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Studies on Chloroquine-Resistance of
Plasmodium falciparum in Upper Volta

and Liberia, West Africa*
G. M. JEFFERY' & F. D. GIBSON 2

The emergence of strains of Plasmodium falciparum resistant to normal dosages of
chloroquine or other 4-aminoquinolines has caused concern in a number of malarious areas.
Well-documented reports have confirmed this resistance in wide areas of South-East Asia
and in some areas of South America. Occasional reports have been receivedfrom parts of
West Africa, and the present investigation sought to clarify the situation in two areas,
Ouagadougou, Upper Volta, and Kpain, Liberia, from which such reports had emanated.
Studies were carried out to determine the sensitivity of local strains of P. falciparum to
chloroquine. The results, based on the rapidity of parasite clearance, indicated a normal
sensitivity in the cases treated. Although it is concluded that strains of P. falciparum with
significant resistance to chloroquine are not at present a problem in the areas concerned,
a watch should be kept for the possible future emergence of this problem.

Reports of strains of Plasmodium falciparumn re-
sistant to normal suppressive or therapeutic dosages
of chloroquine have led to the investigation of res-
ponse to the drug in affected areas of Liberia and
Upper Volta. Methods for determining the sensi-
tivity of strains of plasmodia to the drug were oul-
lined in the report of the WHO Scientific Group on
Resistance of Malaria Parasites to Drugs (1965).
The procedures and results of the studies in the two
areas will be considered separately.

UPPER VOLTA

Background
The first report of possible chloroquine-resistance

in Upper Volta was made in March 1964 in a com-
munication to WHO from Ouagadougou. This
observation mentioned an apparent failure of chloro-
quine therapy in acute P. falciparum infections in
children. A revised version of this paper has since
been published (Lasch & N'Guyen, 1965) that quotes
an increased number of cases of apparent resistance.

* This investigation was sponsored by the World Health
Organization and was carried out during Dr Jeffery's service
as a Temporary Adviser to the Organization.

1 Acting Chief, Laboratory of Parasite Chemotherapy,
National Institute of Allergy and Infectious Diseases,
National Institutes of Health, Bethesda, Md., USA.

2 Scientist, World Health Organization.

In October and November 1964, a WHO consultant
visited Upper Volta to investigate the evidence for
the alleged chloroquine-resistance. The results of
this investigation were inconclusive; at that time
there was no opportunity to carry out field tests.
-The current investigation was carried out in Sep-
tember and October 1965 and followed in general the
procedures recommended by the WHO Scientific
Group on Resistance of Malaria Parasites to Drugs
(1965).

Methods

Three general population groups were selected for
study. The first included children and resident em-
ployees of the Assemblee de Dieu Mission located
about a kilometre north of the city limits of Ouaga-
dougou; of the 59 members of this group, most were
children between the ages of 4 and 16 years, but some
adults (17 years and over) were included. The age
distribution is shown in Table 1. The second group
was from a residential area adjacent to the Mission
and again consisted mostly of children 1-15 years of
age (Table 1); 12 of the 39 in the group were 18 years
of age or older. The third group was made up of 39
children, 4-12 years of age, from a leprosarium ad-
jacent to the Service des grandes Endemies within
the city limits of Ouagadougou.
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TABLE 1
AGE AND SEX DISTRIBUTION OF P. FALCIPARUM INFECTIONS IN OUAGADOUGOU, UPPER VOLTA

Population group

Age Assembl4edeDieumission
(years) No. examined a Infected

;M F T No. I%

1

2

4

5

6

7

8

9

10

11

12

13

14

15

16

17+

0

2

1

0

3

2

3

3

4

14

Total 35

2

0

0

2

2

5 5

1 2

2 3

2 5

2 4

0 3

3 4

2 5

2 6

3 j17

24 59

0

0

4

2

2

3 b

2

3

0

4

6

28

0

0

100

80

100

67

60

50

100

0

20

67

35

47.

Residential area Leprosarium

No. examined a Infected No. examined a Infected

M F T No. %M F T No. %

0 1 1 1 100

1 3 4 3 75

3 0 3 2 67

1 1 2 2 100 1 0 1 0 0

4 0 4 3 75 5 5 10 6 60

3 3 6 3 50

1 1 2 2 i100 9 2 11 5 45

1 2 3 3 100

1 1 2 2 100 0 1 1 1 100

0 2 2 2 100 2 0 2 1 50

' 1 1 100 1 0 1 0 0

2 2 4 1 25

2

1

2

5 16

2

10

23

3

3

12

39

3

8

30

33

100

67

76.9 24 15 39 20 51.3

Over-all

No. examined a Infected

M FI T No. %

0 1: 1 1 2100

3

2

11

4

10

2

3

4

4

3

3

4

4

16

3

0

3

5

3

3

7

3

4

3

4

0

4

4

2

13

4

3

5

16

7

13

8

5

7

7

8

3

7

8

6

29

75 62 137

3

2

2

9

4

7

7

5

5

4

3

3

4

4

14

78

75

67

40

56

57

54

88

100

71

57

38

100

14

50

67

48

56.9

a M = male; F = female; T = total. b One male with mixed infection.

Malaria diagnosis. Thick and thin blood films were
obtained daily by finger puncture from all subjects
available. Films were stained by a standard Giemsa
method and all were examined for malaria parasites
by one or other member of the team.
A rough estimate of parasite count was made in

each positive blood film by recording the number of
asexual parasites seen per 1000 leucocytes. These
counts were further converted to approximate num-

bers per mm3 of blood by using a standard factor
of 8, considering 8000 per mm3 as an average accep-
table count of leucocytes. A full 1000 leucocytes
were counted during the parasite counts, except where
parasite densities were high and a reasonably accurate
count could be obtained in a smaller area of the thick
film. In post-treatment blood films, larger areas of
the thick film were usually examined to confirm
negative findings.

Treatment. All subjects were treated on the first
day of observation, prior to the examination of initial
blood films for malaria infection. All subjects were

weighed and the dosage of chloroquine base estimated
as nearly as possible to the desired 10 mg/kg body-
weight. The drug was administered orally, followed
by water ad libitum. Consumption of the drug was

checked in every case by thorough visual inspection.
The drug was given in two forms: successive groups of
10 subjects received either chloroquine disphosphate,
supplied by WHO, or chloroquine sulfate (Niva-
quine) acquired from a local commercial source,

so that about half of the total treatments, more or

less randomly selected, were with each drug. The
drug was accepted and consumed without difficulty,
with two exceptions: a 1/2-year-old child regurgi-
tated most of the drug immediately it was given
and a 2 /2-year-old child persistently spat back
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TABLE 2
CLEARANCE OF PARASITES AFTER CHLOROQUINE TREATMENT

IN RELATION TO INITIAL PARASITE DENSITY (OUAGADOUGOU, UPPER VOLTA)

Days after treatment to first negative blood film

f2t3 3 (2) a _4(3) a

No. of cases 24 17 9 6 6

Parasitaemias
(per mm3 blood)

Range 8 - 240 8 - 2 160 96 - 22 400 96 - 17 280 720 - 33 600

Mean 37 421 5 291 6 036 8 453

Median 16 100 2 880 880 1640

a Numbers in parentheses indicate days on which prior examination was impossible.

the drug. In these cases, as well as in several others
in this age-group, the drug was crushed and
suspended in water and given by spoon. No liquid
paediatric formulation of the drug was available
for use.
One piece of hard candy was given to each subject

after treatment, as well as on each day that he re-
turned for the taking of blood samples. In these
population groups this practice appeared to ensure
return for the required number of days.

Urinary excretion test. Urine specimens were col-
lected from each subject prior to treatment and_
usually two days after treatment; only rarely was
post-treatment collection made three or four days
after treatment. The urine was tested for the pre-
sence of chloroquine by the Wilson & Edeson (1954)
test. Personal supervision of the collection of urine
was not possible in most cases. However, it was felt
that such collection provided a reliable sample, since
there was no apparent reluctance on the part of these
population groups to submit specimens.

Results
Prevalence of malaria. Table 1 summarizes the

occurrence of subjects positive for malaria in the
groups surveyed. Of a total of 78 positive indi-
viduals, all were infected with Plasmodiumfakiparum
and only a single case appeared to be a mixed infection
with P. malariae or P. ovale (the species could not be
determined in the thick film). In eight of the P. falci-
parum infections, only gametocytes were seen.

Response to chloroquine treatment. A total of 65
subjects with P. falciparum infection could be fol-
lowed sufficiently after treatment to determine the

elimination of parasitaemias. In all cases parasites
had disappeared from the peripheral blood by day 5
at the latest, the usual time required for such elimi-
nation being three days or less. In 15 cases, in-
terruption of daily observations by an absence of one
to three days prevented exact information being
obtained on the first negative day. Table 2 summa-
rizes the observations in 62 subjects on the first
negative day after treatment, in relation to initial
parasite densities. It can be seen that, in all cases
followed without interruption, parasitaemias were
eliminated by day 3 after treatment. In the 15 cases
where absence of subjects prevented exact infor-
mation being obtained on the first negative day, six
subjects had no parasites on day 3 after being absent
on day 2 and six had no parasites on day 4 after being
absent on day 3 (Table 2). The remaining three cases
were negative on day 2 after one day of absence,
negative on day 4 after two days of absence and
negative on day 5 after three days of absence.
Most of the subjects with parasitaemias in excess

of 1000 per mm3 required three days or more for
elimination of these parasitaemias; in two cases
(1040 and 2160 per mm3) parasites were eliminated
by day 2 after treatment. There appeared to be no
difference in response to the two formulations of
chloroquine used.

Urinary excretion of chloroquine. One hundred
and two pre-treatment and post-treatment urinary
excretion tests were completed, including both in-
fected and non-infected subjects. No positive re-
actions were seen before drug administration. Of
85 samples collected two days after treatment, 84
gave a positive result in the test for chloroquine.
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The one negative result was given by a questionable
sample that had obviously been diluted with a large
amount of water; it was acquired from a subject with
a parasitaemia (1120 per mm3) that was eliminated
by day 3 after treatment. Of 11 samples collected on
day 3 after treatment, 10 were positive for chloro-
quine. The single exception gave a questionable
negative result that could not be explained: the donor
was a 5-year-old male with a relatively high para-
sitaemia (33 600 per mm3), which was eliminated by
the third post-treatment day. Six samples collected
on day 4 after treatment were all positive for chloro-
quine.

Disecussion and conclusions

The P. falciparum infections treated with a single
IO mg/kg dose of chloroquine appeared to respond
normally to the drug. About 65% were cleared of
parasitaemias by the second day after treatment, and
virtually all were cleared by the third day. Previous
experience with chloroquine treatment of sensitive
strains of P. falciparum indicates this to be essen-
tially a normal clearance rate (Jeffery, Young &
Eyles, 1956). In 20 cases treated during later
(asymptomatic) stages of the infection, parasitaemias
ranging from 10 to 1020 per mm3 were cleared in
one to three days. Treatment of 32 cases during the
earlier symptomatic period (parasitaemias ranging
from 96 to 203 040 per mm3) required two to six
days for clearance of parasites.
Thus the present studies failed to show any signi-

ficant degree of resistance of the parasites to chloro-
quine. It might be that the groups studied were
principally made up of semi-immune individuals
who did not offer an undue challenge to the drug.
No young infants or other classes of non-immune
persons with fulminating parasitological attacks were
included in our groups, and the possibility exists that
a less than normal degree of drug sensitivity may
become apparent during the treatment of such cases.
Although treatment of non-immune adults with
chloroquine has been fairly widely reported, there
appears to be little information of the normal res-
ponse to chloroquine treatment in infants with acute
infections with P. falciparunm strains known to be
drug-sensitive.

LIBERIA

Background
The first report of" non-response " of P.falciparum

infection to standard chloroquine treatment in the
Kpain area was submitted to WHO in Sep-

tember 1964. Treatment of 52 patients with P. falci-
parum malaria apparently resulted in failure to
clear infection in a single patient. In February and
March 1965, further investigations into chloroquine-
resistance were carried out in the Kpain area. Again
it was reported that chloroquine failed in all cases
treated. During May and June 1965, further field
trials by another investigator were conducted to
reassess the response to chloroquine in this area.
Normal sensitivity to chloroquine was found in all
48 subjects tested.

In view of the contradictory observations reported
from this area of Liberia, it was thought advisable
to undertake an additional survey of the response of
P. falciparum to chloroquine.
The area studied was in and near Kpain, about

256 km by road north of Monrovia. The WHO
Malaria Field Station was used as a base of ope-
rations, where laboratory facilities, transport and
appropriate personnel were provided.

Methods

Two population groups were selected for study.
The first included 190 children from the Kpain-town
public schools, most of whom were between 6 and
16 years old; a few were 17 to 19 years of age
(Table 3). The second group was drawn from the
Tunadee public school, located about 5 km east of
Kpain. The portion of this group utilized in the
treatment experiment included 86 children between
the ages of 8 and 15 years.
A third small group of patients was selected from

young children reporting for diagnosis and treat-
ment of malaria attacks. Nine such children were
included, ranging in age from 9 months to 5 years.
The age distribution of the school populations

studied is shown in Table 3.

Malaria diagnosis. Diagnosis of malaria and
estimation of parasite counts were made by the
methods used in the Upper Volta study. Because
school populations were studied, it was not possible
to obtain blood films over the weekend. In some
cases this prevented the collection of sufficient data
to determine the rapidity of parasite reduction after
treatment.

Treatment. Initial blood films on each subject were
examined on the day of collection and children found
positive for P. falciparum were treated the following
day. All subjects to be treated were weighed and the
dosage of chloroquine base was estimated as nearly
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TABLE 3
AGE AND SEX DISTRIBUTION OF P. FALCIPARUM INFECTIONS IN KPAIN, LIBERIA

Kpain School

No. examined a Infected

M F T No. %

3

g

I
9

6

10

10

24

13

9

3

3

3

3

Total 99

0

5

6

8

3

7

3

5

3

5

1
0

0

0

0

46

O

7

17

9

17

13

29

16

14

4

3

3

3

145

1

3
1

3

2

13

5

4

2

40

100

13

14

18

18

15

45

31

29

50

33

33

33

100

Population group

Tunadee School

No. examined a

M F T|
II

4

7

4

18
1616

14
14
18

27.7 72

0

2

2

3

1

2

3

14

6

9

7

19

18

17

9

Infected

No. %

0

1

3

3

11

10

10

3

86 41

a M = male; F = female; T = total.

as possible to the desired 10 mg/kg body-weight. The
drug was administered orally, followed by water ad
libitum. Consumption of the drug was checked in
every case by thorough visual inspection. The drug
was given as the diphosphate; the tablets, containing
150 mg of base, were halved or quartered to provide
the desired dosage. For the children under 3 years

old, the tablets were crushed and administered in
water with a standard medicating spoon. Candy was

distributed after treatment and on each occasion when
the subject provided a blood sample. However, in
school populations this did not seem to be essential
in ensuring continued co-operation, although it was
always welcome.

Urinary excretion test. Urine specimens were col-
lected from each subject prior to treatment and
usually two days after treatment; occasionally the
post-treatment collection was made three to five days
after treatment. The specimens were tested for
chloroquine by the Wilson & Edeson (1954) method.

Results

Prevalence of malaria. Table 3 summarizes the
occurrence of P. falciparum infection in the school
groups surveyed. Only a single infection was diag-
nosed by gametocytes only; in all others, asexual
parasites were present. In 10 of the P. falciparum
infections, parasites of P. malariae were also seen.

Additionally, 14 infections of P. malariae were diag-
nosed, giving a total of 24 P. malariae infections in
the 231 subjects examined (10.4%). Of the total of
76 subjects with asexual parasitaemias, 18 had esti-
mated parasite densities in excess of 1000 per mm3
of blood.
An additional group of 44 subjects was examined

from one classroom in the Kpain town school, but
the age and sex of non-infected individuals were not
recorded. In this group there were eight P.falciparum
infections, two of which were mixed infections with
P. malariae; there were also two pure P. malariae
infections.

Over-all

No. examined a Infected

No. %

Age
(years)

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

M

3

10

10

17

14

42

29

23

11

3

3

3

F

0

5

6

8

5

9

6

6

5

8

2

0

0

0

0

T

8

7

18

15

6

20

48

34

31

13

3

3

3

1

231

0

17

33

43

58

56

59

33

47.7

100

13

14

17

13

23

25

50

44

45

38

33

33

33

100

35.1

1

3

2

6

5

24

15

14

5

81-171 60
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TABLE 4
CLEARANCE OF PARASITES AFTER CHLOROQUINE TREATMENT IN RELATION TO INITIAL

PARASITE DENSITY (KPAIN, LIBERIA)

Days after treatment to first negative blood film

No. of cases

Parasitaemias
(per mm3 blood)

Range

Mean

Median

a Numbers in parentheses indicate days on which prior examination was impossible.

Response to chloroquine treatment. A total of 72
subjects with P. falciparum infections could be fol-
lowed sufficiently after treatment to determine the
elimination of parasitaemias. In all cases but one,

parasites had disappeared from the peripheral blood
by day 5 at the latest, the usual time required for
such elimination being three days or less. The single
exception was a subject negative on day 6 after treat-
ment, but who had been absent from the examination
on the previous two days. Similar interruption of
daily observations by absences of one to three days
prevented exact information being obtained about
the first negative day in 22 cases. Table 4 summarizes
the observations on the first negative day in relation
to initial parasite densities. It can be seen that, in
all cases followed without interruption, parasit-
aemias were eliminated by day 4 after treatment. In
the remaining cases, it is very likely that parasit-
aemias were usually eliminated earlier than the actual
day recorded.
Most of the cases with parasitaemias in excess of

1000 per mm3 required three days or more for eli-
mination of the parasites. However, four such para-

sitaemias (1040 to 6880 per mm3) were eliminated by
day 2 and one (2080 per mm3) by day 1 after treat-
ment.

Perhaps ofspecial interest are the nine P.fakiparum
infections in young children who were reporting
for treatment. These cases are presented in detail
in Table 5, with one additional case in a clinically
ill 5-year-old boy (No. 85) included in one of the
school groups. It was possible to follow eight of
the ten patients sufficiently long to determine the

first negative day, which in all cases but one was

three days after treatment; the exception was negative
on day 4. Two of the subjects (No. 282 and 285)
failed to appear for blood sampling on or after days
4 and 3, respectively; however, the rate of reduction
in parasite densities during the period of observation
indicated that in these cases, as in the others, the
parasite strain had normal sensitivity to chloroquine.
The presence of negative urine tests in one of these
(No. 282) was puzzling, in view of the reduction in
parasitaemia, but the origin of the urine specimens
could not be verified, and it was thought likely that
in each instance the mother of this 9-month-old child
might have provided the specimen, since its collection
was not supervised.

Treatment of 17 infections of P. malariae indicated
a normal response to the drug.

Urinary excretion ofchloroquine. Seventy-five pre-
treatment urinary excretion tests were done on sub-
jects known to be infected with malaria. Only a

single questionably positive result was obtained; all
other specimens were clearly negative for chloro-
quine. Fifty-eight subjects were given post-treatment
tests for chloroquine in the urine; all but four of these
were unquestionably positive for chloroquine. One
of the negatives was unquestionably so and is dis-
cussed above (No. 282, Table 5). The remaining
three gave questionable results, the reactions not
being sufficiently clear-cut to enable the specimens to
be labelled either positive or negative. Post-treatment
collection of most urine specimens took place on day
2 (51 cases), of the remainder on day 3 (four cases) or

day 5 (three cases). In a few cases confirmatory

5 (4, 3) &
5 (4, 3,2) a

13

120 - 1 520

612

400

I
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TABLE 5
EFFECT OF CHLOROQUINE TREATMENT OF P. FALCIPARUM IN YOUNG CHILDREN IN KPAIN, LIBERIA

Patient Dosage of Parasite density (per mm" of blood) on day: Chloroquine in urine

Weight chloroq~uine ____-____-___ Before After
No. Sex Age | base | a 1 2 3 4 treat- treatment(years) lb kg (mg) 1 2ment (day)

192 M 5 40 18 188 8840 1 840 80 0 0 Negative Positive (2)
193 F 2 25 11 113 6 400 4 966 280 0 0 b Positive (2)

194 F 5 44 20 188 6 080 8 000 320 0 0 Negative Positive (2)
195 M 2 31 14 150 12000 2240 440 0 0 b Positive (2)

282 M 3A 19 9 75 3 920 46 000 2 800 80 c b J Negative (I Negative (3)
283 F 2 18 8 75 28800 680 80 0 0 b Positive (3)

284 F 4 40 18 188 14400 13920 400 0 0 Negative Positive (2)Positive (3)
285 M 1 18 8 75 9 200 1 920 40 c c b Positive (2)

286 F 2y2 24 11 113 40000 22160 560 8 0 Negative Positive (3)

85 M 5 40 18 188 21 120 200 8 0 0 Negative Positive (2)Positive (3)

b Not tested. c Patient did not return for further blood tests.

specimens were collected on day 3 if those on day 2
gave equivocal results.

Discussion and conclusions
The P. fakiparum infections treated with a single

10 mg/kg dose of chloroquine responded normally
to the drug. About 50% were cleared of para-
sitaemias by the second day after treatment, and
virtually all were cleared by the third post-treatment
day. Of the cases where the first negative days were
known by examination on the first four post-
treatment days, about 70% were cleared by the
second day after treatment and virtually all by the
third. This appears to be a normal rate of clearance
for strains of P. falciparum normally sensitive to
chloroquine.

The inclusion in the treatment group of a number
of high-density parasitaemias in young children,
with rapid response to the chloroquine treatment,
further confirms the conclusion that the strains of
P. fakiparum encountered had normal sensitivity
to chloroquine.

GENERAL DISCUSSION

It is difficult to reconcile the present findings with
the previous reports of chloroquine-resistance in the

areas under study. The published report from
Ouagadougou (Lasch & N'Guyen, 1965) details the
treatment of 15 children, ranging in age from 3
months to 5 years, and the development or persistence
of the P. falciparum infection in the face of often
massive and long-continued dosages of chloroquine.
These children were clinically ill, often hospitalized
for reasons other than malaria, and were in an age-
group that might qualify them as non-immune.
Under these circumstances the P. fakciparum infection
or the host would provide a much more severe
challenge to the drug than one would ordinarily find
in the semi-immune, relatively healthier populations
included in the current study.

In the light of the published report, it would be
difficult to negate the finding of drug resistance on
the basis of technical error in diagnosis or error in
drug dosage. Confirmation of parasitological find-
ings was not possible because of the non-availa-
bility of the blood films. It is stated that " drugs . . .

were given under the direct supervision of qualified
staff"; this should have avoided the possibility of
underdosage, but the frank admission by the authors
that " cases three and eight received high dosages by
error " tends to weaken this assertion. Moreover, at
the time of the current study the materials and tech-
niques available locally for the preparation of blood

a Day of treatment.
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films suitable for the accurate diagnosis of malaria
infections were inadequate, and it seems likely that
similar problems were encountered in the earlier
investigations. Furthermore, it was obvious that the
conditions existing in the hospital, with a perpetual
overload of patients and a dearth of trained per-
sonnel, were not ideal for such studies.
The fact that at least two of the infections that did

not respond to the chloroquine treatment were
quickly eliminated by amodiaquine alone is puzzling.
It is believed that all other P. falciparum strains
reported as resistant to chloroquine have also shown
cross-resistance to all other 4-aminoquinolines tested.
One should note the relapse of P. falciparum infec-
tions in at least three cases within a very few days
after the rapid removal (three to five days) of
relatively high parasitaemias by the initial treatment.
A very much slower initial response might be ex-
pected in a resistant strain.

It should be pointed out that in the present studies
few of the subjects were followed for as long as nine
days after treatment, so that no information was
collected on possible relapse subsequent to treatment.
Response to the drug was based entirely on the
rapidity of parasite clearance and the possibility of
relapse cannot be ruled out. On the basis of our find-
ings, the statement of Lasch & N'Guyen (1965) that
" there are many cases which react favourably to
chloroquine in the area under study" can certainly
be supported. On the other hand, the presence of
chloroquine-resistance in this area cannot be dis-
missed lightly. Further investigations under closely
controlled conditions in young, clinically ill children
might be in order, and the area should be kept under
surveillance for emergence of this resistance as a
severe problem.
The reports of chloroquine-resistance in the Kpain

area of Liberia are similarly puzzling. Successive
investigations in late 1964 and early 1965 showed
that chloroquine failed to eliminate parasitaemias in
all of 52 and 30 subjects, respectively. Subsequent
inquiry into these findings suggested that the low
parasite densities present after treatment may have
represented artefacts or disintegrated parasites
erroneously diagnosed as persistent viable parasit-
aemias. Blood samples collected from five of the
patients who had been treated and were presumably
resistant were dispatched for subinoculations in
volunteers to Dr John Arnold, Kansas City, Miss.,

USA; none proved infective. Several months later,
blood samples from three of these subjects were
again drawn and similarly inoculated into volunteers;
all produced infections, but, according to Arnold
(personal communication), these appeared to have
normal sensitivity to chloroquine.
A careful experiment by Dr P. G. Lopez-Tello,

WHO Malariologist in Liberia, was carried out in
May 1965 in the Kpain area. Treatment of 48 cases
of P. falciparum infection resulted in rapid clearance
of parasites in 41 and subsequent clearance in the
remainder after further treatment. The test was con-
ducted in accordance with the recommendations of
the WHO Scientific Group on Resistance of Malaria
Parasites to Drugs (1965) and demonstrated the
absence ofresistance ofthe parasite strains to the drug.
The current studies further support this conclusion,

and it is believed that strains of P. falciparum with
significant resistance to chloroquine are not at present
a problem in this area of Liberia.
Confirmed or unconfirmed reports of chloroquine-

resistant P.falciparum infections are always alarming
and should stimulate those responsible for malaria
treatment and control in the areas concerned to an
increased vigilance to detect possible drug failures.
The current absence of widespread chloroquine-
resistance in West Africa is not necessarily reassur-
ing for the future. Such factors as local successes in
the control of malaria transmissio)n, which will pro-
vide larger reservoirs of non-immune people, and
the increased use of drugs (particularly the 4-amino-
quinolines), which may tend to eliminate drug-
sensitive strains, may increase the severity of challenge
to the drug. The well-documented report (Schwend-
ler, 1965) of chloroquine-resistant strains in Ghana
could not be considered alarmist in its conclusions
and comment. It did, however, include some justifi-
able recommendations for the management of chloro-
quine treatment of non-immune persons in West
Africa and the care that should be exercised in the
use of the drug within the indigenous (semi-immune)
populations. The mechanisms or steps leading to the
production or emergence of chloroquine-resistant
malarias have not been elucidated, either experi-
mentally or in the field, but the fact that resistant
plasmodial strains have emerged in certain areas of
South-East Asia and South America dictates caution
in the administration and follow-up of the drug in
other highly endemic areas.
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R,SUMt

L'apparition de souches de Plasmodium falciparum
resistant a des doses suppressives ou therapeutiques
normales de chloroquine ou d'autres amino-4 quinoleines
a ete confirmee dans de vastes regions de I'Asie du
Sud-Est et dans certaines regions de I'Amerique du Sud.
Des rapports provenant de Haute-Volta et du Liberia
ayant signale, dans ces pays, la presence de souches
resistantes a la chloroquine, une enquete a e effectu6e
sur I'action de ce medicament dans les regions affectees.

Les methodes generales de determination de la sensibi-
lite des souches au medicament ont et6 decrites dans le
rapport du Groupe scientifique OMS sur la Resistance des
Parasites du Paludisme aux Medicaments (1965). L'en-
quete a porte sur 65 sujets de la region de Ouagadougou,
Haute-Volta, dont l'infection A P. falciparum a pu etre

suffisamment surveillee apres traitement, et sur 72 sujets
de la region de Kpain, Liberia. Chaque sujet a recu une
dose unique de 10 mg de chloroquine-base par kg de
poids corporel; la reaction initiale au medicament a e
observ&e. Dans tous les cas, la parasitemie a disparu dans
les cinq jours qui ont suivi le traitement et, dans la
majorite des cas, avant le troisieme jour. Ces resultats
indiquent une sensibilite normale du parasite dans les
cas traites.
Pour les auteurs, il n'existe actuellement dans les

regions oiu 1'enquete a e menee aucun probleme dui a
1'existence de souches de P. falciparum temoignant d'une
resistance notable a la chloroquine; une surveillance doit
cependant etre maintenue en vue de depister toute
apparition eventuelle du phenomene.
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