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Abstract. The intercountry border areas of Thailand have high malaria receptivity and vulnerability
that present numerous problems in the control of malaria transmission. This study focused on the 30
provinces of Thailand situated next to neighboring countries, which can be divided into 4 groups: the
Thai-Myanmar border (10 provinces), the Thai-Cambodia border (6 provinces), the Thai-Lao border
(20 provinces) and the Thai-Malaysia border (4 provinces). The purpose of the present study was to
describe the pattern and trend of malaria incidence in the highly endemic provinces along the Thai
borders for the 11 years from 1991 to 2001. Analysis of trends showed the distribution of malaria
parasitesto have shifted from a preponderance of Plasmodiumfal ciparumto Plasmodiumvivax along
the western border with Myanmar, the northern border with Lao PDR and along the eastern border
with Cambodiawhereas the southern border with Malaysiathe pattern changed from a preponderance
of P. vivax to P. falciparum, since 1997. There was a significant difference in annual parasite inci-
dence between borders and non-border districts, especially aong the Thai-Myanmar and Thai-Cam-
bodiaborders. Itisthusevident that all border districts should pay more attention to control of malaria
transmission and the activities of the malaria surveillance system, and that monitoring and evaluation
of the Thai Malaria Control Program needs to be performed consistently, including some areas where
afew malaria cases were found as well asin malariafree areas.

INTRODUCTION October to November. This pattern has a direct
relationship to the rainy season and the preva-

lence of the major vectors.

Theborder areas of Thailand are mostly for-
est-fringe foothills, especially along the western
border with Myanmar, there is high malaria re-
ceptivity and vulnerability that presents numer-
ous problems in the control of malaria transmis-
sion. Malaria among foreign laborers is a major
obstacleto the control program although the num-
ber of reported cases declined significantly in
2000. The disease is localized in three main ar-
eas, ie the Thai-Myanmar border, the Thai-Cam-
bodian border and the central part of the southern
peninsula. In 2000 the proportion of P. fal ciparum
dropped from 90% in 1994 to approximately 50%
of total parasites microscopically detected. This
was partly cases reported based on microscopic
confirmation due to a P. vivax outbresk in the

In Southeast Asiamal aria has been adisease
of major public health importancefor alongtime,
especially in Myanmar, Indonesia, Malaysia, Phil-
ippines, Thailand, Cambodia, Lao PDR and Viet-
nam. During the years 1970-1979 the incidences
of malaria rose considerably in many countries
in the region, due to technical, administrative,
social and economic factorsin the individual na-
tional malaria control program (Harinasuta,
1987). A previous epidemiological information
indicates that the malaria situation in the coun-
tries of Southeast Asia vary considerably from
country to country (Kidson et al, 1999).

The perennial malariatransmission in Thai-
land occurswith 2 peaksin Juneto August and in
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eastern provincesin 1986-1987. It is noteworthy
that thisisthefirst timein 5 decadesthat the coun-
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try reported reverseratios of P. falciparumand P.
vivax (Malaria Division, 2000).

Since 1997, more than 60% of total casesin
the country were detected from border provinces
and onethird of these were detected from the Tak
Province on the Thai-Myanmar border. Approxi-
mately 17% of the total cases were found in the
Thai-Cambodia border region and most of these
caseswere found in the Trat Province. The cases
reported from the Thai-Lao and Thai-Malaysia
borders accounted for 4.6% and 4.5% of thetotal
cases, respectively (Malaria Division, 1997).

The total number of cases nationwide has
been decreasing every year while the number of
cases detected from border provinces has been
increasing gradually. This indicates that the dis-
ease has become more localized along the inter-
national borders. During 1997-2000, the total

Thai-Myanmar
(10 provinces)

01 Chiang Rai

02 Mae Hong Son
03 Chiang Mai

04 Nan

08 Uttaradit

09 Loei

10 Nong Khai

11 Tak

13 Phitsanulok

16 Nakhon Phanom
35 Buri Ram

36 Surin

37 Si Sa Ket

38 Ubon Ratchathani
39 Kanchanaburi
45 Ratchaburi

52 Phetchaburi

55 Chanthaburi

56 Trat

57 Prachuap Khiri Khan
58 Chumphon

59 Ranong

67 Satun L
68 Songkhla L
70 Yala W
71 Narathiwat !
73 Phayao

74 Mukdahan

76 Amnat Charoen

77 Sa Kaeo

number of Thai cases reported increased from
80,000 to some 120,000 due to epidemics of P.
fal ciparumin some provincesin the south and an
increase of P. vivax along the Thai-Cambodian
border. The annual parasite incidence (API) was
1.6 per 1,000 population in 2000. Foreigner cases
increased from 50,000 to 67,000. Myanmar na-
tionals accounted for 90% of foreigner cases,
mostly P. falciparum (more than 80%). The pur-
pose of the present study was to describe the pat-
tern and trend of malaria incidence in endemic
provinces along the Thai borders for the past 11
years from 1991 to 2001.

MATERIALSAND METHODS

Study site
This study focused on the 30 border prov-

Thai-Lao
(10 provinces)

Thai-Cambodia
(6 provinces)

N
250 500 A
kilometers
Thai-Malaysia

(4 provinces)

Fig 1-Map showing 30 border provinces along the Thai border.
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inces of Thailand situated next to the neighbor-
ing countries; Myanmar, Lao PDR, Cambodiaand
Malaysia (Fig 1). These provinces have been di-
vided into 4 groups according to their geographi-
cal locations:

1. Thai-Myanmar border group consists of
10 provinces (Chiang Rai, Mae Hong Son, Chiang
Mai, Tak, Kanchanaburi, Ratchaburi, Phetchaburi,
Prachuap Khiri Khan, Chumphon and Ranong).

2. Thai-Cambodia border group consists of
6 provinces (Buri Ram, Surin, Si SaKet, SaKaeo,
Chanthaburi and Trat).

3. Thai-Lao border group consists of 10
provinces (Nan, Uttaradit, Loei, Nong Khali,
Phitsanul ok, Nakhon Phanom, Ubon Ratchathani,
Phayao, Mukdahan and Amnat Charoen).

4, Thai-Malaysia border group consists of 4
provinces (Satun, Songkhla, Yalaand Narathiwat).

Data collection

The secondary data were collected monthly
at district level during 1991-2001 and collated at
the national level by the Bureau of Vector Borne
Disease, Department of Disease Control, Minis-
try of Public Health, Thailand. Each group of
provincesinthe Thai border areawasdivided into
2 sub-groups: border districtsand non-border dis-
tricts. Border district of the 30 border provinces
meansthe district is situated next to the Thai bor-
der and non-border district means the district is
not located at the Thai border. The data collected
were the number of malaria cases, annual para-
site incidences per 1,000 population (API), an-
nual blood slide examination rates per 100 popu-
lation (ABER), slide positiverates per 100 popu-
lation (SPR) and proportions of malaria parasite
species: P. falciparum (P.f) and P. vivax (P.v).

Data analysis

Data analysis were performed using an un-
paired t-test to determine the difference of aver-
age monthly API, Pf (%) and Pv (%) between
border districts and non-border districts during
1991-2001. These data describe the difference of
monthly malariapatterns between border districts
and non-border districtsby each groupinthearea.

MAPINFO Professional version 6.0 was
used to create maps during 1991-2001. Each prov-
ince and district has a specific ID code, which
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serves as the link between attributable data and
corresponding spatial area. Thevariablesfor each
year weredisplayed simultaneously on onesingle
map, showing the trend of malaria incidence in
highly endemic provincesalong the Thai borders.

RESULTS

Comparison of malariaincidencein 4 groups
in the Thai-border region

The comparison of average API, P. falci-
parum (P. f%) and P. vivax (P. v%) along the Thai
border during 1991-2001 indicated that malaria
incidence in the 4 groups of provinces along the
Thai-border have shown adownward trend since
1993. API aong the Thai-Myanmar and Thai-
Cambodiaborderswas higher than that along the
Thai-Lao and Thai-Malaysia borders (Fig 2A-
2B). In some cases (eg Thai-Cambodiaand Thai-
Myanmar borders) API declined, in others (eg
Thai-Lao border) there was no apparent change.
During 1991-1998, the P. falciparum incidence
in the Thai-Myanmar border area appeared to be
higher than that of P. vivax and in the Thai-Cam-
bodia border area P. falciparum incidence was
higher than that of P. vivax from 1991 to 1995.
However in subsequent years, the malaria para-
site incidence in the Thai-Myanmar border area
changed inversely, with the incidence of P. vivax
being higher than P. fal ciparum since 1999 while
P. vivax was higher than P. falciparumin the Thai-
Cambodiaborder areasince 1996. The pattern of
P. falciparum incidence in this area has shown a
decreasing trend compared with that of P. vivax
(Fig 2E-2F). The proportion of P. falciparumand
P. vivax during the past 11 yearsreveaed that there
has been a change of parasiteratio, especially in
the Thai-Cambodiaand Thai-Myanmar border ar-
eas. The percentage of. P. vivax was higher than
P. falciparum since 1996 while the parasite ratio
changed inversely in the Thai-Malaysia border
area from P. vivax to P. falciparum since 1995
(Fig 21-2L).

Comparison of malaria cases between bor-
der and non-border districts

Comparison of average monthly API, P.
fal ciparum (P.f %) and P. vivax (P.v %) inthe Thai
border between border and non-border districts
during 1991-2001 are presented in Fig 3. The data
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revealed that API in border districts was higher
than non-border districts. Therewasasignificant
difference of APl between border and non-bor-
der districts (p<0.05), especialy in the Thai-
Myanmar and Thai-Cambodia border areas. The
datahas shown that there were two seasonal peaks
of malaria transmission. In the Thai-Myanmar
border area, the highest peak of transmission
started in June and the second peak started in
December whereas in the Thai-Cambodiaborder
area, the highest pesk started in December and
the other peak started in May. Therewas no clear
peak of transmission in the Thai-Lao border area
whileinthe Thai-Malaysiaborder area a peak of
transmission started in June (Fig 3A-3D).

Maps: distribution of malaria

Malaria occurs persistently in the 30 prov-
incesalong the Thai border areasinterfacing with
Myanmar, Cambodia, Lao PDR and Malaysia.
Themalariaincidence was highest in thewestern
border area with Myanmar and some provinces
inthe eastern border with Cambodia (Chanthaburi
and Trat) over the period of 1991 to 2001 (Fig 4).
Thesamewastrue at the district level, especially
in the Mae Hong Son and Tak provinces.

The patterns of malaria parasite species ex-
pressed as percentage of P. fal ciparumand P. vivax
are presented by color density as % P. falciparum
(blue dominance), they could also be interpreted
inversely (yellow-green dominance) as % P. vivax
(Singhasivanon et al, 1999). The pattern showed
little variability over the 5 year period 1991-1995
(Fig 5). But since 1997, the distribution of ma-
laria parasites has changed from dominant P.
falciparum to dominant P. vivax in the western
border with Myanmar, the northern border with
Lao PDR and in the eastern border with Cambo-
dia while in the southern borders with and Ma-
laysia, the pattern has changed from dominant P.
vivax to dominant P. falciparum. In some border
districtsin provinces along the Thai border % P.
falciparum is higher than % P. vivax, especially
inthe eastern border areawith Cambodiawhereas
thewestern border with Myanmar has ahigher %
P. vivax than %P. falciparum.

DISCUSSION
The average monthly malaria incidence
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along the Thai-Myanmar and Thai-Cambodia
bordersduring 1991-2001 shownin Fig 3reveaed
that there was a seasonal pattern with two peaks,
from May to July before the rainy season and
October to December after the rainy season, this
pattern was especially evident in the Thai-
Myanmar and Thai-Cambodia border areas.

Theincidence pattern of P. fal ciparumcom-
pared with P. vivax (Fig 5) has increased in all
provinces and districts along the Thai-Myanmar
and Thai-Cambodiaborder since 1997. Thisfind-
ing suggests that population movement in both
directions across the international borders pro-
vides aregular importation of malariainfections
that present a high potential to spread malaria
within the border areas and extend the transmis-
sion area. Population movement has been sug-
gested as amagjor factor in malaria transmission
along the border (Stern, 1998).

The southern border provinces have shown
a change in parasite ratio from P. vivax to P.
falciparum, whereas on the western border with
Myanmar, the northern border with Lao PDR and
the eastern border with Cambodia, the trend was
from P. falciparumto P. vivax. It has been reported
that there was an increasing total number of ma-
laria cases during 1997 to 1998 (Malaria Divi-
sion, 2000). Malaria epidemicswere observed in
the Sa Kaeo Province along the Thai-Cambodia
border. There were 613 malaria cases reported in
1995, some 900 in 1996, 4,800 cases in 1997,
and 4,189 in 1998. It is to be noted that P.
falciparum accounted for 16% of these cases
whereas it had been over 60% prior to the out-
break, when P. vivax became the dominant spe-
cies. The changing of parasite ratio was consid-
ered possibly to be due to the impact of the
artemisinin derivativesthat werelaunched in 1995
for treatment of P. f cases (Thimasarn, 1999). It
isnot clear what caused the explosion of P. v cases
overall: possibly population influx following re-
opening of the Thai-Cambodia border.

Theresultsfrom this study revealed that the
malaria situation along the Thai bordersis till a
serious problem especially in the Thai-Myanmar
and Thai-Cambodia border areas over the period
1991 to 2001. A mgjor problem derived from the
population movement across the border as well
as geographical characteristics of the border ar-
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Annual Parasite Incidence
per 1,000 pop
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Fig 4-Annual Parasite Incidence (API), 1991-2001.
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Fig 5-Malaria parasite species, 1991-2001 P. falciparum : P. vivax, distribution by provinces.
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eas. mostly these forested and mountainous ar-
eas give rise to high malaria transmission
(Thimasarn et al, 1995). The parasite ratio has
changed from P. falciparumto P. vivax mostly in
the western border with Myanmar, the northern
border with Lao PDR and the eastern border with
Cambodia. The malariaincidence of border dis-
tricts with Myanmar and Cambodia was higher
than border districts with Lao PDR and Malay-
sa

The data shown in Figs 2 and 3 indicated
that the malaria situation in border districtswasa
more serious problem than in non border districts.
This arose from such factors as high internal mi-
gration of the people due to socio-economic con-
ditions, especially temporary migrant labor mov-
ing from malarious areas and movement of popu-
lation across national boundaries through hills,
mountains and forested areas, in some cases in-
volving refugees entering Thailand from neigh-
boring countries (Singhasivanon et al, 1999). All
such factors have to be taken into account in the
epidemiological analysis of malaria and the ap-
plication of appropriate measures for effective
control. All border districtsalong the Thai border
should pay more attention to control of malaria
transmission. There should be adequate surveil-
lance within the control services. The activities
of the existing malaria surveillance system and
monitoring and evaluation of the Thai Malaria
Control Program need to be performed consis-
tently, even in areas where a few malaria cases
arefound and in malariafree areas. An early de-
tection model of malaria epidemics is needed to
solve the malaria problem along the Thai border;
such amodel isnow in the devel opment process.
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