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Longitudinal malaria studies in rural north-east
Thailand: demographic and temporal variables
of infection *
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A prospective longitudinal study of malaria incidence was carried out in randomly
selected samples of the population in the villages of Bu Phram and Tablan, north-east
Thailand. During the 10-month study period 46 % of the 252 persons followed up experi-
enced a falciparum parasitaemia, and 23 % a vivax parasitaemia. The peak of the cases
occurred during a 10-week period from late May to the end of July, with transmission
apparently continuing, at lower levels, throughout the remainder of the study period.
Falciparum infection rates were higher for residents of Bu Pham; vivax infection rates
were the same in both villages. Certain indices declined with age in Bu Phram but not
in Tablan residents. Parasite rates were higher for males than for females. Age-specific
rates did not vary predictably. Infection of children aged less than one year was rare.

One-third of the estimated 13.2 million population
of Thailand lives in malaria-endemic areas (V. Noto-
nond, personal communication, 1972). Population
movements and the establishment ofnew settlements,
the refractoriness of Anopheles balabacensis to con-
trol, and the wide distribution of chloroquine-resist-
ant Plasmodium falciparum infections have been
identified as impediments to malaria control (2).
Studies of the demographic and temporal variables
of malaria infection are reported here.

STUDY AREA AN;D POPULATION

The two study villages, Ban (village) Bu Phram
and Ban Tablan, Prachinburi Province, Thailand,
are located 8 km apart in a valley 250 km north-east
of Bangkok (Fig. 1). The valley is 90-110 m above
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Fig. 1. Ban Bu Phram and Ban Tablan, Prachinburi
Province, Thailand.
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Fig. 2. Contour map of Ban Bu Phram, Ban Tablan Valley.

sea-level, approximately 60 km2 in area, and deli-
mited by heavily forested mountains rising steeply
to 992 m in the north, east, and west, and by more
gradual slopes up to 556 m in the south (Fig. 2).
The vegetation on the valley floor is mixed primary
forest and secondary growth with some areas under
cultivation. There are rainy (June-November), cool
dry (November-March), and hot dry (March-June)
seasons.

It is reported that both villages were established
more than 100 years ago. The population is primarily
engaged in subsistence agriculture, hunting, and log-
ging activities. The living quarters are raised wood
and thatch buildings with open porches and partially
closed-in sleeping areas. Water buffalo, pigs, and
chickens are penned undemeath the houses. Vil-
lagers appear to be acquainted with the signs and

symptoms of malaria. Most households possess one
or two mosquito nets, usually given over to the
youngest child or children.
The villages were selected for study on the basis

of a 45% infection rate in the valley population
(S. Wongsaraj, unpublished data, 1971). Pre-study
malariometric surveys of schoolchildren in the study
villages during the hot dry season revealed parasite
and spleen rates of 31.5% and 29.8% respectively
(R. N. Wilkinson, unpublished data, 1971).

METHODS

The two study villages were mapped and a census
taken in mid-April 1971. There were 380 persons
resident in Bu Phram and 605 in Tablan at that time.
A random sample of households was drawn from
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Table 1. Village and selected study households census

Ban Bu Phram Ban Tablan

Total Study group Total Study group

number of households 80 22 121 23

number of residents 380 120 (31.6 %) 605 129 (21.3 %)

number aged 15 years and below 180 54 299 64

proportion aged 15 years and below 0.47 0.45 0.49 0.50

number of males 195 65 311 60

proportion of males 0.51 0.54 0.51 0.47

each village and included 121 residents from Bu
Phram (22 households) and 131 from Tablan (23
households). These constituted the study population.
The proportion of subjects aged over 15 years and
the proportion of males included were such that
both village samples were representative of the entire
village populations from which they were drawn
and comparable with one another (Table 1).

Investigators visited each study household 16
times, at approximately 2-week intervals, between
late April 1971 and early January 1972. During the
initial visit, the age, sex, and occupation of each
study subject, the length of village residence (of the
head of household), and the malaria history were
recorded. Some households maintained and used
a secondary residence, usually an open, thatched-
roof shelter located in fields far from the village
proper. Such use was also recorded. During sub-
sequent visits, only an interim history of illness,
especially febrile illness, was taken. During the final
visit, information was elicited about illnesses not
previously reported to the investigators and about
overnight absences from the village during the study
period. A history of fever given by a subject or his
parent or guardian was taken as evidence of elev-
ated temperature. Temperatures were not taken by
the investigators.
A blood specimen for parasite counts was col-

lected at every visit from each subject who was at
home. Parasite densities were determined by relating
the parasite/leucocyte ratio on the (Giemsa-stained)
thick blood film to the total leucocyte count. A find-
ing of 400 negative fields defined a " negative " slide.

In Bu Phram, every episode of parasitaemia (for
the purposes of the study, an " episode " was con-
sidered to be a positive smear) was treated with

chloroquine within one day of confirmation of the
parasitaemia. The chloroquine was given over a
48-h period and calculated in terms of total adult
dose of 1500 mg of base. In Tablan, only symptom-
atic parasitaemias-those accompanied by fever,
chills, or headache-and those with high parasite
densities (>1000 asexual parasites per mm3 of
blood) were so treated. Chloroquine treatment of
asymptomatic parasitaemias was without demon-
strable effect (H. E. Segal, unpublished observa-
tions, 1972).
The data obtained yielded additional information

on residence and illness patterns and permitted
further evaluation of the comparability of the village
samples. New parasite acquisitions over time were
studied. Data were grouped to allow comparison
of infection rates, average number of parasitaemic
episodes per infected subject, mean parasite den-
sities, and proportion of symptomatic parasitaemias
by age, village of residence, sex, and parasite species.

RESULTS

Of the 45 households selected for study, 40 (88 Y.)
maintained their residences throughout the period
of observation; these included 215 of the 252 study
subjects (85 %) Losses were largely the result of
the movement of 5 entire households during June
and July. One household moved from Bu Phram
and 4 from Tablan. Information and infections
recorded for these households are included in the
data reported. Two deaths were recorded, both in Bu
Phram. An 11-month-old boy died with fever and
haemorrhage and a 4-year-old girl died with paralysis
and subsequent malnutrition.
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Among subjects maintaining their residences, par-
ticipation rates varied from 57% to 93%; it was
usual (11 of the 16 visits) to find 70-90% of sub-
jects at home on the prearranged day and avail-
able for blood smear. Subjects absent usually claimed
to have stayed at their secondary farm-shelter resid-
ence. The lowest participation rates were found dur-
ing the times of planting (July-August) and harvest-
ing (November-December). Subjects absent tended
to be older, their median age being 22.0 years, com-
pared with 17.0 years for the entire study population.
Males were absent, on average, approximately twice
as often as females: 5.0 and 2.7 absences respectively
in Bu Phram and 3.1 and 1.5 in Tablan.
The average length of residence for heads of study

households in Bu Phram was 32.5 years, and for
Tablan 6.4 years. In Bu Phram, 82% of subjects
reported having previously had an illness character-
ized by fever, chills, or headache, compatible with
malaria, compared with 32% of Tablan subjects.
At the completion of the study all subjects together
could recall a total of only 14 episodes of such ill-
nesses seen and treated by persons other than the
investigators.

Parasitaemia with asexual forms of the parasite
was detected in 58 subjects (23%) from both vil-
lages during the first two visits, made at the end
of the hot dry season, in late April and early May.
Of these, 43 (74%.) were infected with P. falciparum

and 15 (26%) with P. vivax. The peak period of
occurrence of parasitaemia was the 10 weeks from
late May to the end of July, when 61 % of the
117 falciparum infections and 47% of the 58 vivax
infections found during the study were first docu-
mented (Fig. 3). By the completion of the final
visit in January, 175 of the 252 subjects (69%) had
experienced one or more confirmed episodes of
parasitaemia. In 117 of these subjects (46%.) P. falci-
parum was the infecting species, P. vivax being
found in 58 (23%) (Fig. 4). Seven subjects experi-
enced a total of 12 episodes of mixed falciparum
and vivax infections. Two subjects, a 13-year-old
Bu Phram female and a 38-year-old Tablan male,
had infections with P. malariae. No deaths occurred
and no cerebral, renal, or pulmonary complications
from malaria infection were detected during the study.

Falciparum infection rates were higher for sub-
jects residing in Bu Phram (52%) than for those
in Tablan (42 %). Vivax infection rates were the
same (23 %). Age-specific infection rates are given
in Table 2. Infection of children less than one year
of age was rare. Males were more likely than females
to be infected with both P. falciparum (54% and
38%) and P. vivax (26% and 20%).
The mean asexual P. falciparum and P. vivax

parasite densities (Table 3) and the number of
episodes of falciparum parasitaemia per infected
subject (Table 4) both appeared to decrease with

I 4
APR MAY JUN

6 i .8 9 10 I I2 1-3 i4 15 I6
JUL AUG SEP OCT NOV DEC JAN

Fig. 3. Proportion infected by time of visit and by parasite species.
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Fig. 4. Cumulative proportion infected by time of visit and by parasite species.

Table 2. Age-specific infection rates by parasite species

Age group No. of No. (proportion) No. (proportion) No. (proportion)(yeagroup subject infected with infected with infected with(years) subjects P. falciparum P. vivax both species

< 1 17 2 (0.12) 1 (0.06) 3 (0.18)

1-4 35 14 (0.40) 10 (0.29) 24 (0.69)

5-9 37 20 (0.54) 11 (0.30) 31 (0.84)

10-14 26 13 (0.50) 9 (0.35) 22 (0.85)

15-19 24 18 (0.75) 5 (0.21) 22 (0.92) a

20-24 26 9 (0.35) 4 (0.17) 13 (0.50)

25-29 19 7 (0.37) 7 (0.37) 14 (0.73) a

30-39 33 14 (0.42) 5 (0.15) 16 (0.48) a

> 40 35 20 (0.57) 6 (0.17) 24 (0.69) a

all ages 252 117 (0.46) 58 (0.23) 175 (0.69)

a Mixed infections counted once.
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Table 3. Age-specific
village

average number of episodes of falciparum parasitaemia by

Bu Phram Tablan
Age group
(years) No. Total no. of A No. Average

infected parasitaemias infected parasitaemias verage

< 1 1 4 4.0 1 1 1.0

1-4 6 36 6.0 8 16 2.0

5-9 12 72 6.0 8 18 2.2

10-14 6 15 2.5 7 31 4.4

15-19 8 31 3.6 10 32 3.2

20-24 8 23 2.6 1 1 1.0

25-29 3 8 2.6 4 11 2.8

30-39 7 14 2.0 7 16 2.3

> 40 12 17 1.4 8 17 2.1

increasing age among Bu Phram subjects but re-

mained similar for Tablan subjects of all age groups.

(Since all vivax parasitaemias were presumably sen-

sitive to chloroquine, the average number of episodes
of vivax parasitaemia cannot be estimated). Fevers
associated with parasitaemia were less common

among Bu Phram subjects for both falciparum and
vivax infections. In Bu Phram subjects, 7.2% (220)
of falciparum and 4.0% (50) of vivax parasitaemias

were accompanied by subjective complaints of fever,
compared with 13.6% (139) and 20.0% (55) respec-
tively in Tablan subjects. Parasitaemia-associated
fever occurred more commonly in the younger age
groups in Bu Phram, in contrast to Tablan subjects,
in whom such fevers were more widely distributed
(Table 5). Fevers not associated with parasitaemia
were found infrequently (with 1 % of 3219 negative
smears).

Table 4. Age-specific mean asexual parasite densities by parasite species and village

P. falciparum P. vivax

Age group Bu Phram Tablan Bu Phram Tablan
(years)

No. of Mean No. of Mean No. of Mean No. of Mean
parasitaemias density parasitaemias density parasitaemias density parasitaemias density

<1 4 14977 1 1 592 1 16-625 0 -

1-4 36 4 600 16 949 10 5 531 10 236

5-9 72 9446 18 13 325 12 425 9 2 130

10-14 15 2 617 31 2 592 12 339 5 297

15-19 31 2103 32 2892 4 121 2 329

20-24 23 1 146 1 7728 5 117 4 54

25-29 8 1 285 11 7826 1 1 285 9 414

30-39 14 1 035 16 13581 2 81 11 299

>40 17 149 17 303 3 1413 5 662
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Table 5. Age-specific parasitaemia-associated fevers, by parasite species and village

P. falciparum P. vivax

Age group Bu Phram Tablan Bu Phram Tablan
(years)NoNoN.N.No. of Npo.otin No. of Npo.otin No. of Npo.otin No. of Npo.otinparasitaemias (pwthfever) parasitaemias with fever parasitaemias (pwithfever parasitaemias (pwithfever

<1 4 0 1 0 1 0 0 -

1-4 36 3 (0.08) 16 1 (0.06) 10 0 10 2 (0.20)

5-9 72 5 (0.07) 18 4 (0.22) 12 1 (0.08) 9 4 (0.44)

10-14 15 0 31 1 (0.03) 12 1 (0.08) 5 0

15-19 31 4 (0.13) 32 4 (0.12) 4 0 2 0

20-24 23 2 (0.09) 1 1 (1.00) 5 0 4 0

25-29 8 0 11 3 (0.27) 1 0 9 2 (0.22)

30-39 14 0 16 2 (0.16) 2 0 11 1 (0.09)

>40 17 2 (0.11) 17 3 (0.17) 3 0 5 2 (0.40)

DISCUSSION

The two study villages appear to differ in several
important respects. The population in Bu Phram
appeared to be more static, judging by the average

length of residence of the head of household and
the proportion of study subjects lost. The explana-
tion is not clear, but 3 of 4 Tablan households that
moved had been in residence only a short time (aver-
age: 12.6 months) and left soon after symptomatic
malaria appeared in 15 of 21 family members. In
addition, Bu Phram is 2.6 km from the main road and
therefore less accessible to migrants than Tablan,
which straddles the main road. The incidence of
symptomatic infection in the years prior to the
present study also appeared from the history to
have been greater in Bu Phram (82 %) than in
Tablan (32%).
The peak occurrence of cases occurred soon after

the onset of the rainy season; lower levels of occur-

rence continued through the remainder of the rainy
season and into the cool dry season. The finding
of 69% of subjects infected is not truly at variance
with lower estimates obtained by National Malaria
Eradication Program personnel but rather reflects
the relative value of random parasite surveys and
the methods of active and passive case detection
employed in this study. Surveys are most useful
during the preparatory phase of a control pro-

gramme (to define the degree of endemicity) and

during the early attack phase (to measure the early
impact of control efforts). It has been suggested
that only when mass parasite surveys cease to be
sufficiently sensitive to measure further progress
(i.e., when parasite rates reach 1-3%) should they
be replaced by active and passive case detection (1).
The risk of infection was found to be higher in

Bu Phram, primarily because of conditions favour-
able to higher mosquito indices (R. N. Wilkinson,
unpublished data, 1972). Parasite acquisition by
infants was an uncommon event. This may be
accounted for by the provision of the household's
mosquito net for infants, by the infrequency with
which they are taken to the secondary farm-shelter
residence, and, presumably, by maternal immunity.
Otherwise, no trends in age-specific infection rates
were evident. Males were infected in greater pro-
portion than females, presumably because of their
farming, hunting, and logging activities in forested
areas, where mosquito indices were higher. These
activities and the resulting absences from the village
limited their availability to the malaria house visitor.
The development of acquired immunity is sug-

gested from data demonstrating the low prevalence
of symptomatic infections (9.7% and 12.4% of falci-
parum and vivax infections, respectively). This ap-
pears to be true for Bu Phram subjects, among
whom symptomatic parasitaemias were relatively
rare events and in whom the mean parasite count,
the average number of parasitaemic episodes experi-
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enced, and the proportion of episodes associated
with fever declined with increasing age. Even among
these subjects, age-specific differences were first found
in age groups above 10 years, indicating that anti-
plasmodial immunity may not be discernible until
approximately the time of puberty. Infant and child
malaria deaths and complications, apparently preva-
lent in the recent past, were not observed, perhaps
owing in part to the use of mosquito netting, the
early development of antitoxic immunity, and thera-
peutic intervention by the investigators.

Fever may be a highly reliable symptom of malaria
in these villages, in view of the small number of
fevers not associated with parasitaemia. Nevertheless,
the majority of parasitaemias were asymptomatic.
Under these circumstances, the mass parasite survey
would identify more parasitaemic persons than
would active case detection. Screening of fever cases
by blood examination would, according to the data
presented, also lead to the identification of relatively
more vivax than falciparum infections.
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RISUMti

ETUDES LONGITUDINALES SUR LA PALUDISME DANS UNE REGION RURALE DU NORD-EST DE LA
THATLANDE: DEMOGRAPHIE ET PERIODE DE L'ANNEE EN TANT QUE VARIABLES DE L'INFECTION

Une 6tude longitudinale sur la transmission du palu-
disme a et effectu6e dans les villages de Bu Phram et
de Tablan, dans le nord-est de la Thailande, oiu le
paludisme a Plasmodium falciparum resistant a la chloro-
quine est endemique. On a 6tabli la carte de ces villages,
recense la population et constitue un echantillon alea-
toire de 45 familles qui ont ete visitees deux fois par
mois pendant la saison de transmission. Les enqueteurs
se sont enquis chaque fois des cas de maladie survenus
depuis la visite pr&edente et ont preleve des echantillons
de sang pour des numerations parasitaires.
La transmission maximale a eu lieu de la mi-mai a

juillet, periode durant laquelle on a decouvert 61 % des
117 nouvelles infections a P. falciparum et 47% des
58 nouvelles infections a P. vivax. Le taux d'infection
selon l'age chez les sujets ag6s de plus d'un an variait
de 38 a 80% pour P. falciparum et de 14 a 46% pour
P. vivax. Les nourrissons ont ete rarement atteints. Les

infections etaient plus frequentes dans le sexe masculin
que dans le sexe f6minin (54 contre 38% pour P. falci-
parum; 26 contre 20% pour P. vivax).

Les indices parasitaires etaient plus eleves a Bu Phram
(52%) qu'a Tablan (42%) pour P. falciparum, mais
identiques pour P. vivax (23 %). La densit6 parasitaire
moyenne, le nombre moyen d'episodes parasitemiques
par village et la proportion des parasit6mies symptoma-
tiques diminuaient avec l'age chez les habitants de
Bu Phram mais 6taient du meme ordre chez les villa-
geois de tout age a Tablan. Les acces febriles liMs a la
parasit6mie ont ete moins fr6quents a Bu Phram qu'a
Tablan (7 contre 14% pour P. falciparum; 4 contre 20°%
pour P. vivax).
Ces resultats sont attribu6s aux modalites diff6rentes

de residence et de travail suivant l'age et le sexe ainsi
qu'a des differences d'intensite de transmission et de
niveau d'immunite selon les villages.
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