces in 2010, 760 counties in 26 provinces in 2011, and 598 counties in
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Figure 1.6 The trends of the number and proportion of malaria cases reported in P.R.
China, 2010-2012.

29 provinces in 2012. Only 15 counties — 11 counties of Anhui, 3 of Yunnan,
and 1 of Tibet — had no imported cases in the years of 2010, 2011 and 2012.
Therefore, there still have technical and managerial challenges in the transition
from control towards elimination (Zheng et al., 2013; Tambo et al., 2014a).

4.1 Challenges

As efforts toward malaria elimination progress, more and more areas will be
investigated by timely experts for surveillance and response after onsets of
malaria cases in order to interruption of malaria transmission promptly in
the NMEP. This will result in a shortage of human resources and finances
for malaria surveillance and response (Yin et al., 2013), including vector sur-
veillance (Tambo et al., 2014b). It is an essential to sustain personnel training
and finances, as well as formulate proposals for postelimination malaria sur-
veillance. It must pay much more attention to the following three scenarios,
while keeping routine surveillance for malaria cases and mosquito vectors.

4.1.1 Imported malaria

Imported malaria has become an important challenge with an increasing
proportion of total cases, accounting for more than 90% in 2012 (Figure 1.6).
There has been a remarkable upward trend in recent years, with the increasing
movement of labourers returning from Africa and frequent movement cross the
borders. Moreover, not only dominant falciparum malaria from African coun-
tries and vivax malaria from Asian countries, but also some malariae and ovale
malaria, have been reported with an increasing pattern as well (Xia etal.,2012).
The transmission settings, especially the distribution of malaria vectors, cannot
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be changed fundamentally following the reduction of malaria transmission.
It is necessary to monitor whether domestic mosquitoes in PR.. China could
be infected with the imported Plasmodium spp. In addition, current measures
on imported cases and foci-related investigation should refer to the diagnosis,
treatment, and management of imported malaria cases. In addition, domestic
multisectoral cooperation, international multilateral collaboration, and infor-
mation harmonization should be sustained and strengthened.

4.1.2 Asymptomatic and low-parasitemia infections

Little data about asymptomatic or low-parasitemia individuals in PR. China
can be retrieved. These populations account for most infections from Anoph-
eles mosquitoes and are difticult to identify due to low-parasitemia (Ganguly
et al., 2013; Harris et al., 2010; Starzengruber et al., 2014; Zoghi et al.,
2012). It is also an important challenge related to transmission interruption.
China lacked malaria-sensitive diagnostic tools for asymptomatic patients
and patients with low levels of parasitemia. Although RDTs, polymerase
chain reaction, and other techniques have been used in NMEP, most cases
were tested based on the results of microscopy (Zheng et al., 2013). There-
fore, development of much more sensitive and cost-eftective techniques for
malaria diagnosis is essential for the NMEP in PR. China.

4.1.3 Resistance of P. falciparum to artemisinin

Although P falciparum resistance to artemisinin is restricted to the Greater
Mekong Subregion including Cambodia, Laos, Myanmar, Thailand and
Vietnam, different day-3 positivity rates among malaria patients treated
with artemether-lumefantrine were reported in South America (Ariey
et al., 2014; Liu, 2014; Miotto et al., 2013; WHO, 2014). The consequence
of widespread resistance to artemisinin will be catastrophic (Bhatia et al.,
2013). Routine monitoring of P. falciparum resistance to artemisinin is espe-
cially necessary to carry out in Yunnan border areas, although no artemis-
inin-resistant cases have been found so far (Starzengruber et al., 2012).

4.2 Recommendation

To achieve the final goal of eliminating malaria in China, sustained efforts

are essential to transfer from the control stage to the elimination stage.

Therefore, efforts to accelerate the transition stage from control to elimina-

tion are recommended in the following five fields:

e Improving surveillance technology with more sensitivity of malaria
detection as well as modeling transmission patterns supported by the
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essential database (ERACGoM mal 2011; malEra Consultative Group on
Monitoring et al.,2011; Zhou et al.,2013; Liu et al., 2012; Xia et al., 2013).

* Strengthening the health system through multisectorial cooperation,
which enforces the response action to malaria foci (Alonso and Tanner,
2013; ERACGoHS mal, 2011).

* Sustaining the NMEP investments to further improve the quality of the
programme activities, such as monitoring and evaluation, health education,
etc. (Alonso and Tanner, 2013; Brijnath et al., 2014; Koenker et al., 2014;
ERACGoIS mal, 2011; malEra Consultative Group on Monitoring, 2011).

* Enforcing capacity building, with both professional institutions and per-
sonnel working in NMEP (Alonso et al., 2011).

* Encouraging more activities in research and development in order to cope
with emerging issues, such as artemisinin resistance, identification of para-
site origins, GGPD deficiency, community-based interventions, etc. (Alonso
and Tanner, 2013; Brijnath et al., 2014; Liu, 2014; ER ACGoD mal, 2011).

5. CONCLUSION

Malaria incidence in PR. China has been reduced to the lowest level
in the history. However, the NMEP goal of malaria elimination will not be
achieved by 2020 if the efforts of the consistent phase-specific interventions
are not intensified enough. Major challenges include malaria surveillance and
response, which should be tailored to local settings in the transition stage from
control to elimination, particularly for the increasing patterns of imported
malaria cases, asymptomatic and low-parasitemia infections, and artemisinin
resistance. It is suggested that the activities of the NMEP, including mul-
tilateral cooperation, investments in NMEP, health systems, and personnel
capacity, research and development, have to be strengthened in both the elim-
ination and postelimination stages to finally win the battle against malaria.

ACKNOWLEDGEMENTS

This project was supported by the National S & T Major Programme (grant no.
20127X10004220), the National S & T Supporting Project (grant no. 2007BAC03A02) and
the China UK Global Health Support Programme (grant no. GHSP-CS-OP1).

REFERENCES

Ariey, E, Witkowski, B., Amaratunga, C., Beghain, J., Langlois, A.C., Khim, N., Kim, S., Duru,
V., Bouchier, C., Ma, L., et al., 2014. A molecular marker of artemisinin-resistant Plasmo-
dium falciparum malaria. Nature 505, 50-55.

Alonso, PL., Tanner, M., 2013. Public health challenges and prospects for malaria control and
elimination. Nat. Med. 19, 150-155.

Malaria Control and Elimination Program in the People’s Republic of China, First Edition, 2014, 1-19



16 Jian-Hai Yin et al.

Alonso, PL., Brown, G., Arevalo-Herrera, M., Binka, E, Chitnis, C., Collins, E, Doumbo,
O.K., Greenwood, B., Hall, B.E, Levine, M.M., et al., 2011. A research agenda to under-
pin malaria eradication. PLoS Med. 8, e1000406.

Bhatia, R., Rastogi, R.M., Ortega, L., 2013. Malaria successes and challenges in Asia. ].Vector
Borne Dis. 50, 239-247.

Brijnath, B., Butler, C.D., McMichael, AJ., 2014. In an interconnected world: joint research
priorities for the environment, agriculture and infectious disease. Infect. Dis. Poverty 3, 2.

Cotter, C., Sturrock, H.J., Hsiang, M.S., Liu, J., Phillips, A.A., Hwang, J., Gueye, C.S.,
Fullman, N., Gosling, R.D., Feachem, R.G., 2013. The changing epidemiology of
malaria elimination: new strategies for new challenges. Lancet 382, 900-911.

Expert Advisory Committee on Malaria MoH, 1993. Malaria situation in the People’s
Republic of China in 1992. Chin. J. Parasitol. Parasit. Dis. 11, 161-164.

Expert Advisory Committee on Malaria MoH, 1994. Malaria situation in the People’s
Republic of China in 1993. Chin. J. Parasitol. Parasit. Dis. 12, 161-164.

Expert Advisory Committee on Malaria MoH, 1995. Malaria situation in the People’s
Republic of China in 1994. Chin. J. Parasitol. Parasit. Dis. 13, 161-164.

Expert Advisory Committee on Malaria MoH, 1998. Malaria situation in the People’s
Republic of China in 1997. Chin. J. Parasitol. Parasit. Dis. 16, 161-163.

Expert Advisory Committee on Malaria MoH, 1999. Malaria situation in the People’s
Republic of China in 1998. Chin. J. Parasitol. Parasit. Dis. 17, 193—195.

Expert Advisory Committee on Malaria MoH, 2000. Malaria situation in the People’s
Republic of China in 1999. Chin. J. Parasitol. Parasit. Dis. 18, 129-131.

Expert Advisory Committee on Parasitic Diseases MoH, 1988. Malaria situation in China,
1987. Chin. J. Parasitol. Parasit. Dis. 6, 241-244.

Expert Advisory Committee on Parasitic Diseases MoH, 1989. Malaria situation in China,
1988. Chin. J. Parasitol. Parasit. Dis. 7, 241-244.

Expert Advisory Committee on Parasitic Diseases MoH, 1990. Malaria situation in China,
1989. Chin. J. Parasitol. Parasit. Dis. 8, 241-244.

Expert Advisory Committee on Parasitic Diseases MoH, 1991. Malaria situation in the Peo-
ple’s Republic of China in 1990. Chin. J. Parasitol. Parasit. Dis. 9, 250-253.

Expert Advisory Committee on Parasitic Diseases MoH, 1992. Malaria situation in the Peo-
ple’s Republic of China in 1991. Chin. J. Parasitol. Parasit. Dis. 10, 161-165.

Expert Advisory Committee on Parasitic Diseases MoH, 1996. Malaria situation in the Peo-
ple’s Republic of China in 1995. Chin. J. Parasitol. Parasit. Dis. 14, 169-172.

Expert Advisory Committee on Parasitic Diseases MoH, 1997. Malaria situation in the Peo-
ple’s Republic of China in 1996. Chin. J. Parasitol. Parasit. Dis. 15, 129—-132.

Expert Advisory Committee on Malaria MoH, 2001. Malaria situation in the People’s
Republic of China in 2000. Chin. J. Parasitol. Parasit. Dis. 19, 257-259.

Gao, Q., Cooper, R.D., Zhou, H.Y,, Pan, B., Yang, W., Guo, C.K., Huang, G.Q., Li, EH.,
Li, J.L., Shen, B.X., et al., 2002. Genetic identification of Anopheles anthropophagus and
Anopheles sinesis by PCR-RFLP. Chin. J. Zoonoses 18, 39-42.

Ganguly, S., Saha, P, Guha, S.K., Biswas,A., Das, S., Kundu, PK., Maji,A.K.,2013. High prev-
alence of asymptomatic malaria in a tribal population in eastern India. J. Clin. Microbiol.
51, 1439-1444.

Harris, I., Sharrock, W.W., Bain, L.M., Gray, K.A., Bobogare, A., Boaz, L., Lilley, K., Krause,
D., Vallely, A., Johnson, M.L., et al., 2010. A large proportion of asymptomatic Plasmo-
dium infections with low and sub-microscopic parasite densities in the low transmission
setting of Temotu Province, Solomon Islands: challenges for malaria diagnostics in an
elimination setting. Malar. J. 9, 254.

Kitua, A., Ogundahunsi, O., Lines, J., Mgone, C., 2011. Conquering malaria: enhancing the
impact of effective interventions towards elimination in the diverse and changing epide-
miology. J. Global Infect. Dis. 3, 161-165.

Malaria Control and Elimination Program in the People’s Republic of China, First Edition, 2014, 1-19



Historical Patterns of Malaria Transmission in China 17

Koenker, H., Keating, J., Alilio, M., Acosta, A., Lynch, M., Nafo-Traore, E, 2014. Strategic
roles for behaviour change communication in a changing malaria landscape. Malar. J.
13,1.

Liu, D.Q., 2014. Surveillance of antimalarial drug resistance in China in the 1980s-1990s.
Infect. Dis. Poverty 3, 8.

Liu, J., Yang, B., Cheung, W.K., Yang, G., 2012. Malaria transmission modelling: a network
perspective. Infect. Dis. Poverty 1, 11.

MOH, 2007. Malaria Control Manual. People’s Medical Publishing House, Beijing.

MOH, 1956. Malaria Control Programme.

MOH, 1964.Technical Proposal for Malaria Control in China.

MOH, 1983. Malaria control programme in China, 1983—1985.

MOH, 1984a. Malaria control management regulation.

MOH, 1984b. The criteria and assessment for malaria control and basic eradication (Trial).

Malaria Commission CoMS, 1983. Epidemiological status of malaria in the People’s Repub-
lic of China in 1981 and suggestions for control. J. Parasitol. Parasit. Dis. 1, 2—4.

Malaria Commission CoMS, 1984. Malaria control and morbidity in China in 1982. J. Para-
sitol. Parasit. Dis. 2, 1-2.

Malaria Commission CoMS, 1985. The malaria situation in 1984 in the People’s Republic
of China. J. Parasitol. Parasit. Dis. 3, 241-243.

Malaria Commission CoMS, 1986.The malaria situation in China, 1985. J. Parasitol. Parasit.
Dis. 4,241-243.

Malaria Commission CoMS, 1987. Malaria situation in China. 1986. Chin. J. Parasitol. Para-
sit. Dis. 5, 241-243.

MOH, 1986a. Malaria Control Programme in China, 1986—1990.

MOH, 1986b.The Interim Criteria for Malaria Control, Basic Eradication, Eradication and
Basic Eradication of Falciparum Malaria. .

MOH, 1989.Technical Proposal for Malaria Control.

MOH, 1990. Malaria Control Programme in China, 1991-1995.

MOH, 1996. Malaria Control Programme in China, 1996-2000.

MOH, MOPS, MOEP, MOWC, MOA, 1985. Interim Measures To Manage Malaria In
Floating Populations.

Ma,YJ., Qu, EY,, Ca0,Y.C.,Yang, B.J.,2000. On molecular identification and taxonomic sta-
tus of Anopheles lesteri and Anopheles anthropophagus in China (Diptera: Culicidae). Chin.
J. Parasitol. Parasit. Dis. 18, 325-328.

Miotto, O., Almagro-Garcia, J., Manske, M., Macinnis, B., Campino, S., Rockett, K.A.,
Amaratunga, C.,Lim, P, Suon, S., Sreng, S., et al., 2013. Multiple populations of artemis-
inin-resistant Plasmodium falciparum in Cambodia. Nat. Genet. 45, 648—655.

mal ERACGoM, 2011. A research agenda for malaria eradication: modeling. PLoS Med. 8,
e1000403.

malEra Consultative Group on Monitoring E, Surveillance, 2011. A research agenda
for malaria eradication: monitoring, evaluation, and surveillance. PLoS Med. 8,
e1000400.

mal ERACGoHS, Operational R, 2011. A research agenda for malaria eradication: health
systems and operational research. PLoS Med. 8, ¢1000397.

mal ERACGOoIS, 2011. A research agenda for malaria eradication: cross-cutting issues for
eradication. PLoS Med. 8, e1000404.

mal ERACGoD, Diagnostics, 2011. A research agenda for malaria eradication: diagnoses and
diagnostics. PLoS Med. 8, ¢1000396.

Pan, B., Zhu, TH., Li, Z.Z., Xu, R.H., Xu,Y.Y., Wu, X.G., Lin, R . X.,Wu, C.G.,Yang, Z.H.,
Ynag, W.S., 1999. Studies on distribution, ecological feature, malaria transmission effect
and control measure of Anopheles anthropophagus in Guangdong province. Chin. J.
Vector Biology Control 10, 374-378.

Malaria Control and Elimination Program in the People’s Republic of China, First Edition, 2014, 1-19



18 Jian-Hai Yin et al.

Sang, LY., Xu, B.L., Su, Y.P, 2011. Malaria Endemics and Control in Henan Province.
Zhongyuan Publishing Media Group, No. 66 Zhengjingwulu, Zhengzhou.

Sheng, H.E, Zhou, S.S., Gu, Z.C., Zheng, X.,2003. Malaria situation in the People’s Repub-
lic of China in 2002. Chin. J. Parasitol. Parasit. Dis. 21, 193—-196.

Shang, L.Y., Chen, J.S.,Li, D.E, LI P, SuYP, Liu, H., 2007. Studies on distribution, ecological
feature and malaria transmission effect of Anopheles anthropophagus in Henan province,
China. J. Pathog. Biol. 2, 304-306.

Starzengruber, P, Fuehrer, H.P, Ley, B., Thriemer, K., Swoboda, P, Habler, VE., Jung, M.,
Graninger, W., Khan, W.A., Haque, R, et al., 2014. High prevalence of asymptomatic
malaria in south-eastern Bangladesh. Malar. J. 13, 16.

Starzengruber, P., Swoboda, P, Fuehrer, H.P.,, Khan, W.A., Hofecker, V., Siedl, A., Fally, M.,
Graf, O, Teja-Isavadharm, P, Haque, R., et al., 2012. Current status of artemisinin-
resistant falciparum malaria in South Asia: a randomized controlled artesunate mono-
therapy trial in Bangladesh. PLoS One 7, €52236.

Tambo, E., Ai, L., Zhou, X., Chen, J.H., Hu, W,, Bergquist, R., et al., 2014a. Surveillance-
response systems: the key to elimination of tropical diseases. Infect. Dis. Poverty 3, 17.

Tambo, E., Ugwu, E.C., Ngogang, J.Y., 2014b. Need of surveillance response systems to
combat Ebola outbreaks and other emerging infectious diseases in African countries.
Infect. Dis. Poverty 3, 29.

Tang, L.H., Xu, L.Q., Chen, Y.D., 2012. Parasitic Disease Control and Research in China.
Beijing Science & Technology Press, Beijing.

Tang, L.H., Qian, H.L., Xu, S.H., 1991. Malaria and its control in the People’s Republic of
China. Southeast Asian J. Tropical Med. Public Health 22, 467-476.

Wu, S., Pan, J.Y., Wang, X.Z., Zhou, S.S., Zhang, G.Q., Liu, Q., Tang, L.H., 2009. Anopheles
pseudowillmori is the predominant malaria vector in Motuo County, Tibet Autonomous
Region. Malar. J. 8, 46.

Wu, S., Huang, E, Zhou, S.S., Tang, L.H., 2012. Study on malaria vectors in malaria endemic
areas of Tibet Autonomous Region. Chin. J. Schistosomiasis Control 24, 711-713.

Wu, S., Huang, E, Wang, D.Q., Xu, G.J., Jiang, W.K., Zhou, S.S., Tang, L.H., Wang, H.J.,
Zhuoma,Y].,Yong, J., et al., 2013. Ecological behavior comparison between Anopheles
pseudowillmori and A. willmori in villages with malaria outbreaks in Motuo County, Tibet
Autonomous Region. Chin. J. Schistosomiasis Control 25, 362-366.

Wang, H., Gao, C.K., Huang, H.M., Liu, C.E, Qian, H.L., Lin, S.Y., Zhu, G.S., Zhao, S.Q.,
Zhen,].J., 1986. Geographic distribution of Anopheles lesteri anthropophagus and its role in
malaria transmission in Guangxi. Chin. J. Parasitol. Parasit. Dis. 5, 104-106.

Wang, W.M., Cao, J., Zhou, H.Y., Li,J.L., Zhu, G.D., Gu,Y.P, Liu,Y.B., Cao,Y.Y., 2013. Sea-
sonal increase and decrease of malaria vector in monitoring sites of Jiangsu province in
2005-2010. China Trop. Med. 13, 152—155.

WHO, 2013. World Malaria Report 2013. WHO Press, Avenue Appia, 1211 Geneva 27,
Switzerland.

WHO, 2014. Update on Artemisinin Resistance.

Xia, S.,Allotey, P, Reidpath, D.D.,Yang, ., Sheng, H.E, Zhou, X.N., 2013. Combating Infect.
Dis. Poverty: a year on. Infect. Dis. Poverty 2, 27.

Xia, Z.G.,Yang, M.N., Zhou, S.S., 2012. Malaria situation in the People’s Republic of China
in 2011. Chin. J. Parasitol. Parasit. Dis. 30, 419-422.

Xia, Z.G., Feng, J., Zhou, S.S., 2013. Malaria situation in the People’s Republic of China in
2012. Chin. J. Parasitol. Parasit. Dis. 31, 413—418.

Yin,].H.,Yang, M.N., Zhou, S.S.,Wang,Y., Feng, J., Xia, Z.G., 2013. Changing malaria trans-
mission and implications in China towards National Malaria Elimination Programme
between 2010 and 2012. PLoS One 8, €74228.

Yin,W.,, Dong, J.,Tu, C., Edwards, J., Guo, E, Zhou, H., et al., 2013. Challenges and needs for
China to eliminate rabies. Infect. Dis. Poverty 2, 23.

Malaria Control and Elimination Program in the People’s Republic of China, First Edition, 2014, 1-19



Historical Patterns of Malaria Transmission in China 19

Zhou, Z.].,1985. Current status of malaria in China. In:The Asia and Pacific Conference on
Malaria: 1985, pp. 31-39.

Zhou, S.S.,Wang,Y., Xia, Z.G., 2011a. Malaria situation in the People’s Republic of China
in 2009. Chin. J. Parasitol. Parasit. Dis. 29, 1-3.

Zhou, S.S., Wang, Y., Li,Y., 2011b. Malaria situation in the People’s Republic of China in
2010. Chin. J. Parasitol. Parasit. Dis. 29, 401-403.

Zhou, Z.J., 1991. Malaria Control and Research in China. People’s Medical Publishing
House, Beijing.

Zhou, Z.]., 1981. The malaria situation in the People’s Republic of China. Bull. World
Health Organ. 59, 931-936.

Zhou, S.S., Tang, L.H., Sheng, H.E, 2005. Malaria situation in the People’s Republic of
China in 2003. Chin. J. Parasitol. Parasit. Dis. 23, 385-387.

Zhou, S.S.,Tang, L.H., Sheng, H.E,Wang,Y., 2006a. Malaria situation in the People’s Repub-
lic of China in 2004. Chin. J. Parasitol. Parasit. Dis. 24, 1-3.

Zhou, S.S.,Wang,Y., Tang, L.H., 2006b. Malaria situation in the People’s Republic of China
in 2005. Chin. J. Parasitol. Parasit. Dis. 24, 401—403.

Zhou, S.S.,Wang, Y., Tang, L.H., 2007. Malaria situation in the People’s Republic of China
in 2006. Chin. J. Parasitol. Parasit. Dis. 25, 439—-441.

Zhou, S.S.,Wang,Y., Fang,W., Tang, L.H., 2008. Malaria situation in the People’s Republic of
China in 2007. Chin. J. Parasitol. Parasit. Dis. 26, 401-403.

Zhou, S.S.,Wang,Y., Fang,W., Tang, L.H., 2009. Malaria situation in the People’s Republic of
China in 2008. Chin. J. Parasitol. Parasit. Dis. 27 (457), 455—456.

Zoghi, S., Mehrizi, A.A., Raeisi, A., Haghdoost, A.A., Turki, H., Safari, R., Kahanali, A.A.,
Zakeri, S., 2012. Survey for asymptomatic malaria cases in low transmission settings of
Iran under elimination programme. Malar. J. 11, 126.

Zheng, Q.,Vanderslott, S., Jiang, B., Xu, L.L., Liu, C.S., Huo, L.L., Duan, L.P., Wu, N.B., Li,
S.Z.,Xia, Z.G., et al., 2013. Research gaps for three main tropical diseases in the People’s
Republic of China. Infect. Dis. poverty 2, 15.

Zhou, X.N., Bergquist, R., Tanner, M., 2013. Elimination of tropical disease through surveil-
lance and response. Infect. Dis. poverty 2, 1.

Malaria Control and Elimination Program in the People’s Republic of China, First Edition, 2014, 1-19



