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Incipient resistance of Plasmodium falciparum to
chloroquine among a semi-immune population
of the United Republic of Tanzania
1. Results of in vivo and in vitro studies and of an ophthalmological
survey
E. ONORI,' D. PAYNE,2 B. GRAB,3 H. I. HORST,4 J. ALMEIDA FRANCO,5 & H. JOIA

The sensitivity of Plasmodium falciparum strains to chloroquine was tested in one
locality in the north-east of the United Republic of Tanzania, where a chloroquine-
medicated salt project has been implemented for chemosuppression for many years, and
where large amounts ofthe drug have been available during the last decadefor the treatment
of malaria infections.

Single doses of chloroquine (5 or 10 mg of base/kg of body weight) failed to clear
P. falciparum trophozoites in asymptomatic parasite carriers selected from the school
population. In comparison, clearance had been obtained easily ten years previously with
5 mg of base/kg of body weight in several localities in the area.

A total dose of25 mg ofbase/kg ofbody weight given over a 3-dayperiodsucceeded in
clearing asexual parasites from the peripheral blood by day 3 in all instances. Asexual
parasites were not found again during the nine days following administration of the
drug.

All the schoolchildren who had received 5 or 10 mg of base/kg of body weight at the
beginning ofthe trial were treated with afurther20 mg ofbase/kg ofbody weight at theend
ofthe 7-day observation period. Asexualparasites reappeared in the blood ofsome ofthese
children 7-10 days after the second administration of the drug.

Using the in vitro microtechnique, incomplete schizont inhibition was observed in 3 out
of21 cases at a chloroquine concentration of1.14 /lmol/litre ofblood, which is the discrim-
inating dosagefor resistance at RI level.

No cases of retinopathy related to the prolonged use of chloroquine were detected
among the 221 residents who had spent more than 16 consecutive years in the locality.

At the request of the Government of the United
Republic of Tanzania, WHO staff members, assisted
by national staff, carried out an evaluation of the
chloroquinized salt project which had been imple-
mented for many years for chemosuppression of
malaria in Mto-wa-Mbu, a locality in the north-east
of the United Republic of Tanzania.
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The objectives of the evaluation were:

1. to assess the impact of the medicated salt project
both on the local inhabitants and on the malaria
parasites;

2. to provide guidance on the advisability of using
medicated salt in the control of malaria in this and
other parts of the country;

3. to provide technical guidance on the selection of
control activities that could be profitably implemen-
ted in the United Republic of Tanzania under the
prevailing conditions.

Studies were carried out on the sensitivity of
Plasmodium fakciparum strains present in Mto-wa-
Mbu, using both in vivo and in vitro techniques, and
an ophthalmological examination was carried out to
assess whether the prolonged use of chloroquine had
had any adverse effect on the vision of the inhabi-
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tants. In addition, a seroepidemiological survey was
carried out among a sample of residents in Mto-wa-
Mbu to determine whether there had been any
decrease in host immunity.
The present report deals with the results of the in

vivo and in vitro studies of the P.falciparum strains
and of the ophthalmological examination; the results
of the seroepidemiological survey will be presented
later.'

BACKGROUND

A medicated salt project was started in 1961 in
Mto-wa-Mbu ("Mosquito River"). This compact
settlement is isolated by Lake Manyara and an
uninhabited game reserve on its southern boundary,
by arid savanna to the north and east, and by the
1500-m sheer wall of the Rift Range immediately to
the west. It is situated at 03°22' S and 35°55' E, and is
connected by an all-weather road to the regional
capital, Arusha, which lies 113 km to the north-
east.

Medicated salt was obtained by mixing chloroquine
diphosphate coated with cetyl stearyl alcohol with
ordinary cooking salt to obtain a drug concentration
of 3 g of base/kg. This salt was distributed without
interruption between 1961 and 1966, during which
time the population varied from 2200 permanent resi-
dents in 1961 to 3000 at the end of the trial. The results
were considered highly satisfactory since the hyper-
endemic conditions, which had prevailed in the area
prior to the distribution of the medicated salt, im-
proved gradually each year. Very low parasite rates
were found in all age groups of the population 53
months after the medicated salt was first introduced
(1).

Between 1967 and 1972, although the medicated
salt was still available, its distribution became
irregular owing to difficulties in procuring it, a sharp
rise in price, and delays in delivery. After an
interruption in its use from 1973 to August 1976, the
medicated salt was reintroduced in the area, but at
this time amodiaquine replaced chloroquine. The
population of Mto-wa-Mbu had meanwhile increased
to 7193 (1978 census).

During the period 1961-78, 86 tonnes of medicated
salt were distributed to the settlers. Chloroquine has
long been available in tablet formulation at the Mto-
wa-Mbu dispensary and its use has increased in recent
years. Between 1971 and 1981, about 1 100 000
chloroquine tablets were distributed by the local
dispensary. During the last few years, chloroquine
has also been stocked by four local shops, each of
which sells approximately 1000 tablets per month
during the transmission season.

a Bulletin of the World Health Organization (in press).

METHODS

The blood of 300 persons from all age groups was
examined to assess both the prevalence of malaria and
the relative prevalence ofPlasmodium species in Mto-
wa-Mbu at the time of the visit.
The in vivo response of P.fakiparum to chloro-

quine was assessed by evaluating the effect of the
administration of a single dose of the drug to school-
children who were asymptomatic parasite carriers (2)
and also by the WHO Standard Field Test (3).

In the first instance, two comparable groups of
schoolchildren aged 8-15 years were selected, all of
whom had a heavy P.fakiparum infection. A total of
24 children with parasite counts ranging from 750 to
66 000 per mm3 of blood (geometric mean, 4899)
received 5 mg of chloroquine baseb/kg of body weight
on day 0. A second group of 27 children, with para-
sitaemias ranging from 600 to 44 000 per mm3 of
blood (geometric mean, 4260), received 10 mg of
chloroquine base/kg of body weight on day 0. Urine
samples were tested for chloroquine before and after
treatment (day 0 and day 1) using Dill & Glazko's test.
Subjects with chloroquine in their urine on day 0 were
excluded from the trial. The ingestion of the chloro-
quine was closely supervised.

Thick blood films were obtained from each subject
daily for seven days after treatment, stained with
Giemsa, and examined by three of the present
authors. A blood specimen was declared negative
only if asexual parasites were absent from 100 fields
examined with an oil-immersion objective. Any
P.falciparum trophozoites found were counted
against 1000 white blood cells, and the number of
trophozoites per mm3 of blood was estimated assum-
ing a white cell count of 8000 per mm3 (8 x 109/litre).
Parasite density indices (4) were also estimated
daily.

Similar procedures were adopted for the selection
and study of schoolchildren using theWHO Standard
Field Test. Altogether 25 subjects with parasite
counts ranging from 870 to 42 000 P.falciparum
trophozoites per mm3 (geometric mean, 5810) were
given 25 mg of chloroquine base/kg of body weight
(10 mg on day 0, 10 mg on day 1, and 5 mg on day 2),
and followed up for 9 days after treatment. Urine
samples were checked for the presence of chloroquine
on day 0 prior to treatment (positive subjects were
excluded from the test) and on days 1, 2, 3, and 6.

All children who received 5 or 10 mg of chloro-
quine/kg of body weight on day 0 were given a further
20 mg of chloroquine/kg of body weight on day 7, in
two separate doses, on the assumption that this

b Chloroquine phosphate was used throughout the study in
tablets containing 150, 100, or 50 mg of base, supplied by Bayer,
Federal Republic of Germany.
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treatment would produce a radical cure.
The in vitro response of P.falciparum to chloro-

quine, quinine, and mefloquine was assessed using
the microtechnique originally described by Rieck-
mann et al. (5) and recently standardized (6).c Micro-
tests were carried out on 44 P.falciparum cases
selected from the residents of Mto-wa-Mbu who were
attending the dispensary and schools in the settlement
area. All the subjects except one had a parasitaemia in
excess of 1000 asexual parasites per mm3 of blood.
Standard WHO 96-well microtitration plates were
predosed with standard concentrations of chloro-
quine (44 tests), quinine (21 tests), or mefloquine (21
tests). Urine samples from all subjects were screened
for chloroquine and only persons with a negative reac-
tion were included in the test. Quinine and meflo-
quine had not been used previously in the population.
The results were evaluated statistically by the method
of probit regression analysis (7).

In order to assess whether the use of chloroquine
over a very long period had adversely affected the eyes
of the population, an ophthalmological examination
was carried out on residents who had spent more than
16 consecutive years in the locality. The examination

c Test kits for the in vitro microtest were provided by the
Malaria Action Programme in collaboration with the UNDP/
World Bank/WHO Special Programme for Research and Training in
Tropical Diseases.

consisted of: inspection of the eye; measurement of
the visual acuity without correcting glasses; use of E-
charts at a distance of 5 m; and indirect and direct
ophthalmoscopy, after instillation of a mydriatic
drug, for atrophy of the papilla, narrowing of the
retinal vessels, peripheral hypopigmentation of the
retina, the extinction of the power reflex, and hyper-
or hypopigmentation in the macular region (bull's
eye), which are well known signs of toxic degener-
ation of the retina.

RESULTS

Parasitological survey

Among the 300 persons examined, 142 (47.3%)
were found to be infected with malaria parasites
comprising 139 with P.falciparum, 10 P. malariae (8
mixed with P.falciparum), and 2 P. ovale (one mixed
with P.falciparum) infections. The relative preva-
lence of each Plasmodium species was 92.1 %Yo P.fal-
ciparum, 6.6% P. malariae, and 1.37o P. ovale.
The parasite rates in children less than 16 years of

age were significantly lower than those observed in
1960 before the introduction of medicated salt
(P< 0.05), while the rate in the adult group was
found to be significantly higher than the 1960 level
(P < 0.05) (Fig. 1).
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1960: 34 165 180 84 243

1981: 20 66 40 29 145

Fig. 1. Crude parasite rates observed in different age groups during surveys carried out in Mto-wa-Mbu in 1960 and
1981. The figures under the graph show the number of subjects examined in each age group.



E. ONORI ET AL.

In vivo studies
Tables 1, 2, and 3 show details of the number of

schoolchildren tested and the blood parasite densities
recorded in each subject on the 7 days after treatment
with 5, 10, or 25 mg of chloroquine/kg of body
weight. The daily geometric mean parasite densities
observed among the three different groups are shown
in Fig. 2.

Single-dose studies. Of the 24 schoolchildren given
a single dose of 5 mg/kg of body weight, 23 were
positive at the end of the observation period. Para-
sites were not seen in one child on day 2, in 3 children
on days 3 and 4, in 2 children on days 5 and 6, and in
one child on day 7. After an initial general drop in
parasite density during the first 4 days following
distribution of the drug, the mean parasite density
started to increase again on day 5 and continued to
increase up to day 7. Chloroquine was given to child
no. 14 (10 mg/kg of body weight) on day 4 and day 5
when 15 000 and 64 000 P.falciparum asexual para-
sites per mm3 of blood were counted (initial parasite
density was 4500 P.falciparum asexual para-
sites/mm3). Chloroquine was also given to child no.
23 on day 5 and children nos. 7, 10, and 17 on day 6,

either because they were complaining of feeling
unwell or because of a steady increase in parasite
density.
Of 27 children given a single dose of 10 mg/kg of

body weight, one became negative on day 1, 6 were
negative on day 2, 12 on day 3, 13 on day 4, 14 on days
5 and 6, and 13 on day 7. Thus, at the end of the 7-day
observation period, 12 of the 25 children examined
(48.0%) were still positive. The mean parasite density
dropped consistently during the first four days after
treatment, but started to increase again on day 5, and
four children had high individual counts on day 7.
Some of the children were again given chloroquine
during the 7-day observation period- child no. 20 on
day 4, children no. 22 and no. 23 on day 5, and child
no. 5 on day 6.

All schoolchildren who participated in the trial
were given 20 mg of chloroquine per kg of body
weight on day 7 in two separate doses. Only the first
of these doses was supervised, and some of the
children were then followed up for a further 10 days.
Among the first group (originally given 5 mg/kg of
body weight), 2 were examined and found to be
positive on day 14, 2 out of 4 were positive on day 16,
and 4 out of 6 were positive on day 17.

Seventeen children who had originally received

Table 1. The effect of 5 mg of chloroquine/kg of body weight on P. falciparum infections in Mto-wa-Mbu, March
1981

Chloro- No. of asexual parasites per mm3 of blood Urine test

Serial Age Weight quine Day Day
no. Patient Sex (years) (kg) (mg of Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 0 1

base)

1 S.W. M 11 23 125 2 900 250 480 - 80 60 NT 1 400 - +
2 E.E. F 8 22 125 2 500 2 100 110 1 000 580 1 800 190 220 - +
3 M.M. F 8 22 125 16 000 9 600 120 8 8 70 4 280 - +
4 T.H. F 10 25 125 1 400 230 60 8 60 50 140 330 - +
5 Z.J. M 9 28 150 7 700 15 000 12 000 4 12 8 34 400 - +
6 I.W. M 10 28 150 6 100 5 400 NT 260 80 310 NT 500 - +
7 E.F. F 9 24 125 750 500 NT 32 - 240 160b 420 - +
8 I.J. M 12 20 100 51 000 6 600 240 160 60 NT NT 240 - +
9 B.M. M 10 25 125 2 500 300 240 160 1 400 860 2 800 9 900 - +

10 H.H. F 9 25 125 4 800 2 500 1 600 1 800 2 000 1 800 200b 1 400 - +
1 1 R.A. F 1 1 25 125 4 700 500 100 - 20 - - 460 - +
12 E.H. F 11 28 150 1 600 300 140 80 160 740 3900 5000 - +
13 R.W. F 8 21 100 4 600 300 1 000 1 600 NT 5 700 NT 9 800 - +
14 E.B. F 9 29 150 4 500 3 500 620 31 000 15o0b 64o0 b 40 1 300 - +
15 Z.J. F 8 26 125 5600 7500 8 - - 8 - 220 - +
16 A.J. F 10 18 100 9 400 3 700 5 300 320 2 100 230 5 700 8 000 - +
17 H.K. F 9 19 100 5 100 5 500 3 200 750 2 000 220 4 500b 6 800 - +
18 A.D. F 8 21 100 4 500 4 500 3 100 2 200 2 700 370 3 000 4 600 - +
19 M.F. F 12 26 125 66 000 35 000 1 400 1 500 1 000 440 6 100 4 600 - +
20 D.A. F 8 18 100 2 600 2 000 290 120 380 300 5 400 9 000 - +
21 N.A. F 10 28 150 6900 3600 24 410 110 720 8000 5300 - +
22 E.B. F 10 25 125 4 500 24 8 2 4 50 96 320 - +
23 E.A. F 9 26 130 2 900 3 400 17 000 8 000 2 200 8 300b 9 000 - - +
24 F.R. F 9 27 130 3 600 600 - 70 - - 20 40 - +

' NT =Not tested.
b Retreated with 300 mg of chloroquine.
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Table 2. The effect of 10 mg of chloroquine/kg of body weight on P. falciparuni infections in Mto-wa-Mbu, March
1981

Chloro- No. of asexual parasites per mm of blood Urine test
Serial Age Weight dose
no. Patient Sex (years) (kg) (mgof Day Daybamg Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 0 1

1 S.Z. F 11 27 280 5 300 250
2 M.S. M 12 28 280 3 500 1 200
3 K.S. M 11 21 200 2900 -
4 S.A. M 8 21 200 2 900 1 000
5 H.S. M 11 20 200 44 000 2 000
6 M.M. M 8 24 250 3 400 3 700
7 B.J. F 9 20 200 5 100 480
8 C.B. M 9 24 250 17 000 33 000
9 K.R. M 8 22 230 3 300 1 400
10 J.S. M 11 23 230 600 200
11 A.W. F 10 22 230 5 500 200
12 F.J. M 9 19 200 5 900 1 000
13 A.S. M 9 18 200 1 300 500
14 E.E. M 10 19 200 1 300 1 100
15 E.F. F 9 24 250 3 200 2 300
16 M.l. F 12 34 350 15 000 5 100
17 M.T. F 9 18 200 11 000 2 000
18 I.l. F 13 29 300 3 500 3 300
19 P.A. M 10 24 250 4600 900
20 S.D. M 9 18 180 1 300 300
21 A.M. M 9 21 200 3 600 940
22 P.J. M 8 19 200 5 700 1 400
23 K.P. M 15 32 330 5 100 2 700
24 S.L. M 12 30 300 3 000 430
25 L.L. M 13 30 300 3 200 580
26 J.H. M 11 24 250 5600 2900
27 M.J. M 12 23 230 7 200 1 700

B
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NT
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3
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8
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4
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4
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1

100
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b
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860 1 600 - +
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NT NT - +
120b 1 600 - +
- 8 - +
_- - +

_- - +

80 450 - +
NT 1 800 - +

_- - +

NT - - +
_- - +

_
- +
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NT - - +
120 150 - +
30 1800 - +
- 50 - +
4 - - +

4 24 - +
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a NT =not tested.
b Retreated with 300 mg of chloroquine.
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Fig. 2. Geometric mean parasite density in schoolchildren after administration of chloroquine. A -single dose of
5 mg/kg of body weight; B - single dose of 10 mg/kg of body weight; C - 25 mg/kg of body weight given over 3 days
(WHO Standard Field Test).
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Table 3. The effect of 25 mg of chloroquine/kg of body weighta on P. falciparum infections in Mto-wa-Mbu, April
1981

Chloro- No. of asexual parasites per Urine test
quine mm3 of blood Uiets

Serial Age Weight dose (mg
no. Patient Sex (years) (kg) of base) Day 0 Day 1 Day 2 Day 3b Day 0 Day 1 Day 2 Day 3 Day 6

1 F.S. M
2 D.J. M
3 F.E. M
4 Z.A. F
5 S.J. M
6 Z.A. F
7 M.D. M
8 A.H. F
9 M.B. F
10 L.H. F
11 E.E. M
12 F.D. M
13 B.M. F
14 O.F. F
15 R.Z. F
16 T.V. F
17 A.R. F
18 S.M. F
19 S.M. F
20 M.F. F
21 H.M. F
22 S.M. M
23 B.L. F
24 M.J. F
25 N.M. M

11
11
8
7

10
10
10
10
8
8

11
11
12
11
11
11
13
10
10
10
12
13
14
11
13

23
26
20
20
23
25
21
20
24
27
25
25
25
28
34
33
27
25
30
25
40
28
40
28
31

580
650
500
500
580
625
530
500
600
675
630
625
625
710
855
835
690
625
750
625
1000
710
1000
710
790

3900 4300 - -
1 000 260 - -
2 700 24 - -
870 11000 40 -

8 600 15 000 28 -
1 000 2 100 8 -
8 000 4 000 - -
3 800 130 - -
6 300 320 - -
2 700 1800 - -
1 100 64 - -

14 000 4 500 - -
25000 5100 43 -
3 600 - - -

11 000 8 - -
20000 2 400 300 -
3 800 3 600 9 -

42 000 30 - -
3800 3000 - -

30 000 230 - -
9 100 11 500 48 -
5000 6300 8 -
2600 2200 - -
34000 6 100 32 -
14 000 20 000 200 -

a Administered over 3 days.
b All tests done after day 3 were negative.

10 mg/kg of body weight and were then retreated In vitro tests
with 20 mg/kg of body weight on day 7, were all In the chioroquine test, there was little or no
negative 6 days after the administration of the last schizont development in 10 cases tested, while other
dose of chloroquine. However, 6 out of 14 examined infections on the same test plate developed
were positive on day 16, and 5 of 11I on day 17. satisfactorily. This indicated a previous history of

medication undetected by the Dill & Glazko test, and
not remembered by the schoolchildren, the majority

WHO StandardField Test. All schoolchildren who of whom were relatively young. These cases, plus
received 25 mg of chloroquine/kg of body weight thirteen others who had less than 20 schizonts in the
(10 mg on day 0, 10 mg on day 1, and 5 mg on day 2) control well, were excluded from the test. The final
became negative by day 3 and remained negative until analysis of the chloroquine in vitro tests carried out at
day 9. Mto-wa-Mbu was, therefore, based on 21 subjects.

Table 4. Results of in vitro microtests carried out on 47 subjects in the Shirati area in 1980

Chloroquine concentration lismol/litre of blood)

0 0.0712 0.1520 0.3246 0.4782 0.6930 1.4794

Cumulated no. of
schizonts/200 asexual 4190 2910 1545 556 257 28 4
parasites

Percentage inhibition 30.1 63.1 86.7 93.9 99.3 99.9
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Table 5. Results of in vitro microtests carried out on 21
subjects in Mto-wa-Mbu in 1981

Chloroquine concentration
(Amol/litre of blood)

0 0.2 0.4 0.8 1.14 1.6

Cumulated no. of
schizonts/200 1611 1288 700 152 1 1 0
asexual
parasites

Percentage inhibition 20.0 56.5 90.6 99.3 100.0

The results were compared with results of similar
tests carried out in the Shirati area of the north-east of
the United Republic of Tanzania in 1980 (Tables 4
and 5).! Chloroquine was introduced into the latter
area in 1978 as a chemosuppressant in schoolchildren
up to 10 years of age (8).

In Fig. 3, the percentage schizont inhibition
observed at each chloroquine concentration in the
two areas has been plotted on a probability scale.
Regression lines have been adjusted by the technique
of probit analysis and the essential estimated pa-
rameters are shown in Table 6.

d The apparent difference in the chloroquine concentrations used
in Shirati and Mto-wa-Mbu is due to the correction factor applied to
the Shirati concentrations to allow for the amount of chloroquine
absorbed by the test plate material.

Table 6. Parameters of probit regression lines fitted to
observed schizont inhibition according to chloroquine
concentration

Parameters Shirati Mto-wa-Mbu

Slope 2.612 3.833
Standard error of slope 0.033 0.080
50% effective dose (EDso)
(;tmol/litre of blood) 0.1136 0.3458
Upper 95% confidence limit 0.1276 0.4281
Lower 95% confidence limit 0.0994 0.2656

99% effective dose (ED")
(;tmol/litre of blood) 0.8869 1.4024
Upper 95% confidence limit 1.1694 3.0009
Lower 95% confidence limit 0.746 0.9600

The results of the mefloquine and quinine tests indi-
cated a normal response of P.falciparum to both
drugs. However, both tests are in the process of
standardization and the results should be considered
as tentative.

Ophthalmological examination results

It was not possible to detect any cases of retino-
pathy that could be related to the prolonged use of
4-aminoquinolines among the patients examined.

99.9 T TTII!j
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90.0 __00
. 0.0 0 0
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Fig. 3. Schizont inhibition in the in vitro chloroquine microtest, on subjects from Shirati and Mto-wa-Mbu, showing
probit regression lines for the two studies.
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DISCUSSION

Studies carried out in 1970 on asymptomatic
schoolchildren in different localities in the north-east
of the United Republic of Tanzania, showed that
5 mg of chloroquine/kg of body weight consistently
produced a complete P.falciparum trophozoite
clearance within 72 h of administration of the drug. It
was also concluded that 10 mg/kg of body weight was
adequate for routine treatment of P.falciparum
infections occurring in the semi-immune population
of this area. At Mto-wa-Mbu, asymptomatic P.falci-
parum infections were proved to be fully susceptible
to a single dose of 2.5 mg of chloroquine per kg of
body weight and it was concluded that the long ex-
posure to small chloroquine doses had apparently not
induced the appearance of less sensitive strains of
P.falciparum (2).
The results obtained in the present studies have

shown that the situation has changed significantly:
only a few children became negative during the obser-
vation period after the administration of 5 mg of
chloroquine/kg of body weight and all subjects but
one were again positive on day 7, some of them with
heavy parasitaemia. Trophozoite clearance was not
always obtained even when the single dose was in-
creased to 10 mg/kg of body weight. On the contrary,
12 out of 25 subjects examined (48.0%) were again
positive on day 7. In both instances the parasite
density was so high in some of the subjects under trial
that it was necessary to give a further dose of chloro-
quine during the observation period. It may be argued
that the groups studied in 1970 and in 1981 were not
strictly comparable. The P.falciparum infections
seen in 1970 included a wide variety of parasite
densities, with light to heavy degrees of asexual
parasitaemia, and patients were followed up for only
5 days, while in the present studies all subjects selected
for the trial had a very high parasitaemia (the great
majority had more than 1000 parasites per mm3 of
blood), and the observations were continued for 7
days after treatment.

If the load of infection affects the drug sensitivity
of the parasite, some breakthroughs could have
been expected among these heavy infections. How-
ever, all heavy parasitaemias treated with 5 mg of
chloroquine/kg of body weight in 1970 responded
quickly to this regimen with trophozoites being
cleared in 72 h.
The present investigations have shown that tropho-

zoite clearance could be obtained in 100% of the
subjects treated only with a chloroquine dosage of
25 mg/kg of body weight, distributed over a 3-day
period. The fact that all children remained negative
until day 9 does not exclude the possibility that RI
responses were present among the subjects under

study.
When the results of the present in vivo studies are

compared with those carried out in 1970, it can be
concluded that the chloroquine sensitivity of P.falci-
parum strains in Mto-wa-Mbu has greatly dimin-
ished. An indirect confirmation of this change was
also provided by the treatment failures that followed
the administration of 20 mg of chloroquine per kg of
body weight to children who had received 5 or
10 mg/kg of body weight seven days previously. The
possibility that infections could have developed after
the administration of the first dose is ruled out by the
second administration of the drug, which is con-
sidered more than adequate to suppress any latent
infection among the schoolchildren.
The results of the in vitro tests are in line with those

obtained in vivo. If the response to chloroquine
exposure obtained in the two series in Shirati and
Mto-wa-Mbu are compared, it appears that in Mto-
wa-Mbu the ED5o was 0.3458 ltmol/litre of blood
while in Shirati it was 0. 1 136 Amol/litre (see Table 6).
This is a significant shift towards chloroquine refrac-
toriness. The EDss values were 1.4024 Amol/litre at
Mto-wa-Mbu and 0.8869 1tmol/litre in Shirati;
although this difference was not significant, the EDa9
for Mto-wa-Mbu was higher than the discriminating
dosage for RI resistance (1.14 itmol/litre of blood or
5.7 pmol/well).
The comparison of the two regression lines shows

that the slope for Shirati was lower than that for Mto-
wa-Mbu, indicating a higher heterogeneity in the
degree of sensitivity to chloroquine of P.falciparum
strains in Shirati. When individual results are scruti-
nized, schizont development was observed at a
chloroquine concentration higher than 1.14 gmol/
litre in only one individual out of 47 in Shirati, and in
3 out of 21 cases at Mto-wa-Mbu.
The above findings are, as far as is known, the first

reports of P.falciparum chloroquine resistance (at RI
level) found in the course of systematic studies carried
out among a semi-immune population in Africa,
south of the Sahara. One case of P.falciparum
chloroquine resistance (RI) in a Tanzanian subject
has been reported recently.'

It is likely that the sensitivity of P.falciparum
strains to chloroquine is greater in other areas of the
United Republic of Tanzania, although occasional RI
resistant cases may be encountered. There have been
recent reports of P.falciparum resistance to
4-aminoquinolines at RI level among Caucasian
tourists who had contracted the disease while visiting
the country (9-11). The phenomenon is certainly not
confined to the United Republic of Tanzania, as this
type of resistance has been reported in non-immune

' VERNAI, F. ET AL. Chloroquine-resistant malaria case,
imported from Tanzania. WHO unpublished document, WHO/
MAL/81.943 (1981).
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subjects from other countries of East Africa, namely
Kenya (11-14), the Comoros (15), Zanzibar (16),
and more recently, Madagascar (17).

In West Africa, studies recently conducted in the
Ivory Coast have indicated that chloroquine resist-
ance is present there (18); the same suspicion emerged
from a case study of a European woman in Nigeria
(19) and from in vitro tests carried out during a train-
ing course in Cotonou in 1980 (D. Payne, unpub-
lished observation).
P.falciparum resistance to chloroquine at RI level

has appeared only recently in tropical Africa. There
were earlier unconfirmed reports of chloroquine
resistance in Liberia and Upper Volta (20), Uganda
(21), and Zambia (22), but there was still no
convincing evidence of resistance in Africa by 1970
(23). Since then, however, additional reports from
Ethiopia (24), Nigeria (25), Sudan (26), and Zambia
(27) have raised strong suspicions that chloroquine-
resistant falciparum malaria has emerged there.

The first report of resistance from East Africa,
satisfying the WHO field test criteria, appeared in
1979 (12).

It is difficult to determine how the parasite has
developed this drug resistance. Resistant parasites
may have been imported into East Africa from South-
East Asia and found a suitable environment for their
establishment. The increased availability and con-
sumption of 4-aminoquinolines in recent years and
their use in subcurative doses, may have promoted
selection of a mutant with measurable drug resistance
(28).f
The emergence of P.falciparum chloroquine

resistance at RI level among semi-immune subjects
has several practical implications. Chloroquine or
amodiaquine can still be used for radical treatment of
falciparum malaria, provided it is given at the stan-
dard recommended dosage of 25 mg of base/kg of

f BEALES, P. F. The containment of resistant falciparum
malaria. WHO Unpublished document, WHO/MAL/81.931
(1981).

body weight over a 3-day period. Cases not respond-
ing to this treatment should be radically treated with
either quinine or a single dose of 1500 mg of
sulfadoxine and 75 mg of pyrimethamine (adult
dose). In addition, all these cases should be given an
effective gametocytocide such as a single dose of
30-45 mg of primaquine (adult dosage). Doubts can
be raised, however, about the advisability of using
chemosuppression on a wide scale in an attempt to
control malaria in tropical Africa. Control projects
based on chemosuppression with 4-aminoquinolines
are under consideration in several countries in the
region, but their implementation should be post-
poned until more is known about the parasite
response to the drug and the host-parasite relation-
ship.
Cases of retinopathy in patients who have been

taking regular doses of 4-aminoquinolines for many
years continue to be reported in the literature
(29-33). However, the present investigation found
no cases of retinopathy among the 221 subjects
selected for their long-term residence in the area.

This seems to confirm that the development of
iatrogenic changes in the eye, associated with the
administration of 4-aminoquinolines, depends on the
total amount of drug taken over the years.

It has recently been reported that the typical "bull's
eye" lesion may develop after 12-20 years of con-
tinuous consumption of the drug, amounting to a
total dosage of 360-1300 g (34).

It can be estimated that the total amount of chloro-
quine taken by the Mto-wa-Mbu residents was
between 130 and 170 g (138 mg or 170 mg weekly
over a period of about 18 years). This is probably an
underestimate as, although the medicated salt was not
always available, a large number of chloroquine
tablets were also consumed, especially during the last
ten years. However, even if the total amount of
chloroquineper capita was higher than estimated, it is
still far below the danger level.
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RtSUMt

APPARITION D'UNE RESISTANCE DE PLASMODIUM FALCIPARUM A LA CHLOROQUINE
AU SEIN D'UNE POPULATION SEMI-IMMUNE DE LA REPUBLIQUE-UNIE DE TANZANIE.

1. RESULTATS D'ETUDES IN VIVO ET IN VITRO ET D'UNE ENQUETE OPHTHALMOLOGIQUE

La sensibilit6 a la chloroquine de souches de Plasmodium
falciparum a ete 6tudiee dans une localite du nord-est de la
R6publique-Unie de Tanzanie ou l'emploi de sel m6dica-
menteux a base de chloroquine utilis6 a des fins chimiopro-
phylactiques remonte a une vingtaine d'ann6es, et oui durant
la derniere d6cade de grandes quantites de chloroquine ont
6te disponibles pour le traitement du paludisme.
Des doses uniques de chloroquine (5 ou 10 mg de base par

kg de poids corporel) n'ont pas permis d'6liminer les tropho-
zoites de P.falciparum chez des porteurs de parasites
asymptomatiques choisis parmi les enfants d'age scolaire. A
titre de comparaison, il est remarquable que l'6limination
avait ete obtenue facilement dix ans plus tot avec 5 mg de
base par kg de poids corporel dans plusieurs localites de la
meme r6gion.
Dans tous les cas, il a et possible d'6liminer des le troi-

sieme jour les parasites asexues du sang peripherique avec
une dose totale de 25 mg de base par kg de poids corporel
donn&e sur une periode de trois jours. Les formes asexuees

n'ont plus ete trouv6es au cours des neuf jours suivant
l'administration du m6dicament.
Tous les 6coliers, qui avaient re,u 5 ou 10 mg de base par

kg de poids corporel au debut de l'etude ont ete trait6s avec
une dose suppl6mentaire de 20 mg de base par kg de poids
corporel apres une periode d'observation de sept jours.
Chez quelques-uns de ces enfants les parasites asexu6s ont
reapparu dans le sang peripherique sept A dix jours apres la
seconde administration du m6dicament.

L'etude in vitro de la sensibilite de P.falciparum A la
chloroquine a revle une inhibition des schizontes chez 3 des
21 cas soumis A l'epreuve microtechnique pour une concen-
tration de chloroquine de 1,14 ismol par litre de sang, dose
discriminante de resistance au niveau RI.
Aucun cas de r6tinopathie attribuable A I'usage prolong6

de chloroquine n'a e depiste parmi les 221 personnes qui
avaient passe plus de 16 annees consecutives dans la
localite.
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