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Abstract. A population based case-control study was performed to determine factors associated with
malariainfection among the migrant population, foreign nationals aged 15 years or over. Data were
obtained from 217 malariaand 217 non-mal aria patients attending the Vector-Borne Disease Control
Units 6-9 (Thong PhaPhum and SangkhlaBuri districts) in Kanchanaburi Province and at the Vector-
Borne Disease Control Units 1,9 (Mae Fa Luang and Mae Sai districts) in Chiang Rai Province,
between June and December 2002. All study subjects wereinterviewed by trained interviewers using
astructured interview form. The statistical analysis was carried out by the chi-square test and multi-
variate logistic regression: a p-value of less than 0.05 was considered to be statistically significant.
The results showed that the study subjects were predominantly Thai-Yai and Myanmar. Plasmodium
fal ciparum was the major type of the malaria (60.8%). Logistic regression analysis, controlling for
possible confounding factors, revealed that residence located in the forest increased the risk of ma-
lariainfection by afactor of 6.29 (OR = 6.29, 95% Cl = 1.56-25.42); outdoor stay <7 and = 7 days
prior to the blood examination also increased therisk by afactor of 4.34 and 4.13 respectively (OR =

4.34, 95% CI = 1.05-17.99; OR = 4.13, 95% CI = 1.29-13.13).

INTRODUCTION

Malariais one of the world's most important
vector-borne diseases and one of the leading causes
of morbidity and death worldwide, with about 500
million cases and &t least two million deaths ayear
(WHO, 1997). At present, malaria is gtill a mgjor
public hedth problem. About 100 countries in the
world are considered malarious aress. More than
2,400 million or approximately 40% of theworld's
population areat risk for maaria(WHO, 2000). Ma-
lariais a serious hedlth problem in Thailand. It was
noted that the trend of total Thai malaria cases in-
creased from 1.7t0 2.2 per 1,000 populationin 1997
and 1999, dthough mortdlity rates decreased from
8.0t0 1.2 per 100,000 populationin 1981 and 1999,
respectively (Maaria Division, 2002; Office of the
Permanent Secretary, 2001). In 2000, there were
91,703 malaria cases reported from the surveillance
system of the Maaria Division, Center for Disease
Control Department, Minisiry of PublicHedth (Thai-
land). The proportions of Thais and foreign nation-
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as of tota malaria cases were 61.3% and 38.7%.
The Thai cases (57.3%) were reported in border ar-
eas, especidly (63%) aong the Thai-Myanmar bor-
der whereas 19.5%, 4.1%, 1.7% and 17.4% were
reported dong the Thai-Cambodia, Thai-Lao PDR,
Thai-Malaysiaborders and other areas respectively.
The ten leading provinces with the highest malaria
cases were Tak, Kanchanaburi, Mae Hong Son,
Sakaeo, Chanthaburi, Trat, Surat Thani, Prachuap
Khiri Khan, Chiang Ma and Ratchaburi, respec-
tively. Migration of malariareservoirswasakey fac-
tor indrug resistance dynamics (Wernsdorfer, 1994).
Migrations were prone to risk in a variety ways.
Migrants are usually non-immune or partidly-im-
mune to malariawhen they travel through endemic
or high risk areas with highly efficient infectious
vectors. Better understanding in the epidemiology
of mdaria patterns among the migrant populations
withforeign nationaswould certainly lead to proper
solutions for malaria contral in these groups. The
ams of this study wereto determine therisk factors
of Maariain migrant populations with foreign na-
tionals in Kanchanaburi Province and Chiang Rai
Province aong the Thai-Myanmar border area in
terms of descriptive epidemiology and to identify
the association between these risk factors and ma-
laria occurrence.
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MATERIALSAND METHODS

Study design and population

A population based, case-control study was
carried out in Kanchanaburi Province (Thong Pha
Phoom and Sangkhla Buri districts) and Chiang
Rai Province (Mae Fa Luang and Mae Sai dis-
tricts), from June to December, 2002, to deter-
mine socio-demographic and behavioral factors
associated with malariainfection among migrant
foreign nationals. Target populations were mi-
grant foreign nationalswho lived in the endemic
areas along the Thai-Myanmar border area. All
blood positive eligible patientswere classified as
“cases’, whereas personswho had negative blood
smears were classified as “controls’. A total of
217 cases and 217 controls were recruited. Age,
gender and district of residence werethevariables
used for frequency matching between the posi-
tive malaria cases and negative controls. Data
collection was abtained by interviewing the study
subjects by trained interviewersin the local lan-
guage. The questionnaire comprised the socio-de-
mographic status, namely age, educational level,
marital status, occupation, and family income per
month; behavioral characteristics and the sur-
roundings of the residence. Socio-demographic
characteristics were displayed by percentage,
mean, median, standard deviation and quartile de-
viation. Chi square tests were utilized to differ-
entiate proportional exposures between casesand
controls for categorical variables. Univariate
analysis, [odds ratio (OR), 95% confidence in-
terval and corresponding p-value < 0.05] was
employed in order to screen the suitablevariables,
and multiplelogistic regression was used toiden-
tify and adjust for confounding variablesin terms
of the adjusted odds ratio.

Sample size
The sample size was calculated by the for-
mula (Schlesselman and Stolley, 1982):
{2,V 2P(1-P)+Z VP (1-P)+P(1-P)}?

- (PP’

Where n = minimum number of subjectsthat
were included, P, = proportion of exposure in
controls = 0.32; P, = proportion of exposure in
cases=049;,Z ,=196aa=0.057,=164a
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f = 0.05; and P = 0.41. The calculated sample
Sizein each group was at least 214.

RESULTS

The thick blood smear results showed that
60.8% of the cases were infected by falciparum
malaria, 36.4% by vivax malaria and 2.8% by
mixed infection of both types as shown in Table
1. Of thetotal 217 positive malaria cases, 69.6%
were male patients. The majority of these studies
were lessthan 35 years of age (73.7%); the aver-
age age of malaria cases and controls was 29.5
years. Most of the study subjects were Thai-Yai
and Myanmar (74.2%). Employee, wood cutting
and gathering forest products accounted for 65.2%
of those studied. A significantly higher propor-
tion of the non-malariacontrols had attended pri-
mary schools (p = 0.009). There was no signifi-
cant differencein marital status, race, occupation
and family income in either groups. The socio-
demographic characteristics of casesand controls
are shown in Table 2.

Therewere 9 different factors (p < 0.05) in-
cluded in the model, thus. outdoor stay prior to
blood examined = 7 days (OR = 5.57), outdoor
stay prior to blood examined < 7 days(OR =5.03),
frequency of migration = 2 (OR =4.25), residence
located intheforest (OR = 3.39), duration of stay-
ing less than 6 months (OR = 3.27), workplace
located in the forest (OR = 2.15), low level of
personal protection (OR = 1.82), frequency of

Table1
Number and percentage of the subjects by
malaria species in study cases.

Species No. %
P. falciparum
-ring form (f) 111 512
-gametocyte (g) 4 18
-ring form and gametocyte (f+g) 17 78
P. vivax 79 364

Mixed infection (P. falciparumand P.vivax) 6 2.8

f =P falciparumring form aone
g =P falciparum crescent form aone
f+g = P. falciparumring form and crescent form
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Table 2
Comparison of the selected socio-demographic characteristics between the malaria cases and the
non-malaria controls.

Cases Controls

Characteristics p-value
No. % No. %
Ages (years) 1.000
15-24 78 35.9 78 35.9
25-34 82 37.8 82 37.8
35-44 33 15.2 33 15.2
=45 24 11.1 24 111
Mean + SD 295+ 10.2 295+99
Gender 1.000
Male 151 69.6 151 69.6
Female 66 304 66 30.4
VBDUP 1.000
Kanchanaburi Province
6 38 175 38 175
7 36 16.6 36 16.6
8 18 8.3 18 8.3
9 34 15.7 34 15.7
Chiang Rai Province
1 78 35.9 78 35.9
9 13 6.0 13 6.0
Marital status 0.333
Married 179 825 189 87.1
Single 12 5.6 11 51
Widowed/Separated 26 11.9 17 7.8
Race 0.107
Myanmar 82 37.8 58 26.7
Thai-Yai 84 38.7 98 452
Karen 27 124 33 15.2
Others 24 111 28 12.9
Educational level 0.009%
No schooling 156 71.9 130 59.9
Primary school 49 22.6 78 359
= Secondary school 12 55 9 4.2
Occupation 0.332
Unemployment 46 21.2 32 14.7
Employee 67 30.9 83 38.2
Wood cutting and 67 30.9 66 304
gathering forest products
Agriculture 10 4.6 12 55
Others 27 124 24 11.2
Family income per month (Baht) 0.241
= 3,000 162 74.7 147 67.7
3,001-5,000 40 184 54 24.9
> 5,000 15 6.9 16 7.4
Mean = SD 3,103.9 + 3,919.6 2,982.6 + 2,060.7
Median + QD 2,400.0 + 782.8 2,600.0 = 1,200.0
Min-Max 420-45,000 200-15,000

aStatistically significant at . = 0.05
5%/BDU = the Vector-Borne Disease Control Units
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Table 3
Adjusted odds ratios of various risk factors by multiple logistic regression.

Variables OR 95% ClI p-value
Residence located in the forest 6.29 1.56-25.42 0.009*
Outdoor stay prior to blood examined (days)

<7 4.34 1.05- 17.99 0.043

=7 4.13 1.29-13.13 0.0172
Duration of stay (months)

<6 2.29 0.15-34.25 0.548

=6 0.85 0.06 - 11.85 0.907
Low level of personal protection 212 0.74 - 6.01 0.157
Low level of knowledge of malaria 164 0.93-287 0.080
Frequency of migration

1 0.85 0.41-1.77 0.673

=2 1.60 0.47 - 5.43 0.449
Workplace located in the forest 11 0.48 - 2.56 0.812

sStatistically significant at o = 0.05

migration once (OR = 1.79), and low level of
knowledge of malaria (OR = 1.79). Theleft vari-
ableswhich werenot statistically significant were
ruled out.

To evaluate the effect of risk factors and ad-
just for confounding variables, all potential vari-
ables were included in the final model. After ad-
justing for potential confounders, adjusted odds
ratios of the 7 factors are shown in Table 3.

Only three independent variables were sig-
nificantly associated with malaria infection
among migrant foreigners. Subjects whose resi-
denceswerelocated in the forest were 6.29 times
more at risk to develop malariaillness compared
with thosewhichwerenot (95% Cl = 1.56-25.42).
Subjects with outdoor stay prior to blood exam-
ined < 7 and = 7 days were 4.34 and 4.13 times
more at risk than those who did not (95% CI =
1.05-17.99, 1.29-13.13).

DISCUSSION

The results of the analysis of the socio-de-
mographic characteristics of the study population
show that malariacaseswere predominantly male
(the sex ratio of male to female malaria patients
was2.3:1), afinding similar to those of other stud-
ies (Fungladda et al, 1987; Thimasarn, 1997;
Hossain et al, 2001). Men were more likely to
get malariaand more likely than women to work
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in the jungle, where exposure to mosquitos was
more frequent (Kanjanapan, 1983). The age
groups of 15-24 and 25-34 years exhibited the
majority of infections (73.7%). This finding is
similar to previous studies (Kanjanapan, 1983;
Butraporn et al, 1986). Moreover, most of the
study population were Thai-Yai (38.7% in cases
and 45.2% in controls). This study revealed that
the main occupations of the study subjects were
general employee, wood cutting and gathering
forest products, where their workplaces were
mostly near theforest (61.8% in casesand 68.6%
in controls). The majority of family incomes per
month in both groups was less than 3,000 Baht
(74.7% in cases and 67.7% in controls). The pro-
portion of the educational levelsin malariacases
was lower than in non-malaria controls. Poverty
or near-poverty was the motivating reason for
people to seek more money from activities that
might expose them to higher risks. Poverty forced
these people to risk contracting malariain ways
such as going back to the forest to hunt or gather
food, which agree with Sornmani et al (1983) and
Panvisavas (2001). Migration to search for jobs
and family members in the forest also exposed
them to malaria (Panvisavas et al, 2001). After
adjusting for potential confounders by multivari-
ate analysis, it was found that the study subjects
who had residences |located in the forest showed
oddsof amalariainfection were6.29 times higher
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than those which were not (OR = 6.29, 95% CI =
1.56-25.42), which agreed with Fungladda et al
(1987) and Butraporn et al (1986). Subjects who
stayed outdoors prior to having their blood ex-
amined < 7 daysand = 7 days had 4.34 and 4.13
times higher risk of malaria respectively (OR =
4.34,95% Cl =1.05-17.99; OR=4.13,95% Cl =
1.29-13.13). Although links between lower lev-
els of persona protection and the occurrence of
malaria was weak, ignorance regarding personal
protection, namely bed-nets etc. might lead to
non-use of bed-netsat night, thusincreasing con-
tact with mosguitos (Tin-Oo et al, 2001). In ad-
dition, it was demonstrated that a workplace lo-
cated in theforest was not significantly related to
malariainfection after adjusting for potential con-
founders(OR = 1.11, 95% CI = 0.48-2.56), which
disagreed with Fungladda et al (1987) and
Butraporn et al (1986).
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