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Abstract

To understand the current status of the malaria control programme at the county level in
accordance with the criteria of the World Health Organisation, the gaps and feasibility of
malaria elimination at the county and national levels were analysed based on three kinds
of indicators: transmission capacity, capacity of the professional team, and the intensity of
intervention. Finally, a roadmap for national malaria elimination in the People’s Republic
of China is proposed based on the results of a feasibility assessment at the national level.

1. INTRODUCTION

With the articulation of the United Nations Millennium Develop-
ment Goals, global malaria control has received growing attention from
the international community (Committee and Secretariat, 2012; Dye et al.,
2013). Considerable progress has been made in global malaria control, with
malaria morbidity and mortality eftectively reduced in some countries, and
hence, malaria-endemic areas have shrinked (Bhaumik, 2013). With the
progressive move from malaria control to elimination, the World Health
Organisation (WHO) released guidelines to support countries aiming for
malaria elimination (Kelly et al., 2012; Mendis et al., 2009; WHO, 2007).
According to WHO guidelines, a blood slide positivity rate (SPR) among
febrile patients lower than 5% is an indicator of preelimination, while an
annual parasite incidence (API) among the at-risk population for 3 consec-
utive years without local infection below 1 per 1000 indicates achievement
of the elimination stage (Clements et al., 2013; Cotter et al., 2013).

A serious threat to public health, malaria is a major parasitic disease hin-
dering socioeconomic development in the People’s Republic of China
(PR.China) (Diouf et al., 2014; Laurentz, 1946; Tang et al., 1991). Since
the founding of PR. China in 1949, governments at all levels attached great
importance to prevention and control of malaria and made remarkable achieve-
ments (Zhou, 1981). For example, the incidence of malaria was reduced from
more than 24 million casesin the early 1970s to tens of thousandsin the late 1990s,
which greatly narrowed the scope of endemic areas (Tang et al., 1991). Malaria
due to Plasmodium falciparum infection was eliminated, with the exception of
Yunnan and Hainan provinces. After 2000, malaria reemerged in some areas
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(Gao et al.,2012; Zhou et al., 2012). However, with the implementation of the
2006-2015 National Malaria Control Programme (NMEP), increased support
provided by the central and local governments improved the malaria control
status. By 2009, the national incidence of malaria dropped to 14,000 cases, and
the incidence rate was lower than 1 per 10,000 in 95% of the counties (cities,
districts) in 24 malaria-endemic provinces (autonomous regions and munici-
palities) (Zhou et al.,2011). The incidence rate was above 1 per 10,000 in only
87 counties, indicating that PR. China has marched into the preparation stage
of elimination (Yin et al., 2013b).

However, malaria elimination still faces many challenges in PR. China.
First, some areas of the country are still seriously endemic, such as border
areas of Yunnan province adjacent to Myanmar (Bi et al., 2013). Second,
elimination of malaria is a new public health task, so the government has
no previous experience and weak capacity in the low- or medium-endemic
areas, especially in resource-constrained settings (Xu and Liu, 2012). Third,
in a global economy with a mobile population due to trade, tourism and
labour migration, there are constant opportunities for imported malaria
cases, which are likely to generate local transmission (Pindolia et al., 2012).
Fourth, technical bottlenecks are another obstacle on the way to malaria
elimination (Yan et al., 2013;Yin et al., 2013a). For example, microscopy
could not meet the demands of population surveillance in the malaria elimi-
nation stage because it is labour- and time-consuming (Zheng et al., 2013).

It 1s essential to understand the current status of the malaria control
programme in PR. China, the relevant criteria of WHO, as well as the gaps
and feasibility of malaria elimination at county and national levels (Anthony
et al., 2012; Maharaj et al., 2012; Moonasar et al., 2013). This will provide
more information for determining the roadmap of the national malaria
elimination campaign in PR. China based on feasibility assessments, with
an emphasis on potential transmission risks, the capacity of the professional
team and the intensity of intervention (Cotter et al.,2013; Kidson and Inda-
ratna, 1998; Moore et al., 2008;Yang et al., 2010).

> 2. FEASIBILITY ASSESSMENT AT THE NATIONAL LEVEL

A feasibility assessment was an essential step before the initiation of a
NMEP to understand the current status and future potential risks, which pro-
vide the basis for formulating the goals of the NMEP for a specific time frame
(Diouf et al., 2014; EI-Moamly, 2013; Zofou et al.,2014). A retrospective survey
was conducted using data collected from the NMEP to draw the malaria pat-
tern, potential transmission risks and institutional capacities. In-depth analyses
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were performed for the relationship between incidence and interventions at the
provincial level to demonstrate the feasibility of malaria elimination in different
settings and to come forward with a national strategy for PR. China.

2.1 Data sources

The data were collected from several sources. Information on malaria incidence
during 1950-2010 was collected from the national database on infectious
diseases. Demographic data were extracted from the China Statistical Yearbook
(NBSC, 2012). Malaria case information during 20042011 (e.g. age, sex and
occupation) was collected from the national information and reporting sys-
tem for infectious diseases (Wang et al., 2008). The National Annual Report on
Schistosomiasis, Malaria and Echinococcosis, published by the Chinese Center for
Disease Control and Prevention (Jin et al., 2006), provided malaria incidence
and intervention data collected in each province by year during 2004-2010.
Intervention data included information on radical treatment in the pretrans-
mission stage (RTPT), indoor residual spraying (IRS), populations protected
by insecticide-treated nets (ITNs), and training of microscopists, vector control
staft, epidemiologists and other specialists (Zhao et al., 2013; Xia et al., 2014).
In addition, a database was established using data collected from 24
endemic provinces in 2010 through a questionnaire survey, including trans-
mission risks and elimination capacities at the county level (Zhou et al.,
2014). The information on transmission risks included data on malaria
transmission risk with morbidity and vector species, while the data on elimi-
nation capacities included such information as whether a leading group was
established, whether an implementation plan was issued, funding, person-
nel, supervisions, microscopic examination stations, active case detections,
coverage of the reporting system, foci investigations and health education.

2.2 Assessment indicators

All quantitative data indicators were divided into five categories after being
weighted by the county population. Those assigned values revealed the
different levels of importance (EI-Moamly, 2013). Four determinants were
used in the assessment, including the incidence of malaria in each county,
the value of the transmission capacity of vector species, the malaria trans-
mission risk index for each county and the malaria elimination capability
index. The actual value of the last two indices—employing the malaria
transmission risk index (MTRI) and malaria elimination capacity index
(MECI)—were converted to a uniform dispersion ratio of magnitude

through standardised deviation, deviation normalised value = (variable
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value—min)/(max—min), so that those two indices could be compared
among all counties equally (Zhou et al., 2014). For instance, the MECI
assigned different weights to each county based on the ability to eliminate
malaria weighted by a grade value of each indicator, of which the weighted
values are summerised in Table 2.1.

By employing the MTRI, the MECI, and malaria incidence in 2010,
a plot with three dimensions was generated to make a quantitative assess-
ment of the potential risks to achieve the goal of the NMEP (Zhou et
al., 2014). The different categories of potential risks were mapped at the
county level, which will help to formulate the elimination strategy at the
national level.

2.2.1 Malaria transmission risk index

The MTRI was defined the potential risk level for malaria transmission in
a specific area. In one county, the MTRI =VTI X LPR, where VTT is the
vectorial transmission index (defined as the vectorial capacity for transmis-
sion of malaria by Anopheles mosquito, the main local mosquito species
for transmission of malaria) and LPR is the local potential risk for malaria
transmission (defined as the potential malaria transmission risk at local level
or county level, based on the malaria prevalence in the previous 3 years
from 2007 to 2009).The detailed calculations of those indices as well as the
weight values are listed in Table 2.1 (Zhou et al., 2014).

2.2.2 Malaria elimination capacity index

The MECI is defined as the local administrative ability devoted to the
NMEDP, weighted by the ability for data management, intervention work
plan in 2010, organisational management, surveillance system, inspection,
monitoring and evaluation, mobilisation, prevention for imported cases and
financial input (Table 2.1). The calculation formula is as follows:

MECI = data management X 5 + intervention work-plan in
2010 X 6 + organisational management X 4 + surveillance system
X 8 + inspection X 6 + mobilisation X 5 + monitoring and evaluation
X 8 + prevention for imported cases X 10 + financial input X 9 (Zhou
et al., 2014).

2.2.3 Risk of malaria transmission in a population

Malaria case distribution during 2004-2011 is shown in Figure 2.1. Dur-
ing 2004-2011, a total of 237,513 cases of malaria were reported, among
which 158,206 were male (66.6%) and 79,307 were female (33.4%). The



Table 2.1 The calculation of indices and their weighted values
Index Definition

Weight value?®

Vectorial transmission ~ VTT is defined as the vectorial capacity for transmission of malaria
index (VTTI) by the Anopheles mosquito, the main local mosquito species for
transmission of malaria. These mosquito species in PR. China
include Anopheles dirus, An. jeyporiensis candidiensis, An. minimus,
An. lesteri anthropophagus, An. sinensis and An. pseudowillmori

Local potential risk for LPR is defined as the potential malaria transmission risk at the local
malaria transmission level (or a county), based on the judgement of malaria prevalence
(LPR) in the previous 3 years (from 2007 to 2009). A total of four strata

were classified: stratum 1 is the area where annual malaria preva-
lence is more than 1 per 100,000 in each of the 3 years; stratum
2 is the area where annual malaria prevalence is more than 1 per
100,000 in at least 1 during 3 years; stratum 3 is the area where
malaria prevalence is less than 1 per 100,000 during 3 years; and
stratum 4 is the area where no local cases were found during

3 years.
Malaria elimination MECI is defined as the local administrative ability devoted to the
capacity index NMEDP, weighted by ability in data management, intervention
(MECI) work plan in 2010, organisational management, surveillance

system, inspection, mobilisation, monitoring and evaluation,
prevention for imported cases and financial input.

An. dirus: 6

An. jeyporiensis candidiensis: 5
An. minimus: 4

An. lesteri anthropophagus: 3
An. sinensis: 2

An. pseudowillmori: 1
Stratum 1: 10

Stratum 2:7

Stratum 3: 4

Stratum 4: 1

Data management: 5

Intervention work plan in 2010: 6
Organisational management:4
Surveillance system: 8

Inspection: 6

Mobilisation: 5

Monitoring and evaluation: 8
Prevention for imported cases: 10
Financial input: 9

“Note: Weight values were granted based on the importance of achieving the goal of the NMEP, based on Delphi analysis (details of the Delphi analysis are reported

elsewhere).
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Figure 2.1 The characterisation of malaria cases in PR. China during 2004-2011. (a) Malaria distribution stratified by sex; (b) malaria distribu-
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ratio of male to female was 1.99:1. Among the reported 237,513 cases, the
10- to 50-year-age group was predominant, accounting for 66.7% of the
total number, while the proportion of children under 5 years of age was
only 3.3%. The proportion of the 20- to 45-year-old age group tended to
increase. The majority of cases were farmers, students and migrant workers,
accounting for 61.6%, 14.9% and 9.0% of the total number, respectively,
which was 85.5% in total. Among them, the proportion of workers and
government staff increased over time from 2004 to 2011.

S 3. CORRELATION BETWEEN INCIDENCE PATTERNS
AND INTERVENTIONS IN FOUR TARGET PROVINCES

To understand the impact of the intervention on the reduction of
malaria incidence at the local level, correlations between incidence patterns
and interventions were calculated in two typical transmission areas at the
provincial level.

3.1 Historical transmission pattern of four provinces

Four typical provinces — Anhui, Henan, Yunnan and Hainan — were
selected to represent two typical patterns of malaria transmission in PR.
China: (1) high transmission areas with P vivax singly in central P.R.
China; and (2) high transmission areas with mixed P vivax and P fal-
ciparum in southern PR. China. Two transmission features during the
preelimination stage were presented with historical data collected from
2004 to 2010 (Zhang et al., 2014). First, the general transmission pattern
showed that a total of 244,836 malaria cases were reported in PR. China
from 2004 to 2010, and 88% of all cases were from four target provinces:
Anhui (accounting for 44% of the total cases), Henan (8%),Yunnan (26%)
and Hainan (10%) provinces (Pan et al., 2012; Zhou et al., 2012). Second,
only P vivax malaria was distributed in Anhui and Henan provinces dur-
ing the last decade, while both P vivax and P, falciparum malaria occurred
in Hainan and Yunnan provinces (Lin et al., 2009; Xu and Liu, 2012).

P vivax malaria incidence was highest in Hainan (0.098%) and in Anhui
(0.064%) in 2004 and in 2006, and then gradually declined annually to
0.09 and 0.28 per 10,000 in 2010, respectively. In Yunnan and Henan, the
peaks of P vivax malaria incidence were in 2005 and 2006, respectively,
which were substantially below that in Hainan and Anhui provinces (Xia
et al., 2012; Xia et al., 2014). Similarly, incidences in the two provinces
decreased to 0.60 and 0.11 per 10,000 in 2010 (Figure 2.2). The incidence
of P, falciparum malaria in Hainan was relatively higher than that in Yunnan
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Figure 2.2 Malaria incidence in the four top provinces of Anhui, Henan, Yunnan and
Hainan from 2004 to 2010. (a) Proportion of total number of malaria cases by provinces;
(b) P. vivax malaria incidence for each of four provinces (Xia et al., 2014).

during 2004-2005, but it dropped quickly to zero local cases in 2010. How-
ever, the local incidence of P falciparum malaria in Yunnan remained at a
certain level with little reduction, to 0.03 per 10,000 (Lin et al., 2009; Wang
et al., 2012; Xiao et al., 2012).

3.2 Correlation between malaria incidence and interventions

The correlation between incidence and interventions in four target prov-
inces was calculated based on the time-series cross-sectional (TSCS) data
model (Gmel et al., 2001; Reibling, 2013). The detailed process for TSCS
data modelling is described in Appendix 1. Results showed that three sce-
narios could be observed.

First, generally, the TSCS data model showed that provincial differences in
the annual incidence of malaria were mainly due to two interventions: RTPT
for populations who were either historical cases or at-risk and the applica-
tion of ITNs. The incidence of malaria diftered among the four provinces,
mainly because of antimalarial treatment variations: Yunnan was the highest,
followed by Hainan, with Henan being the lowest (F = 15.19, p < 0.001,
R? = (.724). As a result of the use of ITNs, Hainan was the highest, followed
by Yunnan, whilst Henan showed lowest (F = 16.77,p < 0.001, R? = 0.689)
(Xia et al., 2014). These data indicate that both RTPT and I'TNs are impor-
tant interventions explaining the observed reduction of malaria transmission
in Yunnan and Hainan provinces (Cao et al., 2013).

Second, in the correlation analysis between P vivax malaria incidence and
various interventions, results showed that two interventions — RTPT among
historical patients or at-risk populations and microscopy training — influ-
ence the variation of P vivax malaria incidence among the four provinces.
For P, vivax malaria treatment (F = 14.53,p < 0.001, R?> = 0.721), Hainan
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is the highest, followed by Yunnan and then Anhui, with Henan being the
lowest. For microscopy training (F = 11.53,p < 0.001,R? = 0.609), Hainan
is the highest and Henan is the lowest (Xia et al., 2014). These data indicate
that antimalaria treatment and capacity in diagnosis are the key factors in
the control of P vivax malaria (Xu et al., 2002).

Third, in the correlation analysis between P falciparum malaria inci-
dence and intervention measures, two interventions were significant factors:
microscopy training (F = 11.06, p < 0.001, R? = 0.870) and vector control
training (F = 15.28, p < 0.001, R? = 0.895) (Xia et al., 2014). These data
indicate that measures integrating treatment with strengthened capacity in
diagnosis and vector control are of importance in the control of P, falciparum
malaria transmission (Tambo et al., 2012).

3.3 Effective intervention during the transition stage from
control to elimination

To understand the changes of intervention in the transmission stage from
control to elimination, we consider a case study of the two typical pat-
terns of malaria transmission in PR. China. In the first type of transmis-
sion pattern, malaria transmission in Henan province was at the lowest
level (0.11 per 10,000) of incidence in history (in the year 2010), reach-
ing the threshold of entering the elimination stage according to WHO
criteria. In the second type of transmission pattern in Hainan province,
no P falciparum malaria cases were found and P vivax malaria incidence
was 0.09 per 10,000 in 2010, which also reached the threshold of enter-
ing the elimination stage according to WHO criteria (Committee and
Secretariat, 2013a).

In Henan province, where only P vivax malaria is transmitted, the inter-
ventions of RTPT for historical patients and at-risk populations and the
application of ITNs were eftective measures for clearing the infection
sources. These interventions had spatial and temporal characteristics based
on the results of correlation analysis (Chen et al., 2012; Liu and Xu, 20006;
Xu et al., 2006). In addition, to further reduce the incidence, strengthened
training to improve the diagnostic capacity of malaria microscopy helps in
the timely detection and treatment of malaria so as to control malaria trans-
mission (Bi et al., 2012; Fernando et al., 2013; Huang et al., 1988).

In Hainan province, where both P vivax and P, falciparum malaria were
transmitted in recent years, an RTPT intervention for malaria patients and
the at-risk population, together with strengthened capacity for micros-
copy diagnosis and vector control, were effective measures (Dapeng et al.,
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1996). Specifically for vector control, the application of I'TNs was effective,
while IRS was ineftective. This is because the major mosquito species for
transmission of malaria is An. dirus, which is mainly found outdoors in the
mountainous area of Hainan province (Wang et al., 2013).

In conclusion, RTPT for historical patients and at-risk populations dur-
ing the pretransmission season (normally from February to April) and appli-
cation of ITNs were effective measures in the transition stage from control
to elimination of malaria. The cost-effectiveness of the interventions will be
improved when the capacity for diagnosis and vector control are strength-
ened at the same time (Roy et al., 2013; Wang et al., 2012; Zheng et al.,
2013).

S 4. FEASIBILITY ANALYSIS OF MALARIA ELIMINATION
IN CHINA

To achieve malaria elimination in a large country like PR. China, there
are many challenges to address. Those challenges must be identified and
addressed with the progress of the NMEP (El-Moamly, 2013). Therefore, a
feasibility analysis of the potential to achieve the goal of the malaria elimina-
tion 1is essential at the beginning of the NMEP, with a focus on the natural and
biological risks in the transmission and intervention capacities at the local level
(Clements et al., 2013).

4.1 Transmission risks

The feasibility analysis of transmission risks was conducted in a total of 2147
counties targeting elimination in PR. China based on the goals of the NMEP
(Cao etal.,2013;Yang et al., 2012). The MTRI (see Section 2.2.1) varied from 0
to 60, with an average of 50.8. Geographically, higher MRTTIs tended to be dis-
tributed in the south, whereas lower MRT1Is were located in north PR. China.

When we analyse the MRTT for four typical transmission provinces, its
average value is the highest in Hainan province (23.6), followed by Yunnan
(22.9), Anhui (9.0) and Henan (5.6) provinces.

4.2 Malaria elimination capacities

The MECI (see Section 2.2.2) for each of 2147 counties was composed of
nine variables. The average MECI value among these 2147 counties was
221.4, varying from 23 to 895. Among the four provinces studied, it was
the highest in Yunnan province (915.1), followed by Anhui (363.2), Hainan
(349.8) and Henan (313.4) provinces. All of these MECIs exceeded the



32 Xiao-Nong Zhou et al.

1000

900 ¥

800

Malaria elimination capacity index (MECI)

E 3
+ $ * -
1§ EERUEEE
* 0‘% $ ] /:,/ ;
*
i S SR
2 4
‘/ﬂ‘*/izi’ L ¢ 3
¥ 1‘ i ‘! 4
< HESE
pa= 3
.
0 10 20 30 40 50 60 70

Malaria transmission risk index (MTRI)

Figure 2.3 Correlation diagram between county-level malaria transmission risk index
(MTRI) and malaria elimination capacity index (MECI) for 2147 counties (Zhou et al,,
2014).

average value of the whole country. Among the nine variables, two types
could be identified: the technical capacity, which can be improved by train-
ing, and the resource capacity, which can be increased through the political
awareness of policymakers. Figure 2.3 shows that the MECI in 40% of the
counties was below average, indicating that the capacities in those counties
should be strengthened in order to achieve the goal of the NMEP by 2020.

4.2.1 Technical capacity

The technical capacity included five variables: (i) data management;
(i) intervention work plan in 2010; (iii) inspection; (iv) monitoring
and evaluation; and (v) prevention for imported cases. The best way to
increase the technical capacity is to strengthen the training activities or
technical practice in technical organisations involved in malaria elimi-
nation, such as county centres for disease control and prevention, town-
ship hospitals and village clinics.

4.2.2 Resources capacity

Resources capacity covered four variables: (1) organisational management;
(11) surveillance systems; (ii1) mobilisation; and (iv) financial input. In the
areas that previously experienced large epidemics of malaria, county gov-
ernments can easily maintain the necessary capacity, but it is normally
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difficult to increase or maintain the awareness of local governments in the
counties where transmission was at low levels for a long time. Therefore,
in order to maintain this kind of resource capacity, regulations to mitigate
the potential risks of malaria transmission locally in each county are likely
to be enforced.

4.3 Feasibility analysis for malaria elimination at the national
level

4.3.1 Feasibility analysis employed by MTRI and MECI

The correlation diagram between MTRI and MECI for each county is
shown in Figure 2.3, where 85% of counties have MTRI below 20 and
MECI below 30.Therefore, counties where MTRUI is above 20 need to be
monitored rigorously.

4.3.2 Feasibility analysis employed by malaria incidence, MTRI and
MECI

A total of 2147 counties were mapped in a three-dimensional figure with
four categories (in different colours) of counties based on malaria incence
(MI), MTRI and MECI (Figure 2.4).

Figure 2.4 shows that MI rates in the majority of counties are zero,
although their MTRI varied from 0% to 20% and MECI varied from 0%
to 30%. A few of the counties located in the blue zone are of higher inci-
dence (MI > 1 per 1000 and <1 per 10,000), which is a potential risk area,
probably due to the introduction of imported cases from other regions or
countries.

4.3.3 Feasibility analysis with geographic variations

When all counties were mapped using these four categories, the spatial
distribution of each type of county provided information for decision
makers to formulate elimination strategies with certain resources in each
region (Figure 2.5). Figure 2.5 indicates that the counties in stratum 1 are
distributed along either county borders or provincial borders. Therefore,
for malaria elimination in the last stage, close attention must be paid to the
border areas, with enhanced capacity building for sustained surveillance
and response.

In historical reports on the progress of the national malaria con-
trol campaign, malaria stratification has been carried out at the county
level. For example, according to the research conducted by Ho Qi and
Feng Lanzhou in 1958, malaria endemic areas can be divided into four
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Incidence rate (M) (%)

Figure 2.4 A three-dimensional plot employing three variables (MTRI, MECI and MI)
showing four strata of counties among all 2147 studied counties (Zhou et al., 2014). Stra-
tum 1 areas are shown in red, located in the top right, with a high local vector capacity
(MTRI =50-60), of which malaria elimination capacity is at the middle level (MECl around
20) and malaria incidence is higher (Ml > 1 per 10,000). Stratum 2 areas are shown in
green, where high transmission risk (MTRI = 50-60) was present, the local antimalarial
capability was at the lower or middle level (MECI = 10-30) and the incidence rate was
less than that of stratum 1 (Ml > 1 per 1000 and < 1 per 10,000). Stratum 3 areas are
shown in yellow, where malaria transmission risk index is low (MTRI around 10), MECI
is at the middle level (around 20) and the incidence rate is close to that in stratum 2
(MI'> 1 per 1000 and <1 per 10,000). Stratum 4 areas are shown in blue, where both the
transmission risk and control capacity index are at low levels (MTRI and MECI = 0-40)
and malaria incidence rate decreased with the significant decrease of MTRI and MECI.
(For interpretation of the references to color in this figure legend, the reader is referred
to the online version of this book).

regions based on splenomegaly rate, protozoa species and media distri-
bution, terrain, climate and other factors combined with the latitude
and longitude location of endemic areas (Ho and Feng, 1958; Zhou,
1991). In 1965, unstable and stable areas were proposed by Ho Chi (Ho,
1965). In 1995, Liu Zhaotan divided malaria endemic areas into four
clusters according to vector distribution and incidence with reference to
natural and geographical profiles (Liu et al., 1995b). In 2007, the NMCP
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Figure 2.5 Map of counties at potential risk for malaria, showing four different catego-
ries of counties with geographic distribution patterns (Zhou et al., 2014).

divided malaria-endemic areas into three areas: (i) high transmission; (ii)
unstable transmission; and (iii) under control regions (MOH, 2007).

However, these classification methods are mainly based on vector distri-
bution and the level of malaria incidence. Additionally, malaria stratification
was never conducted at the county level in PR. China. In addition to vector
and incidence, malaria transmission risk is also relevant to control capacity
(Committee and Secretariat, 2013b; Cui et al., 2012). In the elimination
phase, with a dramatic decrease of incidence, it is not adequate to determine
malaria risks based on incidence and vector data only.

In this study, considering the transmission risk and control capacities,
malaria risk in 2010 was analysed at the county level, based on our pro-
posed new method for malaria risk analysis. This approach could be used
in PR. China, and even other countries, to guide stratification of malaria
transmission risk.
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> 5. PHASE-BASED MALARIA ELIMINATION STRATEGIES

The WHO proposed that once malaria incidence is less than 1 case per
1000 population at risk annularly, a malaria elimination programme could
be initiated (Bousema et al., 2012; Feachem et al., 2010). Since 1990, PR.
China’s average malaria incidence rate at the country level has decreased to
1 per 10,000 annually. However, some locations are still heavily epidemic
in specific ecosocial zones, with some outbreaks occurring from time to
time. For instance, a malaria outbreak occurred in northern Anhui province
in 2006 (Wang et al., 2009; Zhou et al., 2010). The Chinese NMEP was
not launched until 2010, with the aim to eliminate malaria nationwide by
2020 (Zheng et al., 2013; Zhou et al., 2011). Nevertheless, taking consider-
ation of the fact that transmission patterns and elimination capacities vary
from county to county, malaria elimination strategies need to be identified
based on local settings, such as at the county level in different phases of the
national programme (Cao et al., 2013;Yang et al., 2012).

5.1 Classification of elimination phases

WHO guidelines divide malaria control into four phases (Moonen et al.,
2010; WHO, 2007). Preelimination occurs when the incidence rate is less
than 1 per 1000. As shown in this study, from an annual incidence of 1 per
1000 until elimination, malaria control could be further subdivided into the
following stages under phases 2 and 3 of WHO classification (or preelimina-
tion and elimination phases) stage E1 between SPR<5% in fever patients
and 1 per 1000 of incidence rate); stage E2 (incidence rate less than 1 per
1000, and over than 1 per 10,000); stage E3 (incidence rate less than 1 per
10,000); and stage E4 (0 local cases annually).

In stage E1, the annual incidence rate is over 1 per 1000 and transmis-
sion capacity is still high; this is equivalent to the preelimination phase in
the WHO classification. All stratum 1 areas in the Chinese classification
belong to this stage. In this stage E1, transmission control is the main task. In
stage E2 the annual incidence rate is between 1 per 1000 and 1 per 10,000
and malaria transmission tends to be stable. This stage E3 is equivalent to
the start of elimination phase of the WHO classification and strata 2—3 of
the Chinese classification, in which interventions focus on clearing the
source of infection by case management and improving control capacities
towards elimination. In stage E3, the annual incidence rate is less than 1 per
10,000 and malaria transmission maintains at very low levels, with sporadic



Malaria Elimination in PR. China 37

distribution of malaria cases. This stage E3 is equivalent to the later elimi-
nation phase of the WHO classification and stratum 4 of the Chinese clas-
sification, in which the intervention is focused on surveillance and response
to preventing imported cases. In stage E4, the annual incidence approaches
0 and almost no local cases occur. This stage E4 is equivalent to the end
point of elimination phase of WHO classification and stratum 5 of the Chi-
nese classification, in which the surveillance and response systems is estab-
lished and aims at prevention of reemergence of malaria due to imported
cases (Figures 2.4 and 2.5).

5.2 Strategy formulations in each stage

Elimination strategies differ based on the transmission patterns in difter-
ent phases of the NMEP. More stages of the elimination programme exist
in the classification of the Chinese NMEP compared to the WHO clas-
sification. Therefore, more detailed elimination strategies are identified
for each stage in the Chinese NMEP. For instance, from preelimination
to posttransmission, there are only three phases in the WHO classifica-
tion—the preelimination phase, the elimination phase and the posttrans-
mission phase—until certification of malaria elimination in 3 years. The
elimination phase is normally much longer, usually more than 5-10 years.
Therefore, Chinese classification uses five stages, which are based on the
indices of malaria transmission and control capability. Stage E1 is equiva-
lent to the preelimination of WHO classification; stage E2 is equivalent to
the WHO elimination phase in the early period; stage E3 is equivalent to
the WHO elimination phase in the middle period; stage E4 is equivalent
to the period of zero local cases in the later WHO elimination phase; and
stage E5 1s equivalent to the WHO posttransmission phase (Table 2.2).
In accordance with the five strata of malaria endemic areas in PR.
China, the elimination strategy varies from stratum to stratum. For instance,
stratum 1 areas (shown in red in Figure 2.6) are mainly located in Yunnan,
Hainan and Guizhou. In this important area to eliminate malaria, elimina-
tion interventions are comprised of (1) strengthening infection control inte-
grated with vector control measures; and (2) improving control capabilities
to reduce the risk of transmission. In stratum 2 (shown in green), these areas
are mainly distributed in Yunnan, Hainan, Guizhou, Shaanxi, Hubei, Anhui
and other provinces. Due to weak capacities, the elimination interventions
are to (1) strengthen training to improve local abilities; and (2) appropriately
control infection sources to consolidate malaria control efforts. In stratum
3 (shown in yellow), these areas are mainly scattered in Jiangsu, Zhejiang,



Table 2.2 Comparison of various strategies in the WHO and Chinese classifications

WHO
classification

Preelimination Elimination

Postelimination

Annual incidence Slide or rapid diagnostic test positivity <1 case per 1000 population at risk/year Zero locally acquired cases

WHO strategy

rate <5% in fever cases

Reinforcing the coverage of good- Identification and treatment of all
quality laboratory and clinical malaria reservoir and reduced
services, reporting and transmission by vectors with full
surveillance aimed at halting surveillance for clearing up malaria
transmission nationwide foci and reducing the number of

Perfecting the quality and targeting locally acquired cases to zero
of case management and vector Identifying and treating all malaria cases
control operations, and introduc- with efficacious antimalarial medicines
ing/maintaining activities aimed at against liver stage and blood stage
consistently reducing the onward parasites, including gametocytes
transmission from existing cases in ~ Reducing human—vector contact and
residual and new active foci the vectorial capacity of the local

Establishment of a strong surveillance Anopheles mosquito populations in
system, with the cooperation of all transmission foci by efficacious vector
healthcare providers control, personal protection and

environmental management methods

for 3 years

Maintain an effective

surveillance and response
system and strengthen
prevention and
management of imported
malaria to prevent
introduced cases and
indigenous cases second-
ary to introduced cases

Reduction of vulnerability

population

Screening of immigrants

for malaria and the use
of radical treatment in
places where importation
of malaria is intensive

Chinese
classification Stage E1 Stage E2 Stage E3 Stage E4 Stage E5
Annual >1/1000 1/1000-1/10,000 < 1/10,000 0 0 locally acquired
incidence cases for 3 years
Chinese Strengthening infection ~ Strengthen training to  Strengthen the Strengthen surveil-  Strengthen the
strategy control integrated with improve local abilities  surveillance- lance, both active  surveillance
vector control measures Appropriately control response system  and passive, for response system
Improving control infection source to  Find and treat early detection to prevent the
capabilities to reduce consolidate malaria imported cases of infection reintroduction of

the risk of transmission control efforts earlier sources

malaria cases
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Figure 2.6 Integrated diagram of the malaria elimination stages and phases, indicating
the four WHO phases of malaria elimination. Three more phases or stages were clas-
sified in our study based on the annual incidence rate: stage E1 is equivalent to the
preelimination phase in the WHO classification; stage E2 is equivalent to the WHO elimi-
nation phase in the early period; stage E3 is equivalent to the WHO elimination phase
in the middle period; stage E4 is equivalent to the WHO phase of zero local cases in the
later elimination stage; and stage E5 is equivalent to the WHO posttransmission.

Sichuan, Hunan, Hubei, Henan and other provinces. Few of high inci-
dences occur in these areas, mainly due to the higher numbers of imported
malaria cases. Here, the elimination interventions aim to (1) strengthen the
surveillance-response system; and (2) locate and treat imported cases earlier
(Cao et al., 2013;Yin et al., 2013b). In stratum 4 (in blue), these areas are
widely dispersed with sporadic distribution of malaria cases. The main
intervention is to strengthen surveillance, both active and passive surveil-
lance, to find the infectious sources earlier.

6. CONCLUSIONS AND RECOMMENDATIONS
6.1 Conclusions

The history of the NMCP in PR. China can be classified into two stages
(MOPH, 1990). The first stage is from 1950 to 1980. Malaria was highly
prevalent in this stage, fluctuating every 10 years with three peaks each
time (Kung and Huan 1976; Zhou, 1981). The second stage started after
1980. Despite slight rebounds, no incidence peaks were found in this stage
due to stable malaria control agencies at all levels, sustained control efforts,
increased capacities and sustained interventions that reduced transmission
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risks significantly (Tang et al., 1991; Zhou, 1991).The setup of the national
disease surveillance and reporting system allowed for individual cases to
be reported nationwide since 2004 (Liu et al., 1995a). The population
distribution of malaria cases nationwide from 2004 to 2011 showed an
increasing proportion in the 20- to 45-year-age group, which might be
attributed to the occupations of this population, including farming, busi-
ness and production, which are more susceptible to infections (Tang, 2000;
Zhou et al., 2010). Regarding occupational distribution, the proportion of
farmers is the greatest but with a declining trend, while the proportions of
mobile workers, businessmen and government staft have risen significantly.
Particular increases have been noted in mobile workers who migrated
back from African countries after working there for years (Jelinek and
Mubhlberger, 2005; Ming, 2008; Xia et al., 2012; Yin et al., 2013b; Zhang
et al., 2010).

The classification approach used in PR. China’s Action Plan for Malaria
Elimination (2010-2020) relies on the incidence at the county level during
the period of 2006—2008, without considering the capacity of local insti-
tutions or vector capacities (Yang et al., 2012).This approach has provided
useful information for designing the strategy used in the initiation of the
NMEP,butitdoesnotfullyreflectmalariatransmissionrisksinthebigpicture
(Q1,2011).To overcome this gap, our research took comprehensive con-
siderations of transmission risks and control capability (Maude et al.,
2011). The results of this classification are helpful for decision mak-
ers when assessing risks annually and for professionals involved in the
NMEP to find out the key factors that may reduce or increase malaria
transmission. In this way, appropriate responses can be easily tailored for
local settings and may take place in a shorter time (Liu et al., 2012; Zhou
et al., 2013).

6.2 Recommendations

Recommendation 1: Based on the marginal cost-benefit principle, more
resources should be allocated and invested in the malaria elimination efforts
towards the progress of NMEP (Sabot et al., 2010; Tanner and Hommel,
2010).The best strategy for a country is to maintain elimination efforts per-
taining to a certain level of human capacity and to consolidate the achieve-
ments of malaria elimination while maintaining a certain level of investment
(Alonso and Tanner, 2013).

Recommendation 2: Under the aforementioned circumstances, the follow-
ing five research priorities are recommended in order to fulfil the optimal
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goal of eliminating malaria nationwide by 2020 (Greenwood, 2008; Hall

and Fauci, 2009; Marsh, 2010; Zheng et al., 2013).

1. Improvement of technology to provide more precise predictions with
modelling and geographical information systems, in order to set up or
promote active surveillance and response systems to prevent the reestab-
lishment of malaria transmission (Bridges et al., 2012; Zhou et al., 2013).

2. Establishment of a resource bank to use as a repository for the Plasmo-
dium parasites and their vectors from the whole country, in order to
discover the more specific biomarkers to be used in tracing the different
species or strain of parasites, and development of more user-friendly,
sensitive and rapid diagnostics for malaria case detection (McMorrow
et al., 2011).

3. Development of a surveillance approach to monitor artemisinin drug
resistance in the migrant population and insecticide resistance, particularly
in the southern border areas, in order to contain the spread of artemisinin
resistance worldwide (Huang et al., 2012; Li et al., 2000; Liu, 2014).

4. Acceleration of screening and validating of alternative antimalarial
drugs, such as the new formulation of artemisinin-based combination
therapies, and screening for more candidates of active compounds or
molecules to develop new antimalarial drugs (Anthony et al., 2012;
Chen, 2014).

5. Development of a G6PD deficiency screening test for a point-of-care
diagnostic for primaquine therapy screening in the NMEP (Domingo
et al., 2013; Nie and Zhao, 1999).

Recommendation 3: The classification map of malaria transmission in PR.
China at the county level used in our study needs to be updated every
3 years. The gap between achievement of the NMEP and the true trajectory
of malaria transmission needs to be investigated every year. The updated
information will provide a clear and accurate picture for the decision mak-
ers who provide the resources and formulate the intervention strategies for
the NMEDP, in order to consolidate the achievements and finally achieve
the goal of eliminating malaria in PR. China by 2020 (Bridges et al., 2012;
Smith et al., 2013; White et al., 2009).

Recommendation 4: The quality of NMEP activities must be monitored
and evaluated frequently in the periods from 2015 to 2020.The indices of
monitoring and evaluation are essential for properly maintaining the qual-
ity of the NMEP It is important to formulate standard indices for mon-
itoring before the evaluation. The standard protocol for surveillance and
response, either for malaria elimination or for preventing the reintroduction
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of malaria, are essential at the county level, both in the elimination stage and
in the postelimination stage (Cao et al., 2013; Shah, 2010).
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