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Studies on a Strain of Chloroquine-Resistant
Plasmodium falciparum from Viet-Nam*

ROBIN D. POWELL, M.D.,' GEORGE J. BREWER, M.D.,'
RICHARD L. DEGOWIN, M.D.' & ALF S. ALVING, M.D.2

This report presents the results ofchemotherapeutic studies carried out with non-immune
volunteers infected with a strain of Plasmodium falciparum from Viet-Nam, termed the
Viet-Nam (Sn.) strain, under conditions of study precluding reinfection. Nine volunteers
received, during acute clinical attacks, three-day courses of chloroquine, seven receiving
1500 mg of chloroquine base orally, one 3000 mg of chloroquine base orally, and one
2160 mg of chloroquine base intramuscularly. Volunteers also received, again during acute
clinical attacks, various regimens of hydroxychloroquine (1500 mg base), amodiaquine
(1400 mg base), mepacrine (2198 mg base), proguanil (2610 mg base), or 377-C-54
(1500 or 2500 mg base). These drugs failed to effect radical cure of the infections, both
before and after passage of the strain through mosquitos.

On the other hand, the administration of either 50 mg ofpyrimethamine daily for three
days or 1620 mg of quinine base (1935 mg of quinine sulfate) daily for 10 days effected
radical cure of the infections. The administration of 1620 mg of quinine base daily for
seven days failed to effect radical cure of the infections in two offive volunteers. Under
the particular experimental conditions employed, intramuscular injection of CI-501 (a
repository preparation ofa highly active metabolite ofproguanil) did not exert a demonstra-
ble protective effect against the Viet-Nam (Sn.) strain of P. falciparum.

This report presents the results of studies on a
strain of Plasmodium falciparum from Viet-Nam.
This strain is referred to as the Viet-Nam (Sn.) strain.
Captain Sn. (34 years old, Caucasian), of the United
States Marine Corps, had been stationed for almost
one year near Nha Trang in the Republic of Viet-
Nam. He had received 300 mg of chloroquine base
weekly during this time. He had not been in
Thailand. While stationed in Viet-Nam he developed
his first acute clinical attack of malaria in late
August 1962. On 27 August 1962, thick blood
smears revealed asexual erythrocytic forms of
Plasmodium falciparum. Subsequently, " standard "
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ported, in major part, by the Medical Research and Develop-
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of the Army, under Contract DA-49-007-566 with the
University of Chicago, and, in part, by the Douglas Smith
Foundation of the University of Chicago, by Winthrop
Laboratories, New York, N.Y., and by Eli Lilly and Com-
pany, Indianapolis, Ind., USA.
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Professor of Medicine, Department of Medicine,
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regimens (1500 mg of chloroquine base adminis-
tered over three days) or greater-than-standard re-
gimens of chloroquine were administered orally on
three occasions: during the last week of August 1962,
during the third week of September 1962, and during
the first week of October 1962. The second course
of chloroquine consisted of 2700 mg of chloroquine
base administered over seven days (600 mg initially,
300 mg six hours later, and 300 mg daily on each of
the next six days). On each occasion, the adminis-
tration of chloroquine resulted in a temporary
abatement of both symptoms and overt parasitaemia.
However, recrudescences (fever and positive blood
smears) occurred two to three weeks after each of
the first two courses of therapy.
During the third week of October 1962 (two weeks

after the third course of chloroquine) the patient was
transferred to the United States Naval Hospital,
Great Lakes, Ill. USA.3 On 5 and 6 November 1962

3 We wish to express our appreciation to the members of
the United States Armed Forces, particularly those of the
United States Navy at the United States Naval Hospital,
Great Lakes, Ill., whose co-operation made possible the
initiation of these studies.
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(four weeks after the third course of chloroquine)
fever recurred and blood smears again revealed
asexual erythrocytic forms of P. falciparum. The
studies presented in this report were initiated, on
7 November 1962, by inoculation of infected blood
from this patient into non-immune inmate volunteers
at Stateville Penitentiary, Joliet, Ill., USA.
During the second and third weeks of Novem-

ber 1962, the patient (Captain Sn.) received 1935 mg
of quinine sulfate (six doses of five grains each) daily
for 10 days and, concurrently, 50 mg of pyrimetha-
mine daily for three days. Radical cure of the infec-
tion resulted as evidenced by (1) no recrudescence of
malaria in the patient and (2) subinoculation, on
5 December 1962, of 450 ml of the patient's blood
into a non-immune volunteer, who then failed to
develop malaria during a follow-up period of three
months.

MATERIALS AND METHODS

Volunteers
All studies were carried out in a non-endemic area

(Joliet, Ill., USA) under conditions precluding rein-
fection. All volunteers were healthy, American men
between 21 and 42 years old (mean age: 30 years).
They weighed between 59 kg and 91 kg (mean weight:
75 kg). Twenty-one volunteers were Caucasian; two
were Negroes. All volunteers were non-immune.
The non-immune status of every volunteer was estab-
lished by excluding from study: (1) all volunteers
who, prior to entering the institution, had a history
of malaria or of an illness even remotely suggesting
malaria; (2) all volunteers who were born in or had
ever lived in or visited a malarious area; and (3) all
volunteers who had previously had falciparum
malaria as a part of studies at the institution.

Procedures
Blood-induced infections were produced by in-

travenous inoculation of infected blood, containing
approximately 500 000 asexual parasites, into the
volunteers. Volunteers having patent infections were
hospitalized. Parasite counts (Powell et al., 1964)
were performed at least daily, and frequently more
often, during the entire course of each study.
Parasite counts noted in this report refer to tro-
phozoites, not gametocytes; mature schizonts were
rarely seen.
We established early during the investigations that

many drugs usually effective against P. falciparum
were ineffective against the Viet-Nam (Sn.) strain.
Periodic administration of quinine proved necessary

to prevent dangerously high levels of parasitaemia.
By this means, the investigations were carried out
without the occurrence of life-threatening complica-
tions.
The strain was passed through Anopheles ste-

phensi. Methods of producing sporozoite-induced
infections and other methods of follow-up have
been described by Alving and co-workers (1948).
Samples of urine from patients receiving chloro-

quine were tested frequently for the presence of
chloroquine by the method of Haskins (1958).
Quinine gives a positive Haskins test; for this reason,
Haskins tests were not done after quinine had been
administered to volunteers who had received
chloroquine. Urine from a normal volunteer re-
ceiving no drug served as the control sample for each
test. All control samples and all samples of urine
obtained prior to drug administration were negative.
All samples of urine from patients receiving chloro-
quine were strongly positive.

Administration ofdrugs
Drugs were administered orally (with two excep-

tions discussed subsequently) and under extremely
close supervision. Insertion of the drug into the
volunteer's mouth and swallowing were observed.
The volunteer's mouth was then inspected to be
certain that the drug had been swallowed.

Dosage of drugs
Drugs utilized included chloroquine diphosphate

(Aralen), hydroxychloroquine sulfate (Plaquenil),
amodiaquine dihydrochloride (Camoquin), mepa-
crine dihydrochloride (Atabrine), pyrimethamine
(Daraprim), proguanil hydrochloride (Paludrine),
377-C-54 (2: 5-bis (cyclohexylaminoethyl) naphtha-
line-l: 6-diol) dihydrochloride, quinine sulfate, and
CI-501 (4,6-diamino-l-(p-chlorophenyl)-1,2,-dihydro-
2, 2-dimethyl-s-triazine pamoate). Doses of all
drugs are expressed as free base. Regimens were
as follows:

(1) Chloroquine: 900 mg (600 mg initially, 300 mg
six hours later) the first day; 300 mg daily for the
next two days (total dose: 1500 mg). Volunteer 7
(Table I) received chloroquine orally in doses
twice these amounts (total dose: 3000 mg).
Volunteer 21 (Table 1) received 300 mg of chloro-
quine dihydrochloride (240 mg of chloroquine
base) intramuscularly thrice daily for three days
(total dose of chloroquine base: 2160 mg).
(2) Hydroxychloroquine: schedule identical to
that of chloroquine (total dose: 1500 mg).
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(3) Amodiaquine: 600mg the first day; 400 mg for
the next two days (total dose: 1400 mg).
(4) Mepacrine: 785 mg (5 doses of 157 mg) the
first day; 78.5 mg thrice daily for the next six
days (total dose: 2198 mg).
(5) Pyrimethamine: 50 mg daily for three days
(total dose: 150 mg).
(6) Proguanil: 87 mg thrice daily for 10 days
(total dose: 2610 mg).
(7) 377-C-54 (two regimens employed): (a) Volun-
teer 5 (Table 1) received 250 mg every 12 hours for
three days (total dose: 1500 mg). (b) Volunteer 4
(Table 1) received a three-day course containing
1500 mg (1000 mg initially, 500 mg six hours
later) on the first day and 500 mg daily on each
of the next two days (total dose: 2500 mg).
(8) Quinine (three regimens employed): (a)
1620 mg of base (540 mg every eight hours) daily
for four days (total dose: 6480 mg). (b) 1620 mg
(540 mg every eight hours) daily for seven days
(total dose: 11 340 mg). (c) 1620 mg (540 every
eight hours) daily for 10 days (total dose: 16 200
mg).
(9) CI-501: single intramuscular injection con-
taining 350 mg.

RESULTS

Table 1 presents pertinent data concerning chemo-
therapeutic studies in the 23 volunteers. Table 2
summarizes the results. Volunteers received courses
of medication during acute attacks of malaria, when
both parasitaemia and fever were present. Drugs
were administered according to the schedule outlined
previously.

Effect of chloroquine
Seven volunteers received 1500 mg of chloroquine

base, administered orally over three days, during
acute clinical attacks. Volunteers 1, 2, 3, and 4 had
been infected before passage of the strain through
mosquitos; Volunteers 11, 12, and 23 had been
infected after passage of the strain through mos-
quitos (Table 1). Chloroquine exerted remarkably
little therapeutic effect. Fever and parasitaemia
decreased transiently in six of the seven volunteers,
but lower-grade fever persisted and thick blood
smears remained positive in each of these six
volunteers. Parasitaemia increased markedly during
the administration of chloroquine to the seventh
volunteer. All volunteers sustained acute clinical
attacks of malaria, requiring the administration of

quinine, one to four days after completion of the
course of chloroquine. Haskins tests of urine from
each of the seven volunteers were negative before,
and strongly positive during and after, administra-
tion of chloroquine. Haskins tests carried out just
before the administration of quinine were all strongly
positive. All seven volunteers continued to have
intermittent acute clinical attacks of malaria after
completion of these studies.

Fig. 1 shows the effect of chloroquine (1500 mg
given over three days) against the Viet-Nam (Sn.)
strain compared with its effect against a previously
studied strain of chloroquine-resistant P. falciparum,
the Thailand (JHK) strain. The administration of
1500 mg of chloroquine to volunteers infected with
the Thailand (JHK) strain usually results in a de-
crease in parasitaemia followed by a brief period
during which overt parasitaemia is absent (Powell
et al., 1964). Chloroquine failed to exert even this
effect against the Viet-Nam (Sn.) strain (Fig. 1).

Volunteer 7 (Table 1) received, during an acute
clinical attack, 3000 mg of chloroquine orally over
three days. This regimen of chloroquine is twice that
recommended for treatment of acute attacks of
malaria in non-immune adults. Only transient
decreases in parasitaemia and fever resulted (Fig. 2).
Haskins tests were negative before therapy and
strongly positive both during administration of
chloroquine and six to 10 days after initiation of
therapy (at the time of recrudescence). Identical
regimens of chloroquine (3000 mg over three days)
administered orally to volunteers infected with the
Thailand (JHK) strain exerted similar but con-
siderably more pronounced and more prolonged
effects (Powell et al., 1964).

Volunteer 21 (Table 1) was treated, during an
acute clinical attack, with chloroquine administered
intramuscularly. He received 240 mg of chloroquine
base (300 mg of chloroquine dihydrochloride) thrice
daily for three days (total intramuscular dose:
2160 mg of chloroquine base). As shown in Fig. 3,
the volunteer's temperature returned to normal five
days after initiation of therapy. Parasitaemia de-
creased and thick blood smears proved negative three
days after initiation of therapy. However, seven
days after completion of therapy, thick blood smears
again proved positive and rapidly increasing para-
sitaemia and fever ensued (Fig. 3). Haskins tests
were negative before treatment with chloroquine;
they were strongly positive during and 10 days after
initiation of therapy. An identical regimen of
chloroquine administered intramuscularly to a
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TABLE 1
RESULTS OF CHEMOTHERAPEUTIC STUDIES, WITH THE VIET-NAM (Sn.) STRAIN

OF PLASMODIUM FALCIPARUM a

I

Findings of first Day of
Volunteer day of therapy d Druge (and Quinine Parasite Days recru- h

and type cAge Weight duration Total given clearance to descenceh
anotp Race (yAeas Weight drton dose concur- timef normal

infectionb ~~~Parasite Tep hrp) ( )rently (as ep9Prinfectionb count Temp. therapy (mg) (days tmFar- Fever
(per mm3)(C ie

1. BI C 27 69.5 16960 40.1 Chl. 1 500 None NC FP
(3 days)

13420 40.3 Py. 150 2700 2 3
(3 days)

C 25 61.8

C 26 75.4

1 310

6 400

2 460

170

280

6 640

2 220

7 440

40

2 000

5 320

3 960

11 620

1 000

560

1 260

140

1 640

1 050

10 460

41.0

40.5

39.5

38.4

41.0

38.5

39.1

38.5

40.5

39.4

41.0

40.5

39.5

38.5

39.4

38.5

40.1

39.8

40.4

40.5

Chl.
(3 days)
Prog.
(10 days)
Mep.
(7 days)
Py.
(3 days)

Chi.
(3 days)

1 500

2610

2 198

150

1 500

377-C-54 2 500
(3 days)
Chi. 1 500
(3 days)

Amo. 1 400
(3 days)
Hy. 1 500
(3 days)
377-C-54 1 500
(3 days)

Py. 150
(3 days)

Quin.
(7 days)
Py.
(3 days)
Chi.
(3 days)
Prog.
(10 days)
Py.
(3 days)

Amo.
(3 days)

11 340

150

3 000

2 610

150

1 400

540

540

None

None

1 620

None

None

NC

NC

7

2

NC

5

NC

FP

7

4

3

FP

3

FP

10

6

12

6

5

Remarks i

Fig. 1, No. 6

Radical cure

Fig. 1, No. 8

Fig. 5

Fig. 5

Radical cure

Fig. 6

Fig. 1, No. 9

1 080 NC 2 5 Fig. 4

None NC 1 4 Fig. 4

None 6 FP 7

None 3 5 Radical cure

3 240

None

2 700

1 080

540

Py. 150 None
(3 days)

Prog. 2610 1 890
(10 days)

Py. 150 None
(3 days)

3

4

3

9

2

NC

4

8

3

5

5

3

10

3

FP

4

9

5

24

4

18

20

24

8

19

22

Radical cure

Fig. 2

Radical cure

Radical cure

Radical
cure; Fig. 7

(Footnotes p. 384)

C 38 59.0

66.3

68.5

69.5

C 23

N 42

C 38

2. BI

3. BI

4 BI

5. BI

6. BI

7. BI

Ml

8. BI

9. BI

10. BI

C

C

C

33

41

33

89.7

68.0

76.8
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TABLE I
RESULTS OF CHEMOTHERAPEUTIC STUDIES, WITH THE VIET-NAM (Sn.) STRAIN

OF PLASMODIUM FALCIPARUMa (continued)

Volunteer day of therapy d |Druge (and |Tta QguininneE Parasite |Days reecrunch|
of
tp Race c(yeagrs) Weight drtof dose conctur- timeanfc notrmal Remarks

infectionb| Parasite |Temp.| theray) (mg) r(ently (days) |temP.9 PjareasFvr

; l l ~~~~~~(3days) |Fi.,o1
| j 440 |40.2 Py. |150 None | 2 5 Radical cure

12. MlI C | 26 |73.1 11560 39.1 Chl. | 500 None NNC FFP | |Fig. 1, No. 7

l l l ~~~~~~~(7days)|

13. Bl C | 33 |65.4 | 1440 |40.0 |Py. 150 |None | 3 4 | | |Radical cure

14. Bl C | 22 75.4 1 090 40.6 Quin. |11 340 2 5 21 |22 Fig. 9

8] | | ~~~~~~~(10days) l I Rdclcr

15. B I C 221 80.4 4420| 40.8| Quin. 11 340| 3 |6 Radical

~~~~~(7 days) |cure; Fig. 8

16. Bl |C 21 76.7 11380 39.4 Quin. 11 340 3 |5 ||Radical cure

17. Ml C 28 80.0 320 40.4 Quin. 66480 | 2 |3 13 13

18. MlI C j 32 90.9 1 520 39.4 4 Quin. 6| 480 3 6 | 12 13

] ; | ~~~~~~320|38.5 Quin. 16200 3 3 |Radical cure

19. MlI C 35 72.2 4040 38.5 Quin. 6 480| 3 3 11 12

| ] ~~~~~~~17038.4 Quin. 16200 3 2 Radical cure

20. MlI | 32 73.6 | 1480 40.1 Quin. 66480 2 5 1 1 1 1

| t ~~~~~~~30039.6 Quin. |16200 | 4 5 Radical cure

21. Bl C 35 88.1 230 38.5 Chl 22160 None 3 5 10 11 Fig. 3

22. BlI C 35 77.2 11480 39.0 Q uin. 1 1340 4 |6 Radical cure

23. BIA |C |23 |78.1 44200 38.5 Chi. 1 500 |540 NC |FP

1 000 38.6 H3dys) 1 500 1 620 NC FP

L_ 2~~~~~~2080 38.5 Amo. 1 14l00 None 4 3 5 5

(Footnotes p. 384)
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TABLE 2
EFFECTS OF DRUGS AGAINST ASEXUAL ERYTHROCYTIC FORMS OF VIET-NAM (Sn.)
STRAIN OF PLASMODIUM FALCIPARUM (TREATMENT DURING ACUTE CLINICAL ATTACKS)

Dose a Therapeutic effects b
(mg base) Duration |_____________effect

Drug of Number Temporary effect
therapy treated No Radical
(days) effect Coin urDaily Total Partial Ilete cure

1 500

Chloroquine 3 000

720 c 2 160

Hydroxychloroquine 1 500

Amodiaquine 1 400

Pyrimethamine 50 150

Mepacrine 2198

Proguanil 261 2 610

1 500
377-C-54

2 500

1 620 6 480

Quinine d 1 620 11 340

1 620 16 200

a Dose is oral unless otherwise indicated.
b Temporary partial effect: temporary reduction in fever or parasitaemia, attributable to drug,

without the occurrence of both normal temperature and negative blood smears.
Temporary complete effect: temporary reduction in fever and parasitaemia, attributable to drug,

with a transient occurrence of both normal temperature and negative blood smears.
Radical cure: complete eradication of parasites from the body as evidenced by a lack of recru-

descence during a follow-up of at least 60 days.
c Administered intramuscularly.
d 1620 mg quinine base = 1935 mg quinine sulfate (30 grains).

NOTES TO TABLE 1:
a Studies are listed in the order in which they were carried out. Data horizontally in line with each volunteer's number represent

studies carried out during the volunteer's initial acute attack of malaria.
b BI = blood-induced; Ml = mosquito-induced; BIA = blood-induced after passage of the strain through mosquitos.
c C = Caucasian; N = Negro.
d Parasite count and oral temperature on first day of drug administration. All volunteers received drugs orally except for Volun-

teer 21, who received chloroquine intramuscularly.
e Chl. = chloroquine; Hy. = hydroxychloroquine; Amo. = amodiaquine; Py. = pyrimethamine; Mep. = mepacrine; Prog. = pro-

guanil; Quin. = quinine. Drugs were administered according to schedules outlined in the section on materials and methods.
f Parasite clearance time denotes the number of days elapsing from the first day of drug administration to the first day on which

no parasites could be demonstrated in the blood. NC (not cleared) indicates persistence of overt parasitaemia.
g Days to normal temperature denotes the number of days elapsing from the first day of drug administration to the first day on

which temperature returned to and remained normal the entire day. FP indicates that fever persisted.
h Day of recrudescence denotes the number of days elapsing from the first day of drug administration to the first day of recurrence

of overt parasitaemia (positive blood smears) or fever (38.50 C). The term " relapse " is not applicable in this situation.
i Radical cure denotes complete elimination of the parasite from the body, as evidenced by a lack of recrudescence during a

follow-up of at least 60 days. Radical cure of infections in Volunteers 3, 17 and 21 resulted from the administration of quinine, but
therapy was not initiated during an acute attack of malaria; these data are not included in Table 2. Pyrimethamine effected radical
cure of infections in Volunteers 1, 4, 5, 9, 12 and 23, but therapy was not instituted during an acute attack of malaria; the results of
these studies and the result of the first study with pyrimethamine in Volunteer 7 (see text) are not included in Table 2. After no
recrudescence occurred during at least three months' follow-up in Volunteers 2, 6,11,15 and 20, continuing host susceptibility was
demonstrated in these volunteers by reinoculation of blood infected with the Viet-Nam (Sn.) strain of P. falciparum; all five volunteers
promptly developed acute attacks of malaria.

J Administered intramuscularly.

-



CHLOROQUINE-RESISTANT PLASMODIUM FALCIPARUM FROM VIET-NAM

FIG. 1
COMPARISON OF EFFECT OF ORAL CHLOROQUINE
AGAINST 2 STRAINS OF CHLOROQUINE-RESISTANT

P. FALCIPARUM a

FIG. 2
EFFECT OF ORAL CHLOROQUINE

ON MOSQUITO-INDUCED FALCIPARUM.MALARIA
WITH VIET-NAM (Sn.) STRAIN a

VIET-NAM (Sn.) STRAIN
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a Total dose against each strain: 1500 mg base, adminis-
tered orally to each of 10 non-immune volunteers, 5 infected
with Thailand (JHK) strain (1-5 at left of figure) and 5 with
Viet-Nam (Sn.) strain (6-10 at right of figure). Thailand (JHK)
strain infections were with infected blood administered 2-5 days
prior to day 1 indicated at bottom of figure (Powell et al., 1964).
Viet-Nam (Sn.) strain infections refer to Volunteers 1,12, 2, 4
and 11 of the present study (see Table 1).

volunteer infected with the Thailand (JHK) strain
of chloroquine-resistant P. falciparum exerted a

similar but more prolonged effect (Powell et al.,
1964).
These data indicate that the asexual erythrocytic

forms of the Viet-Nam (Sn.) strain of P. falciparum
are highly resistant to chloroquine and that they are

more resistant to chloroquine than are the asexual
erythrocytic forms of the Thailand (JHK) strain
studied previously.

Effects of amodiaquine and hydroxychloroquine

Three volunteers received three-day regimens of
amodiaquine (total dose: 1400 mg): Volunteers
5 and 8 had been infected before, and Volunteer
23 had been infected after, passage of the strain
through mosquitos. Volunteers 5 and 23 also
received three-day regimens of hydroxychloroquine
(total dose: 1500 mg). Fig. 4 shows the results of

a Total dose 3000 mg base. Mosquito-induced infection 9
days prior to day 1. Day 1 represents the last day on which
thick blood smears were negative prior to patency. Volunteer 7.

the study in which amodiaquine and hydroxychloro-
quine were administered sequentially to Volunteer 5.

Responses to amodiaquine and hydroxychloro-
quine were similar to those obtained with chloro-
quine (Fig. 1 and 4; Tables 1 and 2). During the
administration of hydroxychloroquine to Volun-
teer 23, parasitaemia increased from 1000 per mm3
initially to 7060 per mm3 on the third day of the-
rapy, and thick blood smears revealed mature
erythrocytic schizonts; moderate doses of quinine
were necessary to control the clinical attack (Table 1).
Neither amodiaquine nor hydroxychloroquine effec-
ted radical cure of the infections.

Effects of proguanil and mepacrine

Three volunteers received 10-day courses of pro-
guanil (total dose: 2610 mg): Volunteers 2 and 9 had
been infected before, and Volunteer 7 after, passage
of the strain through mosquitos (Table 1). Two

THAILAND (JHK) STRAIN

10000 '
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* isE 10000
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A 100oo
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volunteers received seven-day regimens of mepa-
crine (total dose: 2198 mg): Volunteer 2 had been
infected before, and Volunteer 12 after, passage of
the strain through mosquitos (Table 1). Volunteer 2
received the two drugs sequentially (Fig. 5).

Proguanil effected a gradual decrease in parasitae-
mia in Volunteer 2 (Fig. 5); his temperature returned
to and remained normal between the eighth and
15th days after initiation of therapy, but overt
parasitaemia persisted; increasing parasitaemia and
fever ensued. Volunteers 7 and 9 developed rapidly
increasing parasitaemia during the first three days
of administration of proguanil; parasitaemia in
Volunteer 9 increased from 1050 per mm3 initially
to 25 580 per mm3. It was necessary to administer
moderate doses of quinine to control the acute
attacks of malaria in both these volunteers; one
volunteer received 1890 mg of quinine and the other
received 2700 mg (Table 1). The regimens of pro-
guanil, however, were continued and completed.
Fever subsided in both volunteers seven to eight days
after initiation of administration of proguanil; thick
blood smears proved negative two days later. How-

FIG. 3

EFFECT OF INTRAMUSCULAR CHLOROQUINE
ON BLOOD-INDUCED FALCIPARUM MALARIA

WITH VIET-NAM (Sn.) STRAIN a

a Total dose: 2160 mg base. Blood-induced infection 6 days
prior to day 1. Day I represents the last day on which thick
blood smears were negative prior to patency. Volunteer 21.

ever, recrudescences occurred, in both volunteers,
18-20 days after initiation of drug administration
(Table 1). The apparent partial effectiveness of
proguanil in these two volunteers (Table 2) must be
attributed in part to the concurrent administration
of quinine.

Mepacrine effected transient reductions in fever
and parasitaemia in both volunteers treated. Con-
current administration of quinine was not necessary.
After completion of the courses of mepacrine, thick
blood smears proved negative for three days in
Volunteer 2 (Fig. 5) and for one day in Volunteer 12
(Tablz 1). Increasing parasitaemia and fever then
occurred in both volunteers.

Effect of 377-C-54 -

The administration of 250 mg of 377-C-54 every
12 hours for three days to Volunteer 5 (Table 2)
caused a transient decrease in fever and parasitae-
mia, but low-grade fever and overt parasitaemia
persisted; increasing parasitaemia ensued and spiking
fever returned 10 days after initiation of administra-
tion of 377-C-54. A higher dose of 377-C-54,

FIG. 4
EFFECT OF ORAL AMODIAQUINE AND HYDROXYCHLO-
ROQUINE ON BLOOD-INDUCED FALCIPARUM MALARIA

WITH VIET-NAM (Sn.) STRAIN a
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a Amodiaquine, total dose: 1400 mg base. Hydroxychlo-
roquine, total dose: 1500 mg base. Blood-induced infection
3 days prior to day 1. Day 1 represents the last day on which
thick blood smears were negative prior to patency. Volunteer 5.
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FIG. 5
EFFECT OF ORAL PROGUANIL AND MEPACRINE ON BLOOD-INDUCED FALCIPARUM MALARIA

WITH VIET-NAM (Sn.) STRAIN a
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a Proguanil, total dose: 2610 mg base (total amount of proguanil monohydrochloride: 3000 mg). Mepacrine, total dose: 2198 mg
base (total amount of mepacrine dihydrochloride: 2800 mg). Both administered after a course of chloroquine. Blood-induced
infection 2 days prior to day 1. Day I represents the last day on which the volunteer's temperature was normal prior to patency.
Volunteer 2.

I-1lT

2500 mg administered over three days to Volun-
teer 4, exerted a slightly more pronounced effect
(Fig. 6); this volunteer's fever subsided completely
for two days and thick blood smears proved negative
for one day, but a recrudescence followed.

Effect ofpyrimethamine
Volunteers 2, 6, 7, 8, 10, 11 and 13 (Table 1)

received, during acute clinical attacks, 50 mg of
pyrimethamine daily for three days (total dose:
150 mg). Fig. 7 shows the course of parasitaemia
and fever in Volunteer 10. Pyrimethamine effected
radical cure of the infections in each instance
(Tables 1 and 2).
Pyrimethamine also effected radical cure of the

infections in Volunteer 1 (see Table 1) and in Vo-
lunteers 4, 5, 9, 12 and 23. However, Volunteer 1
received moderate doses of quinine concurrently
with pyrimethamine (Table 1) and Volunteers 4,
53, 9, 12 and 23 were not treated during acute clinical
attacks of malaria. For this reason, these latter
data are not included in Table 2. Volunteer 7 was

infected twice (Table 1). On both occasions, pyri-
methamine effected radical cure of the infection,
but moderate d'oses of quinine were administered
concurrently with the first course of pyrimethamine;
the results of the first study with pyrimethamine in
Volunteer 7 are not included in Table 2.

Effect of quinine

Volunteers received, during acute clinical attacks,
540 mg of quinine base (10 grains of quinine sulfate)
administered orally every eight hours for four, seven,
or 10 days (Tables 1 and 2). These regimens of
quinine controlled the acute clinical attacks in all
volunteers treated. Fever and parasitaemia subsided
two to six days after initiation of therapy (Table 1).

Volunteers 17, 18, 19 and 20 received quinine daily
for four days. Recrudescences of overt parasitaemia
and fever occurred, in all four volunteers, 10-13 days
after initiation of therapy (Table 1). Volunteers 18,
19 and 20 then received quinine daily for 10 days,
as did Volunteer 14 (Table 1). Ten-day regimens of
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FIG. 6
EFFECT OF ORAL 377-C-54 ON BLOOD-INDUCED FALCIPARUM MALARIA WITH VIET-NAM (Sn.) STRAIN a

a Total dose: 2500 mg base. Blood-induced infection 3 days prior to day 1. Day 1 represents the last day on which thick blood
smears were negative prior to patency. Volunteer 4.

FIG. 7
EFFECT OF ORAL PYRIMETHAMINE ON BLOOD-INDUCED FALCIPARUM MALARIA

WITH VIET-NAM (Sn.) STRAIN a

a Total dose: 150 mg base. Blood-induced infection 8 days prior to day 1. Day I represents the last day on which the
volunteer's temperature was normal prior to patency, Volunteer 10.
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quinine effected radical cure of the infections
(Tables 1 and 2).

Volunteers 7, 14, 15, 16 and 22 received quinine
daily for seven days. Radical cure of the infection
resulted in Volunteers 15, 16 and 22. Fig. 8 shows the
course of fever and parasitaemia in Volunteer 15.
Seven-day courses of quinine, however, failed to
effect radical cure of the infections in Volunteers 7
and 14 (Table 1). Fig. 9 shows the course of fever
and parasitaemia in Volunteer 14. Volunteers 7 and
14 sustained recrudescences, of both parasitaemia
and fever, 21-24 days after initiation of therapy with
quinine.

Studies with CI-501

Preliminary studies concerning the possible pro-
tective effect of CI-501 against the Viet-Nam (Sn.)
strain of P. falciparum have been completed. CI-501,
a pamoic acid salt of a highly active (dihydrotriazine)
metabolite of proguanil, is a new experimental drug
of great interest (Thompson et al., 1963; Schmidt et
al., 1963). A single intramuscular dose (5 mg per
kg) of CI-501 has been shown to protect volunteers
against repeated challenges of Chesson vivax malaria
for six or more months (Coatney et al., 1963).

Three non-immune Caucasian volunteers received
a single intramuscular injection of CI-501 (350 mg)
on 14 February 1963. One volunteer (weight,
80 kg) received a preparation containing medium-
sized particles in an aqueous vehicle (X-9149). The
second volunteer (weight, 91 kg) received a prepara-
tion containing medium-sized particles in a lipid
vehicle (X-9150). The third volunteer (weight,
72 kg) received a preparation containing small-sized
particles in a lipid vehicle (X-8607). A fourth Cau-
casian volunteer, who received no drug, served as a
control; he received a preparation containing only
the aqueous vehicle for CI-501 (X-9164).
Twenty days following the administration of

CI-501 each of these four volunteers was bitten (at
the same time) by the same 10 Anopheles stephensi
heavily infected with the Viet-Nam (Sn.) strain of
P. falciparum. All four volunteers developed patency
nine days after being bitten by the infected mos-
quitos. Acute clinical attacks followed. The course
of parasitaemia in the three volunteers who had re-
ceived CI-501 did not differ significantly from the
course of parasitaemia in the control individual
treated with the aqueous vehicle. At the time when
the volunteers developed patent infections, CI-501
was present in the urine of the three volunteers who

had received the drug; the 24-hour levels of urinary
excretion were 8.6 mg, 2.3 mg and 2.9 mg.'

DISCUSSION

These data demonstrate conclusively that the
asexual erythrocytic forms of the (Sn.) strain of
P. falciparum from Viet-Nam are highly resistant to
chloroquine. The administration of 1500 mg of
chloroquine base orally over three days is the
" standard " therapy recommended for treatment of
acute attacks of malaria in non-immune adults
(Covell et al., 1955; WHO Technical Meeting on
Chemotherapy of Malaria, 1961). Seven non-
immune volunteers infected with the Viet-Nam
(Sn.) strain received this regimen of chloroquine
during acute clinical attacks. A marked increase in
parasitaemia occurred during therapy with chloro-
quine in one volunteer. Very transient decreases in
fever or parasitaemia resulted in the other six
volunteers. All seven volunteers had increasing
parasitaemia and spiking fever shortly after comple-
tion of administration of chloroquine. One volunteer
received 3000 mg of chloroquine base orally over
three days and another received 2160 mg of chloro-
quine base intramuscularly over three days. These
courses of chloroquine failed to effect radical cure
of the infections. Investigations carried out pre-
viously on another strain of chloroquine-resistant
P. falciparum, the Thailand (JHK) strain, showed
that regimens of chloroquine identical to those em-
ployed in this study, although not curative, exerted
similar but definitely more pronounced and more
prolonged effects (Powell et al., 1964). The data
indicate that the asexual erythrocytic forms of the
Viet-Nam (Sn.) strain are more resistant to chloro-
quine than are the asexual erythrocytic forms of the
Thailand (JHK) strain.
The usually recommended regimens of hydroxy-

chloroquine, amodiaquine and mepacrine also
failed to effect radical cure of infections with the
Viet-Nam (Sn.) strain of P. falciparum. The ad-
ministration of proguanil, in usually curative doses,
proved similarly ineffective. In contrast, the adminis-
tration of 50 mg of pyrimethamine daily for three
days resulted in radical cure of infections in each of
seven volunteers treated during acute attacks. Oral
administration of 1620 mg of quinine base (three
doses each consisting of 10 grains of quinine sulfate)

1 These determinations were carried out through the
courtesy of Parke, Davis & Company, Research Labora-
tories. Ann Arbor. Mich.. USA.
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FIG. 8
EFFECT OF ORAL QUININE ON BLOOD-INDUCED FALCIPARUM MALARIA WITH VIET-NAM (Sn.) STRAIN
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a Total dose: 11 340 mg base (total amount of quinine sulfate: 13545 mg). Blood-induced infection 4 days prior to day 1. Day 1
represents the last day on which thick blood smears were negative prior to patency. Volunteer 15.

FIG. 9
EFFECT OF ORAL QUININE ON BLOOD-INDUCED FALCIPARUM MALARIA WITH VIET-NAM (Sn.) STRAIN
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a Total dose: 11 340 mg base (total amount of quinine sulfate: 13 545 mg). Blood-induced infection 3 days prior to day 1. Day I

rep resents the last day on which thick blood smears were negative prior to patency._Volunteer 14.
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daily for four days failed to effect radical cure of
infections in each of four volunteers. Administration
of this dose of quinine daily for seven days failed to
effect radical cure in two of five volunteers. In con-
trast, 10-day courses of quinine (1620 mg base daily)
effected radical cure of the infections in each of four
volunteers. These data indicate that the asexual
erythrocytic forms of the Viet-Nam (Sn.) strain are
resistant to hydroxychloroquine, amodiaquine, me-
pacrine and proguanil, and that they are sensitive to
pyrimethamine. The data suggest that the asexual
erythrocytic forms of the Viet-Nam (Sn.) strain are
relatively resistant to quinine; they are less sus-
ceptible to quinine than are the asexual erythrocytic
forms of the Thailand (JHK) strain studied pre-
viously. Additional studies on this apparent relative
resistance to quinine are under way.
The spectrum of drug-resistance of the Viet-Nam

(Sn.) strain of P. falciparum differs from that of other
strains of chloroquine-resistant P. falciparum studied
previously. Extensive studies on a strain of chloro-
quine-resistant P. falciparum from Colombia have
shown that the asexual erythrocytic forms of this
strain are susceptible to proguanil, pyrimethamine
and quinine (Moore & Lanier, 1961; Young &
Moore, 1961; Young, 1961, 1962; Powell et al., 1963).
The asexual erythrocytic forms of the Viet-Nam (Sn.)
strain do not respond to proguanil, so that this strain
differs in this respect from the strain from Colombia.
The asexual erythrocytic forms of the (JHK) strain of
chloroquine-resistant P. fakiparum from Thailand
are resistant to all widely used antimalarials except
quinine (Young et al., 1963; Powell et al., 1964). The
asexual erythrocytic forms of the Viet-Nam (Sn.)
strain are sensitive to pyrimethamine; this strain
therefore differs in this respect from the (JHK)
strain from Thailand.
The asexual erythrocytic forms of the Viet-Nam

(Sn.) strain are resistant also to 377-C-54, a hydroxy-
naphthaline derivative known to exert a blood
schizontocidal effect against certain strains of
P. fakciparum and P. vivax in humans (Bruce-
Chwatt & Charles, 1957; Ray et al., 1959) and against
a strain of chloroquine-resistant P. berghei in mice
(Hawking & Gammage, 1962). The asexual ery-
throcytic forms of all strains of chloroquine-resistant

P.fakiparum studied thus far have proved resistant to
377-C-54 (Younget al., 1963; Powellet al., 1963, 1964;
Contacos et al., 1963). It is unlikely, therefore, that
377-C-54 will prove of value in the therapy of humans
infected with chloroquine-resistant P. fakiparum.

CI-501 did not exert a demonstrable protective
effect against the Viet-Nam (Sn.) strain of P. falci-
parum in experiments in which this drug was ad-
ministered, 20 days before bites by infected mos-
quitos, in doses comparable to those reported to be
effective against repeated challenges with the Chesson
strain of P. vivax. Additional preliminary studies
with CI-501 in our laboratory have confirmed the
findings of other workers (Coatney et al., 1963) that
a single intramuscular injection of 350 mg of CI-501
protects volunteers against mosquito-induced vivax
malaria (Chesson strain) for six or more months.
We have also completed preliminary studies on the
possible protective effect of CI-501 against the
Thailand (JHK) strain of P. falciparum. The latter
studies were similar in design to those presented in
this report and the results were similar: CI-501,
administered 33 days before bites by infected mos-
quitos, did not exert a demonstrable protective effect
against the Thailand (JHK) strain. CI-501 is a reposi-
tory preparation of a highly active metabolite of pro-
guanil. Theasexualerythrocyticforms of both theViet-
Nam (Sn.) and the Thailand (JHK) strains of chloro-
quine-resistantP.fakiparum are resistant to proguanil.

Strains of P. falciparum that are apparently re-
sistant to chloroquine are being recognized with in-
creasing frequency in South America (Rodrigues,
1961; Galvao et al., 1961-62; Box et al., 1963) and
in South-East Asia. The exact geographical extent
of resistance to chloroquine among P. fakiparum is
uncertain. It is not yet possible to assess adequately
the importance of chloroquine-resistance in the
global chemotherapy of malaria, but the impact
could be serious (Bruce-Chwatt, 1963). The findings
presented in this report should stimulate clinicians
to be alert to the possibility of encountering patients
infected with chloroquine-resistant P. fakiparum.
These findings emphasize the need for increased
investigative effort aimed at both the problem of
chloroquine-resistance and the development of new
antimalarial agents.
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RI.SUMI.

On a signale en differentes regions 1'existence de
souches de Plasmodium falciparum resistantes a la chloro-
quine et a d'autres medicaments antipaludiques et
1'etude du phenomene revet une grande importance pour
la lutte contre le paludisme.
Une souche resistante, la souche Viet-Nam (Sn.)

a ete isolee et exp6rimentee sur des volontaires. En zone
non end6mique, et dans des conditions excluant toute
possibilite de reinfection, le parasite a ete inocule a
23 sujets non immuns.

Les acces aigus de paludisme furent traites par differents
medicaments: sept volontaires regurent chacun, en trois
jours, une dose totale de 1500 mg de chloroquine-base
par voie orale; un autre, 3000 mg du meme produit,
egalement en trois jours; un dernier patient requt 2160 mg
de chloroquine-base en trois jours, mais par voie intra-
musculaire. D'autres schemas de traitement comportant
l'administration d'hydroxychloroquine, d'amodiaquine,
de m6pacrine, de 377-C-54 et de proguanil furent egale-
ment essayes.
Tous ces traitements furent impuissants a assurer la

cure radicale de l'infection, que ce soit avant ou apres

passage de la souche sur Anopheles stephensi.
En revanche, la guerison complete fut obtenue chez

7 volontaires par la pyrimethamine (50 mg par jour
pendant 3 jours), chez 4 autres patients par la quinine
(1620 mg de quinine-base par jour pendant 10 jours) et
chez 3 sujets par la quinine aux memes doses, mais
administr6e pendant 7 jours seulement. La cure radicale
ne fut pas obtenue chez 4 sujets traites par la quinine
pendant 4 jours et chez 2 volontaires traites par la qui-
nine pendant 7 jours.
Au cours de cette enquete, des essais furent effectues

au moyen du CI-501, nouvel antipaludique retard injec-
table. Ils n'ont pas permis de mettre en evidence un effet
protecteur de ce produit a 1'egard de la souche Viet-
Nam (Sn.).

Les auteurs examinent les modalites de la resistance
aux medicaments particulieres a cette souche et les
comparent 'a celles qui ont 6t6 observees chez d'autres
P. falciparum resistants en Colombie et en Thallande.
Ils soulignent la necessite de poursuivre l'6tude de ces
souches qui presentent un grand interet pour le clinicien
comme pour 1'epidemiologiste.
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