
172

Pampana (!963) defines resistance to an
antirnalarial as the capacity of a particular
strain to survive wiren the drug has been ad-
nrinistered to the vertebrate host at a dose
that would nornrally destroy the parasites in
the same stage of life cycle. Strains of Plas-
modium falciparum in different parts of the
world nray differ in their degree of suscepti-
bility to various Crugs while the indigenous
population of an area nray be susceptible to
infection to a varying extent. ln order ttt
deternrine if drug resistance in falciparunr
n.ralaria existed in South-East Asia it would
be desirable to establish what constituted the
"dose that would normally destroy the para-
sites" anrong the indigenous population.

The nrost compreherrsive work on the
action of drugs on falciparunt nralaria in this
part of the world has been carried out by
the staff of the lnstitute for Medical Research,
Federation of Malaya and published as a

series chiefly in the Medical Journal of Malaya
under the heading of "Studies on the chemo-
therapy of nralaria, I to VIl" during 1952 -
I 959. Their work, however, does not include
the recurrence rate of parasitrentia after the
initial clearance following treatntent in the
absence of reinfection. This would have been
difficult and expensive in an area where ac-
tive transnrission was going on. The informa-
tion obtained in Malaya is outlined briefly
and will provide some base line data for conr-
parison with strains suspected of showing

* A paper read by invitation at the Seventh lnternational Con-
gresses in Tropical Medicine and Malaria held at Rio de

Janeiro, Brazil in September, I 963.
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dru-u-resistance. It should be realized that in-
fornration obtained in Malaya may not be
equally applicable to other parts of S.-8. Asia.

In attempting to determine if a resistant
strain existed in the country one could conl-
pare the results of treatment of the suspected
strains with those obtained with the norntal
susceptible strains preferably in the same area
and among the same ethnic group. One could
compare ( l) the rate of disappearance of
parasitemia in the blood, (2) the rapidity of
disappearance of clinical malaria especially of
fever, (3) the reappearance or otherwise of
parasitological and clinical malaria in the ab-
sence of reinfection, and (4) the presence of
parasitremia in relation to the concentration
of the drug in the blood plasma. If possible
the suspected strain should be inoculated into
a susceptible volunteer and tested for its re-
action to the drug in question.

4 AMINOQUINOLINES

Chloroquine

Wilson and Edeson (1954) using Resochin
(a Bayer product of chloroquine diphosphate)
gave 300 nrg. chloroquine base to 7 cases of
indigenous people in Tanrpin with falciparunr
infection (av. count 13,80() per c.mm.) and
found that parasitremia cleared in 2 days and
fever in 0.6 days. Using Nivaquine (a May
dr Baker product of chloroquine phosphate)
they gave 300 mg. chloroquine base to 40
cases of falciparunt malaria (av. count l9,30tt
per c.mm.) and found that parasitaemia cleared
in 2.3 days and fever in 1.1 days (Figs. I & II).
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age Asian adult with acute falciparum malaria
in Malaya. Laing (1955) working at l(uala
Kangsar gave 600 mg. chloroquine base
(Nivaquine) to 97 cases of falciparum ntalaria
(av. count 8,356 per c.mm.). All but one
(99 percent) had no parasitrenria within 48

hours and there was a 100 percent clearance
within 72 hours after treatn.rent (Figs. lll &
IV). However, for full treatment they used
I,500 mg. and this dosage should, according
to Covell et 41., (1955) produce radical cure.
This is substantiated by the work of Jeflery
et al., (1956) who found that only one of 46
cases relapsed after this dosage.

RESISTANCE TO CHLOROQUINE
IN MALAYA About 600 Australian
soldiers belonging to the British Contnton-
wealth L.lnits stationed in N4alaya were engaged
in jungle operations near the Thai border in
Nortli Perlis during a period of about two
nronths from August to October 1962. They
were a non-inrnlune population and werc tak-
ing a daily prophylactic dose of 200 mg. of
proquanil (Paludrine). About l0 percent of
these men were admitted to nredical units
with malaria, Plasmodium falciparum pre-
dclminatin-{. The men were aware of the dan-
ger of contracting malaria and military dis-
cipline was such that there is no reastrn tcr

believe that the prophylactic routine was not
followed. A r.run.rber of these cases were
brou-uht away from Perlis to their base canrps
near Malacca or Taiping. Although they had
returned to places where there was little or no
likelihood of reinfection, cases were said to
have relapsed after fuil chloroquine therapy.

It was decided to find out if the Australian
troops could have contracted their infection
from the people of North Malaya near the
Thai border. A brief survey in December 1962
(Sandosham et al., 1963) showed that in the
adjoinin-e area to where the troops were
camped about half the indigenous people had
malaria of which P. falciparum accounted for
nearly 60 percent. Anopheles balabacensis
balabacensis caught near the tents occupied by
the troops were found with oocysts and
sporozoites.

A further study of this area was under-
taken cluring March and April, 1963 by the
lnstitute for Medical Research in collabora-
tion with U.S.P.H. Service Research Unit and

the World Health Organization to detern.rine
the eflect of chloroquine on falciparum malaria
among the semi-imune indigenous population
there. The study (Sandosham et a/., in press)

showed that when they were given 300 mg.
chloroquine base 24 out of 8l failed to clear
within 5 days after treatment and a further 29
recurred before the l9th day giving a total
break-through of 65 percent. When those
whose blclod became positive were -tliven 1,200

nrg. chloroquine base 24 percent recurred
within 4 weeks of treatment. Son.re of these
had parasitiemia in spite of blood levels for
chloroquine varlling f ront l0 to 57 p8/litre.
Seven out of I 2 given 600 nrg. chloroquine
base either failed to clear or becanre positive
between the 5th and I tith day and their blood
levels for chloroquine soon after the break-
through varied fronr l5 to 8l pg/litre. lt was
concluded that there was little doubt of the
existence of chloroquine-resistant strains of
P. falciparum occurring antongst the indigen-
ous population of Perlis, N. Malaya and that
the Comn-ronwealth troops had contracted the
infection while at mancuvres there.

Montgomery and Eyles (1963a) studied 27

Australian patients who returned f ront N.
Malaya and were treated at the base British
Military Hospital at Kinrara on the outskirts
of Kuala Lumpur. Of these, ten cases were
considered to show evidence of resistance ttr
chloroquine, and two were described in de-
tail. ln none of these ten cases did chloro-
quine produce radical cure although 9 out of
the l0 cases had received ntore than the
generally recommended 1,500 mg. of the base.
When the relapse attacks were treated again
with chloroquine more than half of them were
not cured as was evident from the persistence
of low parasitaemia. Some of these cases
relapsed a third time. The authors noted
that the clearance of parasites and the dis-
appearance of symptoms were slow. Though
not cured by chloroquine, ordinary doses had
an effect on the parasites and controlled the
infection. The resistance, however, was not
overcome even by increasing the antount of
chloroquine to three tinres the reconrnrended
dosage. In two of these cases plasma levels
of chloroquine were as high as I I I pgllitre
and 66 pg/litre at the time when relapse
occurred. One of the strains of P. falciparum
from this group has been passed to prison

t
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volunteers in the United States and Contacos ed in Malaya which also originated from the

et al ., (.1963) have confirnted that it is resistant Commonwealth troops and found it resistant

to chloroquine. to chloroquine.

Montgonrery and Eyles (1963b) had the
opportunity to follow up the malaria histories
of a similar group of Contntonwealth troops
(New Zealanders) who replaced i.he ftlrnler
group for a similar period. There were 137

cases of nralaria notified of which 53 were

diagnosed clinically. Of the 84 micro-
scopically confirnted malaria cases 51 (61 per-
cent) had P. falciparum infection. Since this
unit had the benefit of experience of the pre-
vious group the prophylactic measures were
more stringent. The troops took 200 mg.
proguanil daily while in the area and in addi-
tion were given 300 mg. chloroquine base
before going on leave during the operation.
This leave was spent in places in Penang tlr
Malacca where little or no transn.rission of
n-ralaria was taking place. One of the Conl-
panies was given 150 300 mg. of chloroquine
base at approximately weekly intervals for
2 or 3 doses while it was operating in what
was ctrnsidered to be a highly infectious area.

In general, the first attacks of P. falciparum
infection were treated with 2,4(X) to 2,700 mg.
chloroquine base over a five to six day period.
Of about 5l such cases 3l relapsed and labora-
tory confirmation of resistance was obtained
in 28 of thenr. The chloroquine level in
plasnra was deternrined at relapse and before
commencement of the treatment in 23 cases

and the nrean level was 27 pgllitre. ln l4
cases the level was over 20 p.g/litre. Six out
of l2 cases under continuous hospital observa-
tion relapsed. Parasites recurred on the aver-
a-ue of 14.2 days after the end of treatment
and the mean chloroquine level was 43 pg/litre.
Burliner et al., (1948) consider 20 pgllitre as

the minimum therapeutic level but it must be
remembered that in many of the cases studied
in Malaya blood was drawn some time after
the appearance of the parasites during which
there would have been sonte decay in tlre
chlclroquine level. Two strains f ronr this
group have been passed to prison volunteers
in the Lrnited States und resistance to chloro-
quine has been confirnted (Contacos et ul.,
I 963).

Alving et al., (1963) studied in prison
volunteers a strain of P. falciparum contract-

Chloroquine-resistant strains appear to be

confined to thc North of Malaya bordering
Thailand. Physicians in Malaya who have
been alerted to the existence of this condition
(Sandosham, 1963) have so far produced ntl
eviclence of its existence in the rest of Malaya.
A brief survey carried out in Pulau Aur an
Island about 50 miles to the East of Johore
State by Warren et al ., (personal communica-
tion) showed no resistant strains there.

RESISTANCE TO CHLOROQL]INE IN
CAMBODIA - Seven nrembers of the staff
of the Institute for Medical Research, Federa-
tion of Malaya, Kuala Lumpur went on a

field study to the Pailin District of the State
of Battembang in Cambodia. The specific
locality of exposure to infection was in and
near the village of Pangrolinr which lies with-
in the World Health Organization medicated
salt experimental project area. Chloroquine
was used in the salt at the tirne of study
although pyrimethamine had been used earlier.
In spite of chloroquine prophylaxis three mem-
bers came down with P. falciparum nralaria
on return to Kuala Luntpur (Eyles et ,1 .,

1963). One of them (a Malay) relapsed twice
after standard 1.5 gm. treatmeltt and the
chloroquine Ievel in the plasnta at time of
relapse was 50 pgllitre and 80 pg/litre. Infec-
tion was ultimately eliminated with quinine.
Blood was inoculated into prison volunteers
in U.S.A. and the strain proved to be chloro-
quine-resistant. Another (a Malayan Chinese)
also relapsed twice after chloroquine and
pyrimethamine therapy. The third (an Ameri-
can) who had an attack of falciparum malaria
responded to chloroquine treatment and did
not relapse. Blood taken from him at the
time of the first attack was inoculated into a

prison volunteer in U.S.A. and the strain prov-
ed sensitive to chloroquine at the standard
dose, but resistant at a 600 mg. dose (Contacos

et al.. 1963).

CHLOROQUINE _ RESISTANCE IN
'fl-IAILAND Dr. (Mrs.) Harinasuta of the
[.lniversity of Medical Sciences, Bangkok at
the Unesco Syntposium on Scientific Knowledge
of Tropical Parasites in Nov. 1962 gave

clinical case histories of several cases fronl

a



various parts of Thailand which had not res-

ponded normally to chloroquine. There were

one or two relapses after 1,500 mg. chloro-
quine base and in one case given 3,3(X) mg.

it took 7 days for the parasitremia to disappear.

Young et al., (1963) studied a case of P.
falciparum contracted by an Anterican in Thai-
land which had shown poor response to chlttro-
quine and confirmed that the strain was re-

sistant to chloroquine by inoculating it into
prison volunteers in the U.S.A. Alving et al .,

(1963) confirn.red the above findings by ino-
culating the sante strain to volunteers. Mont-
gomery and Eyles (personal Contmunication)
found Cpl. L. a nrenrber of a Commonwealth
Unit who had exposed himself to infection in
Ubon, Thailand in ntid year 1963 returned
to Malaya with a chloroquine-resistant strain
of falciparunr malaria. He was given 2,800
mg. of chloroquine including 400 mg. given
intramuscularly over a five day period. This
is nearly double the standard dose. The para-
site count the day after the start of the treat-
nrent period was 19,255 p.c.ntm. The treat-
nrent did not clear the infection. The nunt-
ber of trophozoites dropped to 132 p.c.mm.
and then immediately rose into the thousands.
The patient was fever-free only for four days.

Quinine was finally used to terntinate the
infection.

CHLOROQUINE RESISTANCE IN
VIETNAM - Powell et al., (1963) have stu-
died a strain of falciparum malaria contracted
by an American in S. Vietnam near Nha Trang.
He relapsed after each treatment with chloro-
quine and inoculation into prison volunteers
in U.S.A. confirnred that the strain was resis-
tant to chloroquine.

Amodiaquine

Edeson et al., (1955) had established that
amodiaquine (Camoquin) was effective in cur-
ing all 187 patients with falciparum lnalaria
in the Tanrpin area with a single dose of 300
to 600 mg. They obtained good results with
a sinrilar dose against vivax malaria also.

RESISTANCE TO AMODIAQUINE IN
MALAYA - Cross resistance to amodiaquine
is to be expected of strains of malaria para-
sites resistant to the closely related chloroquine.
Montgomery and Eyles (1963b) selected four
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cases of New Zealand troops who had con-
tracted the chloroquine-resistant strains of P.
falciparum in Perlis and kept them under ob-
servation in the British Military Hospital at
Kinrara. All four patients had previously
relapsed after treatment with chloroquine and
were having their first relapse except one
whose relapse was the second. Two of these
relapse cases had been treated with pyrime-
thamine without success and another of these

had received 1,500 mg. proguanil without mark-
ed effect. Three of the four cases received 2,000
mg. of amodiaquine over a four-day period
and one received 3,2(X) nrg. One failed to
clear, two relapsed in l0 to l5 days and the
other one that had received the higher dose
of anrodiaquine and the proguanil treatment
did not relapse.

Alving et ul., ( 1963) showed that the
Malayan chlclroquine-resistant strain trans-
mitted to a prison volunteer in U.S.A. showed
only a partial temporary response to amodia-
quine (Camoquin) in 1,400 mg. dose.

BIGUANIDES

Proguanil (Paludrine)

RESISTANCE TO PROGUANIL IN
MALAYA - Edeson and Field (1950) show-
ed that whereas naturally acquired falciparunr
malaria in the Tampin area was effectively
treated with a single proguanil dose of l(X) nrg.

in 1947 and early I 948, it began t<t show re-
sistance towards the end of 1948 and in the
early months of 1949. In April, 1949 cante
the first failr.rre after a standarrd proguanil
course of 3(X) ms. dailv for 7 to l0 days and
there has been a steady increase in the num-
ber of cases that resisted proguanil. Wilson,
Munro and Richard (1952) working in the
same area reported fresh infections of falci-
parum malaria late in the year 1950 and in
l95l among British troops on an official sup-
pressive dosage of l(X) mg. of proguanil daily.

Walker and Reid (1953) showed that
ganretocytes of a proquanil-resistant strain of
P. falciparum readily infected mosquitoes while
daily doses of 100 mg. proguanil were still be-
ing taken; and also that daily doses of lt)0
mg. started 3 days before infective bites and
continued for l0 days thereafter did not pre-
vent the onset of falciparum malaria in the

A. A. SANDOSHAM, DON E. EYLES & R. MONTGOMERY
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recipient on the llth-l2th day. Laing (1956)
produced evidence that naturally acquired
proguanil-resistant infections of P. falciparum
in the Tampin area of Malaya could readily
infect mosquitoes and complete the sporogonic
cycle while gametocytes were exposed to
therapeutic doses of proguanil. He maintain-
ed that continued use of proguanil as a sup-
pressive drug in preference to other antimalaria
drugs in Malaya would appear to have an
element of uncertainty. The British troops in
Malaya have continued to rely on proguanil
as the prophylactic drug.

Field er ql., (1954) pointed out that the
Tanrpin District was not the only area with
proguanil-resistant strains because when they
started pro-uuanil treatment in Kuala Lumpur
in I 951 resistant falciparum infections were
soon found there also and that the condition
has since been found wherever it has been
looked for in Malaya.

Presunrably, proguanil was inellective as

a suppressant of both the chloroquine-resistant
and susceptible strains of P. falciparum in
Conrmonwealth troops exposed in North Perlis.
In view of the fact that the troops were on
proguanil prophylaxis at 200 mg. daily at the
time of exposure it is justifiable to assume that
there were strains of malaria parasites in N.
Perlis which were resistant to proguanil.
Montgomery and Eyles (1963b) gave one of
the patients with chloroquine-resistant falci-
parunr nralaria 1,500 mg. (300 mg. per day for
5 days) proguanil. There was only a lowering
of parasite count at the end of eight days after
conrnlencerrrent of treatnrent. Anopheles macu-
latus fed on a patient after proguanil treat-
nrent developed sporozt'rites nornrally whereas
Mackerras and Ercole (1911) had shown that
in pro-uuanil sensitive strains the ntaturation of
sporozoites was prevented. Contacos et al.,
(1963) found all three chloroquine-resistant
Malayan strains transferred to prison volun-
teers in U.S.A. were also resistant to proguanil.

RESISTANCE TO PROGL]ANIL IN
CAMBODIA - Contacos et al., (1963) tested
one of the cl-rloroquine-resistant falciparunr
strains from Cambodia transnritted to prison
volunteers in U.S.A. and found it resistant til
proguanil as well.

RESISTANCE TO PROGUANIL IN
THAILAND - Young et al., (1963) found the

chloroquine-resistant falciparum malaria trans-
mitted to prison volunteers in U.S.A. also re-
sistant to proguanil. Alving et al., (1963) using
the same strain as above and another fronr
Thailand in volunteers in U.S.A. were able to
obtain only tenporary therapeutic effect with
2,610 mg. proguanil base.

RESISTANCE TO PROGUANIL IN
VIETNAM - Powell et al., (1963) found the
chloroquine-resistant falciparum malaria trans-
nritted to three volunteers in U.S.A. also resis-
tant to proguanil in dosage of 2,610 mg. base.

RESIST'ANCE TO PROGUANIL IN
OTHER PARTS OF S.E. ASIA - According
to the W.H.O. report (1961) of a technical
meeting on chenrotherapy of nralaria, resistance
to proguanil in falciparum malaria has been
reported in local strains in Indonesia, Assam,
New Cuinea and Vietnam.

MEPACRINE

Field (1938) reported that in 560 cases

of uncomplicated acute malaria treated in
Kuala Lumpur either by oral atebrin or oral
quinine atebrin had a slower action than
quinine in falciparum malaria but had a nlore
rapid action than quinine in vivax malaria.
Wilson and Edeson (1958) found oral mepacrine
to be less effective than oral chloroquine or
amodiaquine. It was less rapid in its effect
on heavy falciparum infections, and less reli-
able as a single dose treatment. No authen-
ticated case of resistance to mepacrine has
been reported in Malaya.

RESISTANCE TO MEPACRINE IN
MALAYA - In a series of seven cases of
chloroquine-resistant falciparunr nralaria treat-
ed with mepacrine Montgomery and Eyles
(1963b) found that all relapsed after regimens
ranging from 3,l00 to 4,200 mg. over a period
of 6 to 8 days. The mean time for clearance
of parasites was 5.1 days after treatnrent and
the mean time for recurrence was l2.9 days.
The mean plasma level for 5 cases at tinre
of relapse was 76 p"gllitre ranging f rom 3l
to 180 pgllitre. Contacos et al., (1963) found
that of the two strains (both fronr New Zea-
land) of chloroquine-resistant falciparunr n.ra-

laria transmitted to prison volunteers in U.S.A.
()ne was susceptible and the other resistant t<'r

nrepacrine.

I



RESISTANCE 'IO MEPACRINE, IN
CAMBODIA - Contacos et al., (1963) rested
one of the chloroquine-resistant falciparum
strains from Cambodia transmitted to a prison
volunteer in U.S.A. and found it resistant to
mepacrine as well.

RESISTANCE TO MEPACRINE IN
THAILAND - Young et al., (1963) found
that the chloroquine-resistant strains of falci-
parum malaria from Thailand transmitted to
prison volunteers in U.S.A. relapsed after 2,800
mg. of mepacrine. Alving et al., (1963) using
the same strain as above and another from
Thailand in volunteers in U.S.A. were able to
obtain only temporary therapeutic effects after
2,198 mg. of atebrin.

RESISTANCE TO MEPACRINE IN
VIETNAM - Powell et al., (1963) found thar
the chloroquine-resistant strains of falciparun-l
malaria from S. Vietnam transmitted to pri-
sor.r volunteers in U.S.A. showed only temporary
therapeutic effect after a dosage of 2,198 mg.

Pyrimethamine

Wilson and Edeson (1953) treared 126
Asian patients from Tampin and Kuala Lunt-
pur areas suffering from acute malaria with
pyrimethamine and concluded that it was un-
suitable for use against Malayan strains. This
drug has therefore not been used much in
Malaya. It was found that the response to
pyrimethamine was not affected by P. falci-
parum strains having become resistant to
proguanil.

RESISTANCE TO PYRIMETHAMINE
IN MALAYA Montgomery and Eyles
(1963b) treated four cases of chloroquine-
resistant falciparunt malaria with 1,500 mg. of
pyrimethamine over 3 days. In two cases the
parasite count was not materially altered. ln
one case the count increased while the patient
was under treatment and in the fourth only
a slight lowering of the parasite count was
produced. Confirmation of resistance tt'r
pyrimethamine was obtained by experintents
which showed the development of mature
sporozoites in Anopheles maculatus since Shute
and Maryon (1954) had shown that such
development did not occur with susceptible
strains. Contacos et sl., (1963) found that of
the three strains of chloroquine-resistant falci-
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parum malaria transmitted to prison volun-
leers one was susceptible to pyrimethamine
while the other two were resistant.

RESISTANCE TO PYRIMETHAMINE
IN CAMBODIA - Contacos et al., (1963)
found that the chloroquine-resistant falciparum
n-ralaria strains from Cambodia tested in pri-
son volunteers in U.S.A. was resistant to
pyrimethamine as well.

RESISTANCE TO PYRIMETHAMINE
lN THAILAND - Young et al., (1963) fotnd
that the chloroquine-resistant falciparum
malaria strain from Thailand in the American
patient who had contracted it there and in
the prison volunteers in U.S.A. was resistant
to pyrimethamine as well in dosage of 100
mg. The parasites failed to clear at all or
actually increased in numbers within 48 hours
of administration of the drug. It failed to
exert a sporonticidal effect and both the sexual
and asexual parasites were resistant to pyrime-
thanrine. Alving et al., (1963) using the same
strain as above and another from Thailand in
volunteers in U.S.A. had no effects in one case
and only temporary effects in 4 cases after
150 mg. daraprim.

RESISTANCE TO PYRIMETHAMTNE
lN VIETNAM - Powell et al., (1963) found
that the chloroquine-resistant falciparum ma-
laria strain from S. Vietnan.r transferred to
prison volunteers in U.S.A. was susceptible to
pvrirnethamine, all 8 cases lreated with 150
mg. being radically cured.

RESISTANCE TO PYRIMETHAMINE
lN NEW GUINEA - Meuwissen, J.H.E.T.
(1961) showed that three nronths after the
initiation of a test project wherein pyrime-
thaminised salt was distributed among the
population of West lrian (New Guinea). P.
falciparum appeared to have developed re-
sistance to pyrimethamine. This strain was
also cross resistant to proguanil.

Quinine

Quinine has been used extensively before
Worlcl War I and Fletcher (1928) investigated
a number of so-called quinine-resistant cases
of malaria and showed that the resistance was
apparent and not real. In most cases the
quinine was not swallowed or was vomited.

A, A. SANDOSHAM, DON E. EYLES & R. MONTGOMERY
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RESPONSE TO QUININE IN MALAYA

- Montgomery and Eyles (I963b) found
quinine entirely satisfactory in 20 cases of
chioroquine-resistant falciparunt malaria, nrost-

ly given 20 gm. over l0 days. Contacos cl r.r1.,

(1963) found all 3 chloroquine-resistant falci-
parum strains transferred to prison volunteers
in U.S.A. sensitive to quinine. Alving et r.r1.,

(1963) found that the chloroquine-resistant
falciparum n.ralaria strain from Malaya trans-
ferred to a prison volunteer in U.S.A. was

sensitive to quinine, a radical cure being ob-
tained after 162() mg. quinine base daily for
7 days.

RESPONSE TO QUININE IN CAN4

BODIA - C<tntacos et ul., (1963) found all
three strains of chloroquine-resistant falciparum
nralaria transferred to prison volunteers in
U.S.A. were sensitive to qLlinine.

RESPONSE, TO QUININE IN ]'HAT-
LAND - Young et al., (1963) found that the

chloroquine-resistant falciparunr nlalaria strain
f rom Thailand transferred to prison volun-
teers in U.S.A. proved susceptible to quinine.
All the infections treated with 8 or more gnl.
of quinine, given at the rate of 2 gnr. daily,
and I or 2 infections treated with 6 gnl. total,
appeared to be eradicated. Smaller doses of
quinine exerted a rapid ten.rporary effect. Alv-
ing et al ., (1963) using the same strain as above
and another from Thailand had similar results
with quinine.

RESISTANCE TO QUININE I]'J VIET
NAM - Powell et ul., (.1963) found that only
in two out of four volunteers inoculated with
thc chloroquine-resistant falciparunt nlalaria
fronr \/ietnanr could radical cure be achieved

after uiving 1620 gnr. quinine base daily for
seven days.

Discussion

The existence of chloroquine-resistant
falciparum malaria has been firmly establish-
ed over an extensive area of South-East Asia
including the countries of Vietnanl, Canlbodia,
Thailand and Malaya. ln the latter country,
the resistant strains are known only fronl the
area of the Thailand border. The exact ex-

tent of the distribution of the strains is not
known in the other countries, except that in

Thailand Harinasuta has studied patients
whose infections failed to respond to chloro-
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quine from areas East, North and Southwest
from Bangkoi<.

Further work will be necessary to deter-
mine the actual extent of the problenl, and

this points to the necessity of stating clearly
criteria adequate for the recognition of the

resistance. Obviously, the chloroquine resis-

tance, which has been shown to exist so clearly
could not have been recognised had not the
varir:rus investigators really had criteria in
nrind. On the other hand, most of these in-
vestigators had wide experience with malaria
and were either engaged in research or had

access to advice fronr labclratories conducting
research. Criteria nrust be established that
will enable the ntalariologist or physician who
is not so fortunately located to recognise the
resistance. They nrust be rigid, so that undue
alarrn will not be caused by incorrect evalua-
tion. On the other hand, they ntust be suffi-
ciently practical to allow recognition as the
resistance does present a dangerous problenl
which must be detected where it exists so that
remedial measures may be taken.

The detection of chloroquine resistance'

and the establishing of criteria has been the
subject of another paper on this programme
and need not be discussed further at this tinre.
It should be pointed out, however, that at the
time the resistance of falciparum malaria to
chloroquine was noted there were no labora-
tories in the S.E. Asian region performing the
tests for the estintation of plasma chloroquine
levels. Il- is to be hoped that facilities for
doing the tests will be developed and made
available for workers throughout the region.
It should also be noted that Malaya was
particularly fortunate in that clearance studies
of chloroquine-sensitive strains had been made
and were available for contparison. It would
be desirable for more studies of this type to
be done in S.E. Asia for possible future
reference.

In light of the existence of chloroquine
resistance, the failure of the strains to respond
to antociiaquine is not surprising. A similar
nrode of action would be expectcd for the
drugs as they are closely related. Likewise,
it is probable that a similarity of mode of ac-
tion is involved in tlte mepacrine resislance.

The resistance to proguanil is undoubtedly



unrelated and is presumably due to the wide-
spread use of this drug in S.E. Asia. Possibly
the pyrimethamine resistance represents a

cross-resistance to proguanil, or in some areas
perhaps to the use of pyrimethamine. This
problenr has been recognised for many years,
so further discussion is unnecessary.

The implications of the widespread exist-
ence of drug-resistant falciparum malaria are
great. In the first place, the cases of highest
resistance pose a danger to life as in the case
of Cpl. L. of a Commonwealth Unit, exposed
to infection in Thailand, described earlier by
Montgomery and Eyles. This patient was un-
der close medical supervision. It is easy to
visualise tragic results had not supervision been
close. This is a clear instance of a dose near-
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ly double the standard failing to clear parasites
and alleviating symptoms only temporarily.

The resistance to chloroquine also poses a
problem in the use of drugs in malaria eradica-
tion programmes in areas where the resistance
exists. The cross resistance to related drugs
and the coincident resistance to others makes
the problem nrore serious and points toward
the necessity of continuing the research for
new and better antimalarial drugs. Certainly
the mass treatment with 600 mg. of chloro-
quine frequently advocated would have little
more than a temporary effect as the studies
in a semi-immune population in Perlis showed
that the majority of persons given this dosage
soon had recurrence of parasitrmia if the para-
sites were cleared at all.

A. A. SANDOSHAM, DON E. EYLES & R. MONTGOMERY
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The fact that chloroquine resistance was
first seen in non-immune persons was probably
not due to their immune status but to the
I'act that these persons returned to non-nralari-
ous areas where the recurrences and the failures
1o clear stood out in sharp relief, since rein-
fection was not possible.

The cause of the chloroquine resistance is

not known. The use of chloroquine is so wide-
spread that exposure to the drug nright be

the explanation, but in Malaya its emergence
would not have been expected in rural Perlis
where nredical care is not nearly so readily
available as near sonre of the larger centers.

A fascinating coincidence is that the prin-
cipal mosquito vector in most if not all of the
localities in S.E. Asia from which chloroquine
resistance is known is Anopheles balabacensis
balabacensis. Whether or not this is of signi-
ficance is not known, and it must be acknow-
ledged that a hypothesis to explain a connec-
tion is difficult 1o conceive.

Sumnrary

The developnrent of resistance of falci-
parunr nralaria to proguanil was recognised
in Malaya about fifteen years ago. lt has
been reported 1o occur in several ttther parts
of S.E. Asia.

Pyrimethanrine-resistant strains of P.
falciparum have been reported from many
parts of the world and the drug has not been
used nruch in S.E. Asia. The use of the drug
in a nredicated salt project in New Guinea and
possibly also in Cambodia induced resistance
to it; this New Guinea pyrinrethamine-resistant
strain showed cross resistance to proguanil.

Strains of falciparum malaria resistant to
chloroquine (see Fig. V) have been shown to
exist in N. Malaya, Cambodia, T'hailand and
S. Vietnam. lf the existence of chloroquine-
resistant falciparum malaria is not recognised
the patient's life may be endangered. Chloro-
quine-resistance is associated with cross re-
sistance to some of the other antintalarials and
nralaria eradication progranrnres ntay be ad-
\/ersely allected.

Chkrroquine-resistant falciparunt nralaria
could be expected to show cross resistance to
the clrernically allied antodiaquine. This was

shown to be so in the Malayan strains.
Chloroquine-resistant strains of falciparunt
nralaria from Malal,a, Cambodia, Thailand
and S. Vietnam also proved to be resistant to
proguanil, nrepacrine and pvrimethantine.
Generally, the chloroquine-resistant falciparunt
malaria strains have proved sensitive to
quinine; the S. Vietnanr strain however was
refractory to quinine in two out of the four
cases tested.
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