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INTRODUCTION

The heterogeneity and complexity of malaria involves the 
political and natural environments, socioeconomic develop-
ment, transportation and cross-border movement, access to 
health care services, and vector biology, factors that cannot be 
changed in a short time [1-7]. This study aimed to assess the 
impact of 2 facets, economic growth and cross-border move-
ment, in moving toward malaria elimination in the remaining 
highly endemic areas along the China–Myanmar border, in 

the border areas of Yunnan Province during its pre-elimination 
phase.

Several studies have noted that it is important to fully un-
derstand the complex pathways between poverty and malaria 
so as to develop effective strategies for sustainable malaria 
control [8-11]. One study on malaria and poverty suggested a 
potential bidirectional relationship: poverty as a cause of ma-
laria and malaria as a cause of poverty. Poverty sustains the 
conditions in which malaria thrives, and malaria impedes eco-
nomic growth and keeps communities in poverty [9]. Another 
study reviewing the published and grey literature on malaria 
and poverty reported that the quality of the literature examin-
ing this issue is highly variable, with many different measures 
of socioeconomic status [11]. In assessing the economic bur-
den of malaria, 2 different approaches have typically been fol-
lowed. i.e., the perspectives of microeconomics and macroeco-
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nomics. Microeconomics studies assess the direct costs of ma-
laria prevention and treatment at individual, household, and 
health service levels, with or without the estimated indirect 
cost of lost work time. Macroeconomics studies assess the 
long-term economic growth and development of malaria at 
larger scale (e.g., provincial, country level) [9].

Studies at country level examining the gross domestic prod-
uct (GDP) of poor countries have revealed that malaria im-
pedes economic growth in these countries. The loss of GDP 
owing to malaria in Uganda during 2003 was equivalent to 
USD 11 million (about USD 0.43 per capita) whereas almost 
1.1% of GDP (about USD 2.2 per capita) is devoted to dealing 
with malaria in Tanzania [9]. In China, Yunnan Province lags 
behind other provinces in social and economic development. 
Its GDP per capita ranks 29th of 31 provinces [12]. One study 
in Yunnan noted that poverty and malaria appear to have a 
clear inverse relationship, with residents living along the bor-
der experiencing greater degrees of poverty and malaria infec-
tion than those in other regions of this province [10].

The challenge of countries nearing malaria elimination is of-
ten owing to international borders with countries that have not 
yet achieved substantial reductions in malaria transmission 
[12]. Cross-border movement of infected individuals from en-
demic areas to neighboring countries has been recognized as a 
contributor to the spread of malaria in Asia and Africa [1,13-
15]. Cross-border malaria transmission and reintroduction is 
the main challenge for China as it shares 4,060 km of porous 
international borders with Greater Mekong Subregion (GMS) 
countries. The China–Myanmar border is particularly challeng-
ing owing to ongoing conflict on the Myanmar side of the bor-
der, resulting in uninterrupted disease transmission [16-22]. 
Yunnan faces a problem similar to most GMS countries in that 
border malaria is a major source of disease transmission, and 
malaria parasites are introduced via porous borders by highly 
mobile human populations [13,23-25]. In 2011-2013, import-
ed malaria infections accounted for more than 70% of all cases 
of malaria in Yunnan [26-29]. Another threat of malaria intro-
duction is owing to internally displaced persons (IDPs) from 
neighboring Myanmar, where the malaria situation is far worse 
than that in Yunnan [30,31]. The Technical Scheme of China 
Malaria Elimination defined malaria cases as “indigenous case” 
or “imported case”. An imported case is a patient who diag-
nosed with malaria with a history of travelling to overseas ma-
laria-endemic areas during the malaria-transmission season, 
and the onset of malaria symptoms was less than 1 month af-

ter returning. An indigenous case is a patient whose malaria in-
fection was acquired from local transmission by Anopheles 
mosquitoes within China, including malaria cases with no 
clear evidence of being imported from outside the country.

As malaria is considered to be related to poverty and eco-
nomic inequality, and poverty is often an underlying factor for 
migration, the specific objectives of the present study were to 
examine the spatial and temporal trends of indigenous and 
imported cases of malaria in relation to economic growth (per 
capita GDP) in the 18 border counties of Yunnan Province 
during the malaria pre-elimination phase and rapid economic 
development in China during 2011-2016. In addition, the spa-
tiotemporal patterns of malaria at hotspots in adjacent areas 
between Yingjiang County of China and the Kachin Special 
Region II (KSR II) of Myanmar was analysed to examine 
changes in the persistently high incidence of border malaria 
during the same period.

MATERIALS AND METHODS

Study area
Yunnan shares a long border with 3 malaria-endemic coun-

tries: Myanmar, Laos, and Vietnam. The study area in the pres-
ent investigation refers to 18 border counties within Yunnan 
Province in China and one special region in Myanmar. The 
border area on the Myanmar side includes internally displaced 
populations fleeing war. The 18 counties along the China–
Myanmar border in Yunnan share a 2,185-km land border. 
This area had an annual average total population of 4.8 mil-
lion during the years 2011-2016. The elevation varies greatly, 
from 210 m to 4,878 m. Cross-border trade, logging, quarry-
ing, mining, and plantation work are frequent labor activities 
performed at the border regions, and it is difficult to manage 
these mobile populations of workers [10,32].

Specifically, the study explored adjacent areas in the 2 coun-
tries, Yingjiang County of China and the KSR II of Myanmar 
(Fig. 1). Yingjiang County is located in the western part of 
Yunnan Province and shares a 214.6-km border with Kachin 
State in western Myanmar. The county’s land area is 4,429 km2 
and features mountains and alluvial plains, with elevations 
ranging from 210 m to 3,404.6 m. The climate is subtropical. 
Yingjiang County has 15 townships, 103 village committees, 
1,148 natural villages, and a total population of 310,000. Nine 
townships border Myanmar. KSR II has a land area of about 
287 km2 with a total population of around 60,000; most local 
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residents belong to the Kachin ethnic minority (known as 
Jinghpaw in China) [18,33,34]. Basic health care and malaria 
control activities have been established by the Kachin Inde-
pendent Organization, which receives support from several in-
ternational non-governmental organizations [12]. Since 2008, 
malaria prevention and control measures have been imple-
mented in the KSR II including adequate treatment, bed-net 
distribution, and health education [34-36].

Data source
Malaria data were collected from 613 villages in the 18 bor-

der counties of Yunnan Province from 2011 to 2016; all villag-
es reported cases of malaria during the study period. Data were 
obtained from China's National Notifiable Infectious Disease 
Reporting Information System, including individual case in-
formation and population data at county level. Population 

data at village level were obtained from local governments on 
the China side. The data of per capita GDP in the 18 counties 
between 2011 and 2016 were obtained from the Yunnan Sta-
tistical Yearbook released by the Yunnan Bureau of Statistics.

Data from the Myanmar side were obtained from the ma-
laria cooperative project between the Yunnan Institute of Para-
sitic Diseases (YIPD) and Health Poverty Action (HPA). Malar-
ia data from Myanmar in this study were extracted from the 
malaria information system administrated by HPA and fo-
cused on only a partial area of the KSR II that borders all of 
Yingjiang County, with 7 villages and 11 IDP camps in the KSR 
II during 2014 to 2016.

Data analysis
Data on annual malaria cases from 2011 to 2016 were ob-

tained exclusively at village level on the China side. Data were 
cross-validated by researchers and staff working in the local vil-
lages. The GDP data of 18 counties during the same study peri-
od were extracted from the official statistics released for Yun-
nan Province. The spatial and temporal distribution of malaria 
cases and GDP data at county and village levels were mapped 
using ArcGIS version 9 (Esri, Redlands, California, USA).

RESULTS

Spatial and temporal trends of malaria cases and GDP, 
2011-2016

From 2011 to 2016, a total 2,117 cases of malaria were de-
tected, treated, and reported in the 18 border counties. The 
number of confirmed indigenous and Myanmar-imported 
malaria cases in the 18 counties decreased from 2011 to 2016, 
as follows: 577, 366, 272, 262, 314, and 184, respectively. On 

Fig. 2. Temporal trends of per capita GDP and malaria cases in 
18 counties along the Yunnan border, 2011-2016.
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the contrary, average per capita GDP increased in the 18 coun-
ties over these 6 years, as follows: USD 1,868, 2,224, 2,583, 
2,963, 3,206, and 3,533, respectively. Fig. 2 shows the oppo-
site trends of malaria cases and GDP during the study period. 

Overall, the number of malaria cases varied, with a general 
annual reduction at the county level. In 2016, 5 counties had 
no reports of malaria. High proportions of malaria (89.4%, 
1,892/2,117) were generally concentrated in Tengchong, 
Yingjiang, Ruili, Longling, Gengma, Mangshi, and Longchuan 
counties, bordering the KSR I, KSR II, and Shan Kokang SR in 
Myanmar. Spatial and temporal trends of malaria cases and GDP 
by county are shown in Fig. 3. Whereas GPD showed increasing 
trends in all 18 counties over the 6 years, malaria cases appeared 
to decrease but were persistent in the aforementioned counties. 
Those counties with a high number of malaria cases during the 

study period had neither very high nor very low GDP. 

Spatial and temporal trends of malaria cases and source 
of infection, 2011-2016

Of the 2,117 reported cases of malaria, a total 314 (14.8%) 
were indigenous cases, with a drastic decreasing trend over the 
6 years of the study period, from 145 cases in 2,011 to 1 case 
in 2016 (Table 1). A total 1,803 (85.2%) cases were imported, 
of which 1,661 (78.5%) were among Chinese citizens return-
ing from Myanmar. The numbers of imported cases from 
Myanmar also declined but remained high, dropping from 
432 in 2011 to 183 in 2016. From 2011 to 2016, the geographic 
distribution of indigenous malaria cases, which was aggregat-
ed in the central part of the border area, diminished continu-
ously (Fig. 4). At county level, the annual number of indige-

Fig. 3. Spatiotemporal malaria cases and per capita GDP of 18 counties along the Yunnan border, 2011-2016.

Pe
r c

ap
ita

 G
O

P 
(U

S$
)

Can
gy

ua
n

Gen
gm

a

Gon
gs

ha
n

Jin
gh

ou
ng

La
nc

an
g

Lo
ng

ch
ua

n

Lo
ng

lin
g
Lu

sh
ui

Man
gs

hi

Men
gh

ai

Men
gla

Men
gli

an

Te
ng

ch
on

g

Xim
en

g

Yin
gji

an
g

Zh
en

ka
ng

Ruil
i

Fu
go

ng

Can
gy

ua
n

Gen
gm

a

Gon
gs

ha
n

Jin
gh

ou
ng

La
nc

an
g

Lo
ng

ch
ua

n

Lo
ng

lin
g
Lu

sh
ui

Man
gs

hi

Men
gh

ai

Men
gla

Men
gli

an

Te
ng

ch
on

g

Xim
en

g

Yin
gji

an
g

Zh
en

ka
ng

Ruil
i

Fu
go

ng

N
o. of m

alaria cases

250

200

150

100

50

0

7,000
6,000
5,000
4,000
3,000
2,000
1,000

0

Y2011 GDP Indingenous case 2011 Imported case 2011

2011

Y2012 GDP Indingenous case 2012 Imported case 2012

Pe
r c

ap
ita

 G
O

P 
(U

S$
) N

o. of m
alaria cases

250

200

150

100

50

0

7,000
6,000
5,000
4,000
3,000
2,000
1,000

0

2012

2013

Pe
r c

ap
ita

 G
O

P 
(U

S$
) N

o. of m
alaria cases

250

200

150

100

50

0

7,000
6,000
5,000
4,000
3,000
2,000
1,000

0

Y2013 GDP Indingenous case 2013 Imported case 2013

2014

Pe
r c

ap
ita

 G
O

P 
(U

S$
) N

o. of m
alaria cases

250

200

150

100

50

0

7,000
6,000
5,000
4,000
3,000
2,000
1,000

0

Y2014 GDP Indingenous case 2014 Imported case 2014

2016

Pe
r c

ap
ita

 G
O

P 
(U

S$
) N

o. of m
alaria cases

250

200

150

100

50

0

7,000
6,000
5,000
4,000
3,000
2,000
1,000

0

Y2016 GDP Indingenous case 2016 Imported case 2016

2015

Pe
r c

ap
ita

 G
O

P 
(U

S$
) N

o. of m
alaria cases

250

200

150

100

50

0

7,000
6,000
5,000
4,000
3,000
2,000
1,000

0

Y2015 GDP Indingenous case 2015 Imported case 2015

Can
gy

ua
n

Gen
gm

a

Gon
gs

ha
n

Jin
gh

ou
ng

La
nc

an
g

Lo
ng

ch
ua

n

Lo
ng

lin
g
Lu

sh
ui

Man
gs

hi

Men
gh

ai

Men
gla

Men
gli

an

Te
ng

ch
on

g

Xim
en

g

Yin
gji

an
g

Zh
en

ka
ng

Ruil
i

Fu
go

ng

Can
gy

ua
n

Gen
gm

a

Gon
gs

ha
n

Jin
gh

ou
ng

La
nc

an
g

Lo
ng

ch
ua

n

Lo
ng

lin
g
Lu

sh
ui

Man
gs

hi

Men
gh

ai

Men
gla

Men
gli

an

Te
ng

ch
on

g

Xim
en

g

Yin
gji

an
g

Zh
en

ka
ng

Ruil
i

Fu
go

ng

Can
gy

ua
n

Gen
gm

a

Gon
gs

ha
n

Jin
gh

ou
ng

La
nc

an
g

Lo
ng

ch
ua

n

Lo
ng

lin
g
Lu

sh
ui

Man
gs

hi

Men
gh

ai

Men
gla

Men
gli

an

Te
ng

ch
on

g

Xim
en

g

Yin
gji

an
g

Zh
en

ka
ng

Ruil
i

Fu
go

ng

Can
gy

ua
n

Gen
gm

a

Gon
gs

ha
n

Jin
gh

ou
ng

La
nc

an
g

Lo
ng

ch
ua

n

Lo
ng

lin
g
Lu

sh
ui

Man
gs

hi

Men
gh

ai

Men
gla

Men
gli

an

Te
ng

ch
on

g

Xim
en

g

Yin
gji

an
g

Zh
en

ka
ng

Ruil
i

Fu
go

ng



 Zhao et al.: Spatiotemporal trends of malaria along China–Myanmar border  271

Table 1. Proportion of malaria cases by infection source in 18 counties, Yunnan bordering with Myanmar, 2011-2016

Year Total Indigenous

Imported  (%) from

Myanmar Africa Laos Cambodia Thailand
Other place 

in China

2011 642 145 (22.6) 432 (67.3) 1 (0.2) 4 (0.6) 1 (0.2) - 59 (9.2)
2012 395 92 (23.3) 274 (69.4) 1 (0.3) 14 (3.5) - - 14 (3.5)
2013 294 40 (13.6) 232 (78.9) - 17 (5.8) - - 5 (1.7)

2014 269 27 (10.0) 235 (87.4) - 4 (1.5) - 2 (0.7) 1 (0.4)
2015 321 9 (2.8) 305 (95.0) - 4 (1.3) - 2 (0.6) 1 (0.3)
2016 196 1 (0.5) 183 (93.4) 4 (2.0) 8 (4.1) - -
Total      2,117 314 (14.8) 1,661 (78.5) 6 (0.3) 51 (2.4) 1 (0.1) 4 (0.2) 80 (3.8)

Fig. 4. Spatiotemporal distribution of per capita GDP and indigenous malaria cases in 18 counites along the Yunnan border, 2011-2016.

2014 2015 2016

2011 2012 2013
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nous cases was 145 (14 counties), 92 (14 counties), 40 (9 
counties), 27 (8 counties), 9 (5 counties), and 1 (1 county) 
during the reporting period. Only 1 case was reported in 
Yingjiang County in 2016. Similar to indigenous cases, im-
ported malaria cases were aggregated in the central part of the 
border area (Figs. 4, 5). The background color of the maps in 
Figs. 4, 5 represents per capita GDP; again, both indigenous 
and imported cases were clustered in counties in the central 
part of the study area, which had neither very high nor very 
low per capita GDP.

Spatial and temporal analysis of malaria cases along 
adjacent areas of Yingjiang County and part of the KSR II

To demonstrate the problematic cross-border situation, the 
area adjacent to the border between Yingjiang Country and 
the KSR II, where high numbers of malaria cases were reported 
over the 6-year study period. The yearly incidence by village 
and IDP camp (Table 2) and mapped incidence rates and ker-
nel density of malaria cases in these villages and IDP camps 
(Fig. 6) illustrated that very high prevalence of malaria was 
concentrated at the cross-border area of the KSR II. Malaria in-

Fig. 5. Spatiotemporal distribution of per capita GDP and malaria cases imported from Myanmar in 18 counties along the Yunnan border, 
2011-2016.

2011 2012

2015

2013

20162014
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cidence rates in the Myanmar villages/IDP camps were signifi-
cantly higher than those in neighboring villages on the China 
side. As shown by the kernel density of malaria cases during 
2014-2016, hotspots were located at porous border-crossing 
points on both the China and Myanmar sides. 

DISCUSSION

The heterogeneity and complexity of malaria epidemiology 
presents a challenge to the interruption of local malaria trans-
mission. This study had assessed the spatiotemporal trends of 
malaria cases in relation to economic growth and cross-border 
movement over 6 years during the pre-elimination phase 
along the Yunnan border.

China has been successfully reducing gaps in socioeconomic 
development between urban and rural areas, especially remote 
mountainous regions, and between eastern and western re-
gions of Yunnan [1]. A previous study suggested that malaria 
incidence in Yunnan during 2011-2016 had been significantly 
reduced, but transmission persists along the border and in 
poorer areas [37]. It was noted in another study that poverty 
may be a driver of malaria transmission in Yunnan, based on 
maps showing a spatial convergence of poverty and malaria 
incidence at county level [10]. The results of the present study 
confirmed the previous observation that the temporal distri-
bution of malaria cases and economic growth showed an in-
verse trend: as per capita GDP increases, malaria cases de-
creased over the years. In contrast to that finding, when exam-
ining spatial patterns of the average annual GDP per capita at 
county level in Yunnan during 2011-2016, the results suggest 
an uneven distribution of economic status across the 18 bor-
der counties. When overlaying the spatial trends of malaria 
cases on GDP by county, no obvious pattern is visible; coun-
ties with a high number of malaria cases had neither very high 
nor very low GDP indices. Thus, caution must be used in 
drawing conclusions about the inverse relationship between 
malaria transmission and indices of economic development.

Since the launch of the National Malaria Elimination Pro-
gram in 2010, through integrated strategies and activities, in-

Table 2. Malaria incidence (/1,000 person) in Yingjiang County and KSR II on either side the China–Myanmar border 2011-2016

Year

Yingjiang county, China Part of KSR II, Myanmar

Case 
(Village)

Population Mean (95% CI)
Case 

(village)
Population Mean (95% CI)

Case 
(IDP)

Population Mean (95% CI)

2011 92 (43) 104,510 1.55 (0.78-2.78) - - - - - -
2012 56 (37) 90,533 0.94 (0.64-1.38) - - - - - -
2013 48 (31) 74,110 1.09 (0.61-1.72) - - - - - -
2014 62 (30) 76,597 1.48 (0.56-2.80) 83 (6) 1,547 115.27 (44.59-197.09) 427 (7) 17,267 21.31 (8.62-34.75)
2015 91 (29) 75,653 2.92 (0.81-5.87) 70 (7) 1,352 156.41 (67.95-242.95) 407 (6) 19,457 17.03 (7.46-26.83)
2016 104 (27) 73,564 5.19 (0.66-11.67) 94 (11) 2,294 162.74 (61.25-278.18) 936 (5) 17,006 48.67 (11.40-95.03)

*No malaria data for the KSR II in 2011-2013 owing to data collection constraints.
KSR II, Kachin Special Region II; IDP, internally displaced person; CI, confidence interval.

2011 2012 2013

2014 2015 2016

Fig. 6. Malaria Incidence along the China–Myanmar border area: 
Yingjiang County and part of the Kachin Special Region II (KSR II). 
*No malaria data for the KSR II in 2011-2013 owing to data col-
lection constraints.
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digenous cases of malaria have declined dramatically in Yun-
nan, particularly in the border area, with only 1 case reported 
in 2016 [36,38]. According to the national surveillance system, 
there have been no indigenous malaria cases reported in Yun-
nan since 2017, after the study period. The province thus de-
clared the first zero report since the fight against malaria in 
China began [39]. About 85% of malaria cases in the study 
area were imported, similar to the proportion of imported cas-
es reported in China during the past decade, at about 89% 
[30]. When mapping either indigenous or imported malaria 
cases together with GDP at county level, there again appeared 
to be no direct relationship between the 2 variables. More cas-
es of malaria tended to be clustered in the middle part of the 
18 counties, with GDP somewhat in the midrange between 
high and low GDP levels.

It is important to note that it may be difficult to determine 
whether an infected cases is indigenous or imported, since the 
incubation period varies depending on the strain of Plasmodi-
um vivax. Individual immune status, prevention of medication, 
mixed infection, etc., can also affect the incubation period. 
Due to the climatic conditions and the history of local malaria 
epidemics in Yunnan, it is sometimes very difficult to deter-
mine the place of infection when a vivax malarian case occurs 
over 1 month after return from a malaria-endemic area out-
side the country. However, a previous study of malaria status 
from 2005 to 2012 showed meteorological factors--tempera-
ture, humidity, rainfall, and sunshine--did not show significant 
differences with malaria incidence per year, which also ex-
plained the conclusion that most malaria cases were imported 
[40]. I routine work in Yunnan Province, for cases of vivax ma-
laria that occurred over 1 month after return, comprehensive 
investigation, analysis and judgment will be made in combi-
nation with histories of movement in/through malaria-en-
demic areas, preventive medication, malaria infection, malaria 
epidemic(s) in the patient's place of residence, and an investi-
gation of Anopheles mosquitoes. Thus, vivax malaria cases 
that occur over 1 month after return, and with insufficient evi-
dence to prove they are imported, will be treated as local infec-
tions. According to the WHO, in China, cases of vivax malaria 
will be followed for 3 years. The criteria are as follows: no in-
digenous case at any administration level for a consecutive pe-
riod of 3 years if the county, municipality, or even the whole 
country, aim to achieve malaria elimination.

Economic growth may have an indirect effect on the distri-
bution of malaria cases, as poverty and cross-border move-

ment could be interrelated. With the development of China in 
recent years, increased economic prosperity and job opportu-
nities may attract local people to work inside the country rath-
er than abroad, thereby avoiding malaria infection while im-
proving their income. On the other hand, those unable to find 
work locally may be compelled to become migrant workers 
seeking work such as logging, mining, planting, and road con-
struction, by which could increase their income, but by work-
ing in high-risk areas of Myanmar, for example, where they 
work unprotected from malaria infection and are unable to 
access healthcare services. However, in the present study, most 
imported cases did not occur among laborers in very high 
GDP counties; most cases tended to occur in counties in the 
middle part of study areas during the 6-year study period. Im-
ported cases of malaria are attributed to mass movement of 
mobile populations across international borders [29,41-43]. A 
study in Tengchong, a county in Yunnan with a high number 
of malaria cases, reported that migrant workers returning from 
Myanmar were the main contributor of imported malaria [44].

According to other surveys on imported malaria in the re-
gion, the distinctive characteristics of imported cases include 
adults, male sex, mainly engaged in agriculture, and labor-re-
lated travel history to other countries [9,10,31,45]. An analysis 
of the malaria epidemic situation in Tengchong, between 
2010-2015, found that imported cases were mainly migrant 
workers who had returned from Myanmar. Malaria cases were 
reported in all towns and were clearly clustered with large 
numbers of migrant workers. The numbers of cases in April-
June were higher than other periods, and the peak was incon-
sistent with the malaria-transmission season in Tengchong; in-
stead, it was related to the return and number of migrants [46]. 
Tengchong County is adjacent to the Special Region of Kachin 
State in Myanmar, where degrees of malaria epidemic vary. 
Without natural barriers in most areas, there are many chan-
nels for entry and exit, and bilateral population flows are fre-
quent. Such a setting makes this region a major source of ma-
laria infection among migrant workers. The cross-border 
movement of imported cases into the central part of the 18 
counties of Yunnan with high-to-midrange economic growth, 
rather than areas with the highest economic growth, might be 
based on workforce flows and the convenient adjoining bor-
der in that part of the province.

Political conflict is another underlying factor in cross-border 
movement and malaria cases. Specific spatial and temporal 
patterns of the malaria distribution in this study were illustrat-
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ed at the village/IDP camp level in Yingjiang County in Yun-
nan and in part of the KSR II in Myanmar along the border. 
Owing to the internal military conflicts on the Myanmar side 
of this region, residents have been evacuated from the inner 
part of the KSR II to villages and IDP camps situated very close 
to the border [33,47]. A previous study showed that the num-
ber of malaria cases and incidence rates in the villages and IDP 
camps on the Myanmar side were at least 8-fold higher than 
those in villages of neighboring Yingjiang County in China 
[17]. In this study, the average annual malaria incidence rates 
in local villages on the Myanmar side during 2014-2016 de-
creased to about 5-fold higher than those in IDP camps. The 
ongoing conflict not only undermines the public health infra-
structure in Myanmar but also leads refugees from endemic 
areas with higher malaria rates to relocate to border areas 
[17,48]. The inevitable introduction of a large number of peo-
ple with malaria infection, coupled with poor living condi-
tions and a lack of malaria prevention efforts, undoubtedly in-
creases the burden of malaria along these bilateral areas 
[12,18,31,49]. This finding also reflects a common challenge 
in that these 2 countries share a border and also share com-
mon malaria ecologies but are different in stages of the con-
trol-to-elimination pathway [50-52].

It is important to measure and quantify the relationship be-
tween poverty, cross-border movement, and the malaria bur-
den at individual, community, county, country, and regional 
levels. Poverty or economic prosperity can be defined in many 
ways. Studies at individual or community level often define 
poverty indicators using a combination of household assets 
(housing type and ownership, education and sex of the head 
of household, and crowding in the household) or evidence-
based indicators of socioeconomic status (occupation, trans-
portation tools, income, expenditure or asset ownership, and 
rural location) [8,11,49]. For example, a study in Ghana found 
that social and economic factors are directly related to malaria 
morbidity, such that income levels for heads of household be-
low the poverty line of USD 1 per day are a significant deter-
minant of malaria morbidity [53]. A community-based study 
in Uganda reported that housing improvements and agricul-
tural development to reduce poverty could be effective inter-
ventions against malaria [8]. At country level, a study in Saudi 
Arabia reported that increasing GDP had an impact on quality 
of life through urbanization, provision of higher education, 
and improved health care systems in the country; however, 
whereas low malaria incidence occurred during the period of 

rapid economic development, it was also coupled with aggres-
sive local elimination strategies and cross-border collaboration 
[50]. This may be similar to the setting in Yunnan. As GDP in-
creased in all counties together with more intensive efforts in 
reaching malaria elimination targets, the number of indige-
nous cases reached zero and imported cases were reduced. It is 
therefore difficult to quantify the impact of any single contrib-
uting factor among multi-faceted interventions. In moving to-
ward elimination, consideration should not only be given to 
macroeconomic contributors but also to microeconomic de-
velopment, as the distribution at larger scale may not be thor-
oughly covered at individual level, especially among the poor 
and the labor workforce at risk of malaria infection.

This study has a number of limitations. First, this study used 
data from government databases, which may be incomplete, 
and the variables were limited to what had been mandated for 
data collection. However, the research team compared data in 
the national databases against those from data sources at the 
local level, to ensure data quality. Second, the analysis was 
based on secondary data and some were aggregate data; thus, 
caution is needed in interpreting the results owing to the pos-
sibility of ecological fallacy. An inverse relationship might be 
observed at macro level but not at individual level. Third, the 
conceptual framework of the study was based on observation 
and an ecological study design; thus, it was unable to identify 
causal pathways linking economic development and cross-
border movement with malaria cases in the study area. Fourth, 
GDP might be an imperfect index to represent poverty reduc-
tion over the years. Despite the aforementioned limitations, 
the spatiotemporal trend analyses in this study reflected 
changes in the patterns of indigenous and imported malaria 
cases in relation to changes in economic development in areas 
with persistence of endemic malaria along the Yunnan border.   
The findings will be useful in planning a framework for elimi-
nation.

In this study, over 90% of imported malaria cases were from 
Myanmar. Since there are no natural barriers along the China-
Myanmar border, both people and mosquitoes easily cross the 
border. In many border communities, some households are 
Chinese and others Burmese, and they share the same mos-
quito breeding sites and mosquito species. For the reasons 
outlined above, it may be conjectured that the major malaria-
infecting species in the area are very similar (i.e., P. vivax and P. 
falciparum) and the proportion of people living on both sides 
of the border are infected similarly with both species of para-
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sites. This hypothesis regarding the high similarity of malaria-
infecting species along these border areas requires further in-
vestigation and validation.

It has been anticipated that Yunnan, particularly the border 
counties of the province, would be the final location in China 
of malaria elimination. However, the results of the present 
study showed that malaria has substantially decreasing during 
the pre-elimination phase (2011-2016). A remaining threat is 
imported cases in a number of counties adjacent to porous 
borders. The spatial and temporal trends shown in this study 
suggested that economic development may have an indirect 
effect on the reduction of malaria when observed from a mac-
ro-level perspective; however, malaria still persists owing to 
complex, multi-faceted factors including poverty at individual 
level and cross-border movement of the workforce. In moving 
toward malaria elimination, despite economic growth, coop-
erative efforts with neighboring countries are critical to not 
only interrupt local transmission but also to prevent reintro-
duction of malaria via imported cases. Cross-border workers 
should be educated in preventive measures through effective 
behavior change communication, and investment is needed in 
active surveillance systems and novel diagnostic and treatment 
services during the elimination phase. 
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