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Preliminary studies have been carried out upon 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), United States Marine Corps, had been

stationed for almost ore year near Nha Trang in S>uth Viet Nam. He had been
receiving 300 mg of chloroquine base weekly and had at no time 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 erythro-
cytic forms of P, falciparum, Subsequently, "standard dose" (1500 mg chloroquine

base administered over three days) or greater-than-standard oral regimens of
chlorogquine were administered on three occasionst 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 for the next six days). On each occasion, administration of chloroquine
resulted in a ‘tempcrary abatement of sympﬁoms and of overt parasitaemia, However,
recrudescences (fever and positive blood émears) occurred two to three weeks after
each of the first two courses of therapy. During the third week in October 1962
(two weeks after the third course of chloroquine) the patient was transferred to

the United States Naval Hospital, Great Lakes, Ill,, United States of America.l

1 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,, United States of America, whose co-operation made possible
initiation of these studies.
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On 5 November and 6 November 1962 (four weeks after tne third course of chloroquine)

fever recurred and blood smears revealed ascxual erythrocytic forms of P, falciparum,

The studies présented in this report were initiated on 7 November 1962 by inoculation
of infected blood from this patient into non-immune inmate volunteers at Statcville

Penitentiary, Joliet, Ill.;‘United States of America.

During the second and third weecks of November 1962, the patient (Captain Sn.)
received 1935 mg of aquinine sulfate (six doses of five grains each) daily for ten
days and 50 mg of pyrimephamlne.daily for three days, concurrently. Radical cure
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.

Results of the chemotherapeutic studies carried ocut with volunteers are
summarized in Table 1. The volunteers were hcalthy adult American males between
22 'and 42 years old (mean age: 31 years); they weighed between 60 and 91 kg
(mean weight: 73 kg). Two were Negroes: 18 were Caucasians., The non-immune
status of every voluntecr was established by excluding from the 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 who had ever lived in or visited a malarious areas and (3) all volunteers who
had previously had falciparum maleria as a part of studies at the institution,
Methods of study are described in detail elsewhere (Alving, Craige, Pullman,
Whorton, Jones & Eichelberger, 1948; Powell, Brewer, Alving & Millar, 1963).
Thick blood smears were prépared and stained by the method described by Earle &

>

"Perez (1932); the asexual erythrocytic forms of P, falciparum contained in O,1 mm

of blood were counted by examination of 90 oil~immersion fieclds (each 0.1 mmg)
and the counts were expressed in terms of 1,0 mm5 of whole blood. Parasite counts
noted in this report refcr to trophozoites, not gametocytes; mature schizonts
were very rarely seen, Drugs were given orally (with the exception of chloroguine
administered intramuscularly to one volunteer) and under close supervision, Doses

of all drugs are expressed in terms of free base. Samples of urine from volunteers
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receiving chloroquine were examined frequently for the presence of chloroquine by
the method of Haskins (1958), During the study it was at. times ﬁeoessary to
administer small doses of quinine, 270 or 540 mg.of quinine base,>to prevent
dangerously high levels of parasitaemia (e.g., several days after administration

of chloroguine). Quinine gives a positive Haskins test; for this reason; Haékins
tests were not done after quinine had_béen given to a volunteer who had received

chloroguine.

Six volunteers were treated, during acute clinical attacks of malaria (when
parasitaemia and fever of at least 38.500 were present) with standard oral.regimens
of chloroduine (diphosphate) recommended for therapy of acute attacks 1n non-immune
adults.(600 mg chloroguine base the first day, 300 mg six hours later, and 300 mg
on each of the next two days). The total dose of chloroquine base was 1500 mg,
Chléroquine exerted remarkably little therapeutic effect, Fever and parasitaemia
decreased transiently in five of the six volunteers, but in each of these five
volunteers a lower-grade fever persisted and thick blood smears remained positive,
In one volunteer, parasitaemia increased during administration of chloroquine,

At the outset of therapy, counts of asexual erythrocytic forms (trophozoites) of

P, falcipargm in samples of blood from each of the six volunteers were 280, 720,
151@, 1566, 2220 and 16 960 per mmB, respectively, Forty-eight hours after
initiation of chloroguihe administration, the respective counts were 30, 440, 6400,
820, 1860 and 13 420 per mmj. All six volunteers had acute clinical attacks of
malaria one to four days after completion of the administration of chloroquine,
Haskins testsifor thé presence of chloroguine” in the urine were negativevprior to
drug administration and strongly positive both during and after administration of

chloroquine (when acute clinical attacks of malaria were occurring).

One volunteer received, during an acute clinical attack,.a three~day course
of chloroguine (diphosphate) administeréd orally in doses twice those listed above
(total doses 3000 mg chloroquine base). Fever (3900 initially) decreased, but a
lower-grade fever (38 to 38.500) persisted. At the outset of therapy, the parasite
;count was 1000 per mmﬁ. Thick blood smears proved negative‘on the #tiird and fifth

deys after initiation of therapy, but overt parasitaemia recurred on the sixth day
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after initiation of therapy. During the subsequent four days, the parasite count
increased to 2270 per mm3 and spiking fever (3900) recurred, Haskins tests were
negative prior to therapy; they were strongly positive both during chloroguine
administration and six to ten days after initiation of therapy (at the time of

recrudescence),

One volunteer was treated, during an acute clinical attack, with 240 mg of
chloroguine base (300 mg of chloroguine dihydrochloride), thrice daily for three

days, administered intramuscularly. The total intramuscular dose was 2160 mg of

chloroguine base, Fever (40°C initially) decreased and temperature returned to
normal five days after initiation of therapy. Parasitaemia (parasite count
initially 230 per mm3) decreased and thick blood smears proved negative three
days after initiation of therapy. However, 10 days after initiation of therapy,
thick blood smears again proved positive and, during the next two days, rapidly
increasing parasitaemia (to 1010 per mmB) and spiking fever (to 40.500) ensued,
Haskins tests were negative prior to and strongly positive during and 10 days

after administration of chloroquine,

These data indicate that asexual erythrocytic forms of the Viet Nam (Sn.)

strain of P, falciparum are highly resistant to chloroguine,.

The asexual erythrocytic forms of the Viet Nam (Sn.) strain of P, falciparum

do not respond to the usual dosages of hydroxychloroquine, amodiaguine, mepacrine
and proguanil (Table 1). These drugs were administered orally in doses identical
to those employed in a previous study of a strain of chloroquine-resistant

P, falciparum from Thailand (Powell, Brewer, Alving & Millar, 1963). Doses of

these schizontocidal drugs that effect radical cure of infections with susceptible

strains of P. falciparum failed to eliminate infections with the Viet Nam (Sn.)

strain. Administration of these drugs resulted, at best, in only a temporary
reduction in fevér and parasitaemia. In addition, the asexual erythrocytic forms
of the Viet Nam (Sn.) strain are resistant to 377-C-54 (Table 1), a hydroxy-
naphthalene known to exert a schizontocidal effect against certain strains of

P. falciparum and P, vivax in humans (Bruce-Chwatt & Charles, 1951; Singh, Ray,

Sen Gupta & Misra. 1959) and against a strain of chloroguine-resistant P. berghel

in mice (Hawking & Gammage, 1962),
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The administration of pyrimethamine, 50 mg daily for three days, resﬁlted in
a radical cure of the infections in each of eight volunteers treated during acute
attacks, Oral administration of 1620 mg of quinine base (three doses each con-
sisting of ten grains quinine sulfate) daily for four days failed to effect radical
cure of the infections in four volunteers (Table 1). Administration of this dose
of quinine daily for seven days failed to effect radical cure in two of four
volunteers. In contrast, ten-day courses of quinine (1620 mg base daily) effected
radical cure of the infections in each of five volunteers, The relative tolerance

of the asexual erythrocytic forms of the Viet Nam (Sn.) strain of P, faleiparum

to quinine is currently being investigated further.,

The characteristics of the Viet Nam (Sn.) strain of chloroguine-resistant

P, falciparum differ from the characteristics of other strains of chloroquine-

resistant P. falciparum reported upon previbusly. A strain of chloroguine-

resistant P, falciparum from Colombia, South America, has been studied extensively

and has been found to be susceptible to proguanil, pyrimethamine and quinine
(Moore & Lanier, 19613 Young & Moore, 19613 Young, 19613 Young, 1962; Powell,
Brewer & Alving, 1963). The asexual erythrocytic forms of the Viet Nam (Sn.)
strain do not respond to proguanil, so that this strain differs in this réspect
from the strain from Colombia. The asexual erythrocytic forms of a strain (JHK)

of chloroquine-resistant P, falciparum from Thailand have been found to be resistant

to all widely-used antimalarials except quinine (Young,'Contacos, Stitcher & Millar,
1963; Powell, Brewer, Alving & Millar). The asexual erythrocytic forms of the
Viet Nam (Sn.) strain are sensitive to pyrimethamine and thus the Viet Nam (Sn.)

strain differs in this respect from the (JHK) strain from Thailand.,

Preliminary studies on the prophylactic effect of CI.501 against the Viet Nam
(Sn.) strain of P. falciparum have been completed. CI-501 (4,6-diamino-l-(p-

chlorophenyl)-l,2,—dihydro-E,2-dimethyl-§ftriazine pamoate), a pamoic acid salt

of a highly active (dihydrotriazine) metabolite of proguanil, is a new experimental
drug of great interest (Thompson, Olszewski, Elslager & Worth; Schmidt, Rossan &
Fisher). 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
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or more months (Coatney, Contacos, Elder & Kilpatrick). A single intramuscular
injection of CI-501 (350 mg) was administered to three non-immune volunteers on

14 February 1963. One volunteer (weight 80 kg) received a preparation containing
25-micron-sized particles in an agueous vehicle (X-9149); the second volunteer
(weight 91 kg) received a preparation containing 25-micron-sized particles in a
lipid vehicle (X-9150); and the third volunteer (weight 72 kg) received a prepara-
tion containing 1- to 5-micron-sized particles in a lipid vehicle (X-8607). A
fourth individual who received no drug served as a control; this individual ' ‘
received a preparation consisting of only the aqueous vehicle for CI-501 (X-9164),
Twenty days following administration of CI-501, each of the four volunteers were

bitten (at the same time) by the same 10 Anopheles stebhensi mosquitos heavily

infected with the Viet Nam (Sn.) strain of P, falciparum. All four volunteers

developed patency nine days after "bite", Acute clinical attacks followed., The
course of parasitaemia in the three volunteers who received CI-501 did not differ
significantly from the course of parasitaemia in the control individgal treatéd
with the agueous vehicle, At the time of patency, the drug was presen£ in the
urine of the three volunteers who had received CI 501 (24-hour levels of urlnary

excretlon were 8.6, 2,3 and 2.9 mg, respectively )

Conclusions

- The asexuzl erythrocytic forms of a strain of Plasmodium falciparum from

Viet Nam have been found to be resistant to standard therabeutic doses of chlorow~
.qﬁihe, hydroxychloroquine, amcdiaquine, mepacrine and proguanil, Administration
’of these drugs during acqte attacks of malar;alresult?d only in a temporary decrease
in fevefband parasitaemia, Radical cure of inféctiéﬁs with this strain of

P.'falcipérum was achieved, in each of eight volunteers, by the administration of

50 mg of pyrimethamine daily for three days. . Radical cufe was achieved in only
two of four volunteers who received 1620 mg of quinine base (30 graiﬁs of quinine
sulfate) daily for seven days. CI-501 did not exert a demonstrable causal prophy-

lactic effect against the Viet Nam (Sn.,) strain of P, falciparum in experiments in

which this drug was administered in doses comparable- to those reported to be

effective against repeated challenges of Chesson vivax malaria,

T . .
These determinations were carried out through the courtesy of Parke,
Davis & Company, Research Laboratories, Ann Arbor, Michigan,
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TABLE 1, VIET NAM (SN.) STRAIN OF PLASMODIUM FALCIPARUM
EFFECTS OF DRUGS AGAINST ASEXUAL ERYTHROCYTIC FORMS
(TREATMENT DURING ACUTE CLINICAL ATTACKS)

Dose Dura- Therapeutic effectsm
mg base tion No :
Drug (orally) of treated| No |TempoOrary effect | 4ioa1
- therapy | ffect : cure
Daily [Total | (days) o Partial|Complete
1 500 > 6 1 5
Chloroguine 5 000 p) 1 1
7204 2 160 | 3 1 1
Hydroxychloroquine 15004 5 1 1
Amodiaquine 1 400 3 2 2
Pyrimethamine 50 150 3 8 8
Mepacrine 2 108 7 2 2
S ] . :
Proguanil 261 | 2 610 | 10 3 1 2
1500 3 1 1
377-C-54
2500| 3 1 ‘ 1
1 620 | 6 480 h 4 4
Quinines 162011 340 | 7 4 2 2
1 620 16 200 | 10 5 -5

2 Temporary partial effect = temporary reduction in fever or parasitaemia
attributable to drug without occurrence of both normal temperature and negative
blood smears. . . . :

Temporary complete effect = temporary reduction in fever and parasitaemia
attributable to drug with 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 recrudescence during a follow-up of at least 60 days.

b Administered intramuscularly

lo

1620 mg quinine basc = 1935 mg quinine sulfate (30 grains)
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The purpose of the WHO/Mal series of documents in threefolds

(a) to acgquaint WHO staff, national institutes and individual research or
public health workers with the changing trends of malaria research and the

progress of malaria eradication by means of summaries of some relevant

problems ;

(b)  to distribute to the groups mentioned above those field reports and
other communications which are of particular interest but which would not

normally be printed in any WHO publication;

(¢) to make available to interested readers some papers which will
eventually appear in print but which, on account of their immediate interest

or importance, deserve to be known without undue delay.

The issue of a paper in this series does not therefore constitute formal
publication and a paper so issued may, with the agreement of the author and WHO,

be published in a WHO periodical or elsewhere,

Authors alone are responsible for views expressed in signed articles. The
mention of manufacturing companies or of their proprietary products does not imply

that they are recommended or endorsed by the World Health Organization,



