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An. nili in Nigeria, and determined that, none the
less, DDT plus malathion were quite effective
against it.

It is of interest to examine the risk of malaria
transmission by outdoor-biting An. nili. The
inhabitants of the region studied rarely sleep
out-of-doors during the wet season although some
will retire to temporary field huts of grass while
crops mature. Young adults are given to walking or
canoeing long distances, and as a result they are
exposed to outdoor-biting vectors. The situation is
exacerbated by the constant movements of Nilotes
to and from the southern Sudan and from other less
accessible malarious areas within Ethiopia. Thus,
under conditions of total insecticidal coverage, the
possibility of transmission remains.
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The Effect of Small Single Doses of Chloroquine
on Plasmodium falciparum Infections in North-eastern Tanzania *

by JAN LELIJVELD1 & FABIAN MZOO 2

Since the detection of strains of Plasmodium falci-
parum resistant to drugs of the 4-aminoquinoline
group in South America and South-East Asia,
awareness of the problem has spread to malario-
logists and clinicians in Africa.

Cases of apparent resistance have since been
reported in publications and in service reports of
medical and public health workers from various
regions of Africa, including East Africa. Although
none of these reports could be substantiated (see,

* This investigation received financial support from the
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1 Director, East African Institute of Malaria and Vector-
borne Diseases, Amani, Tanzania.

' Senior Malaria Field Officer, Malaria Service, Tanga,
Tanzania.

for instance, the work of Jeffery & Gibson (1966) in
Liberia and Upper Volta and of Wolfe & Hudle-
stone (1969) in Zambia), the possibility that such
strains might occur causes concern.
The present investigations were carried out from

November 1967 to August 1968, mainly in the Tanga
region of north-eastern Tanzania where malaria is
hyper- to holoendemic. An additional investigation
carried out in the Mto wa Mbu settlement, in the
Arusha region, is also reported.

In some localities the standard field test was used
to determine the response of malaria parasites (WHO
Scientific Group on Resistance of Malaria Parasites
to Drugs, 1965). In other localities we followed a
suggestion made by Pringle & Lane (1966) and tried
to establish a 50% trophozoite clearance dose
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(TCDso) as a possible parameter of the susceptibility
to chloroquine of local falciparum infections. For
this purpose parasite carriers received various small,
single doses of chloroquine.

In the Tanga region, a substantial awareness exists
of the potential dangers of drug resistance occurring
in P. fakciparum. This is mainly due to the work of
Clyde & Shute (1957b) and Laing (1965) who estab-
lished the presence ofP.falciparum infections resistant
to pyrimethamine and cross-resistant to proguanil
and chloroproguanil. Whereas several reports from
other parts of East Africa were easily refuted on the
basis of faulty diagnosis or errors of treatment, the
apparent resistance to chloroquine reported from
the Handeni area in the Tanga region sounded seri-
ous enough to warrant a more detailed investigation.
Other investigations were subsequently carried out
in Tongwe, Lusanga, Moa and Mto wa Mbu.

In Tongwe in the middle Zigi valley of the Tanga
area, the total school population had been given
weekly chloroquine for two school terms prior to the
start of these investigations.
The Moa area lies on the border with Kenya

astride the Mombasa road. This location was selected
because of persistent, but not yet substantiated,
reports of chloroquine resistance in Mombasa.
At the Mto wa Mbu settlement near Arusha,

a chloroquine-medicated-salt scheme, introduced in
1961, has, with a short interruption, continued until
today.

Malaria is highly endemic in nearly all these areas
and transmission is intense for at least part of the
year. In Mto wa Mbu, the state of holoendemicity
which existed prior to 1961 has since changed con-
siderably owing to the use of medicated salt.

Methods
The majority of the test subjects of our investiga-

tions were asymptomatic parasite-carriers detected
among the local school populations. Attempts were
also made to treat and follow up cases of acute
malaria among patients attending local hospitals or
dispensaries. This proved, however, to be a largely
frustrating procedure owing to the fact that the
majority ofthe patients failed to return, or discharged
themselves, once clinical symptoms had subsided.

Daily thick and thin blood films were obtained
from our test subjects by finger puncture. These
were stained in the routine manner with Giemsa.
Experienced malaria assistants and one of the au-
thors examined the slides. A slide was declared nega-
tive only after 200 thick-film fields had been

examined, using an oil-immersion objective, without
finding a single asexual parasite. When P. falciparum
trophozoites were encountered, they were counted
against 500 white blood cells. In order to arrive
at an approximate trophozoite count per mm3 of
blood, the number of trophozoites counted was
multiplied by 16, assuming a white cell count of
8000/mm3. The densities were also classified accord-
to Bruce-Chwatt's (1958) density classes from which a
parasite density index (PDI) was derived.
The day of taking the initial blood film was desig-

nated day 0. Every subsequent day for a total of
5 days after treatment (day 1-day 5), blood films were
taken and examined from each subject. All slides
were preserved and double-checked at the East
African Institute of Malaria and Vector-borne
Diseases at the end of each survey.

Immediately after the initial films were taken
each subject received the appropriate dosage of
chloroquine according to the body-weight, measured
with a standard type of bathroom scale which had
been found to give accurate readings. The chloro-
quine salts used were chloroquine sulfate and chloro-
quine phosphate in tablets of250 mg, each containing
150 mg of the base.
The ingestion of the chloroquine was closely super-

vised. Each subject was made to swallow the dose
with plenty of water and then had his mouth
inspected. Whenever possible, urine samples were
taken before and after treatment and tested for the
presence of chloroquine using the Dill & Glazko
eosin colour test (Lelijveld & Kortmann, 1970).

In an attempt to ensure the daily follow-up for
the required period of post-treatment observations,
a placebo of calcium lactate tablets was given
each day.

Results
In Handeni, a total of 508 youngsters (aged 0-14

years) including 216 P. falciparum trophozoite car-
riers, were given chloroquine I in a single dose of
10 mg/kg. As may be seen from Table 1, the dosage
employed resulted in the disappearance of all tropho-
zoites from the circulation within 72 hours after
treatment. Graph A in the accompanying figure
shows the day-to-day response of the parasitaemias
as measured by parasite rates and parasite density
indices, calculated for trophozoites only.

In Tongwe school, attended by about 250 pupils
who had received weekly chloroquine during the

1 AU chloroquine doses are given in terms of the base.
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TABLE 1
THE EFFECT ON P. FALCIPARUM TROPHOZOITES OF A SINGLE DOSE OF 10 mg/kg BODY-WEIGHT OF CHLOROQUINE

IN ASYMPTOMATIC AND SYMPTOMATIC CASES IN 5 LOCALITIES IN NORTH-EASTERN TANZANIA

At time of treatment Response to treatment

Period No. ~~Median Per- Median Percentage parasite-positivePeriod Age- of weight centage parasite a 24ndno.rpositive/no. eament
Loclit i vetion (yerops) bjects in kg (and no.) density/mm3 (and no. positive/no. examined)a1tion yeas examined (and range) positive (and range) Day 1 Day 2 Day 3 Day 4 Day 5

Asymptomatic carriers

Handeni 13 Nov. 1967 0-4 93 13.0 28 880 - 18 - 0 0
(Graph to (7-21) (26) (16-80 640) (4/22)
A) 27 Nov. 1967

5-9 175 24.0 39 224 67 7 0 0 0
(14.5-32.5) (69) (16-48 960) (22/33) (5/67)

10-14 240 31.0 50 128 53 9 0 0 0
(20.5-52) (121) (16-19 876) (52/99) (10/112)

Tongwe 22 Nov. 1967 5-9 86 24.5 57 832 57 13 - - 0
(Graph B) to (19.0-40.5) (49) (32-68 640) (23/40) (6/45)

28 Nov. 1967
10-14 115 31.5 42 400 57 2 - - 0

(18.5-61.5) (48) (16-33 856) (27/47) (1/44)

15-19 22 46.5 14 336 67 50 - - 0
(28.5-65.0) (3) (256-2 096) (2/3) (1/2)

Lusanga 15 Jan. 1968 5-9 11 25 82 608 89 0 0 0 0
(Graph to (21-29.5) (9) (96-3 888) (8/9)
C) 21 Jan. 1968

10-14 37 28 68 544 48 9 0 0 0
(18.0-49) (24) (32-3 040) (11/23) (2/22)

Moa 10 July 1968 5-9 38 25 61 448 91 53 0 5 0
(Graph to (17.0-35.0) (23) (16-41 520) (19/21) (10/19) (1/21)
D) 15Aug.1968

10-14 43 35 54 280 96 61 0 11 0
(25.0-55.0) (24) (16-17248) (22/23) (14/23) (2/19)

Symptomatic carriers

Handeni, 1967 0-4 14 11.0 100 13 760 93 89 8 0 0
Tongwe, to (6.5-20.5) (544-92 475) (13/14) (8/9) (1/12)
Lusanga, 1968
Moa, 5-9 10 22.3 100 4 276 100 44 0 0 0
and (17.0-30.0) (288-16 720) (9/9) (4/9)
Mto wa
Mbu 10-14 4 32 100 6 784 100 50 0 0 0
(Graph E) (1 168-9 560) (4/4) (2/4)

r.
15-19 4 50 100 2 848 66 25 25 0 0

(80-6 288) (2/3) (1/4) (1/4)

>20 8 61.3 100 3 488 100 17 0 0 0
(51.0-76.5) (218-36800) (7/7) (1/6)

a The fluctuating numbers are due to some patients failing to attend on certain days.



NOTES

RESPONSE OF P. FALCIPARUM INFECTIONS TO A SINGLE 10 mg/kg DOSE OF CHLOROQUINE BASE,
EXPRESSED AS DAILY PARASITE RATES AND PARASITE DENSITY INDICES a

a Trophozoites only.

preceding school terms, the parasitaemias contracted
during a 4-week holiday were treated at the beginning
of the next school term, with chloroquine, in a single
dose of 10 mg/kg (see Table 1). During the 5-day
post-treatment follow-up trophozoites disappeared
in all cases. B in the figure shows the day-to-day
response of the asexual parasitaemias in terms of
parasite rate and parasite density index.

In Lusanga, 95 out of a total of 142 children
examined aged 5-14 years were found to be asymp-
tomatic carriers of trophozoites of P. falciparum
(Tables 1, 2 and 3). The children were divided into
3 groups: 48 received a single dose of 10 mg chloro-
quine per kg of body-weight; 47 received 5 mg/kg;
and 47 received 2.5 mg/kg. During the 5-day follow-
up, both the 5-mg and 10-mg chloroquine doses
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TABLE 2
THE EFFECT ON P. FALCIPARUM TROPHOZOITES OF A SINGLE DOSE OF 5 mg/kg BODY-WEIGHT OF CHLOROQUINE

IN ASYMPTOMATIC CARRIERS IN LUSANGA AND MOA IN TANZANIA

At time of treatment Response to treatment

Period No. Median Per- Median Percentage parasite-positive
of Age-of weight centage parasite ~~~at 24-h intervals after treatment

Locality nvestiga- group subjects in kg (and no.) density/mm (and no. positive/no. examined)a
tion (years) examined (and range) positive (and range) Day I Day2 J Day3 Day44 Day 5

Lusanga 15 Jan. 1968 5-9 10 23 60 480 50 17 0 0 0
to (21-29.5) (6) (16-10 112) (3/6) (1/6)

.21 Jan. 1968
10-14 37 28.5 73 208 76 8 0 0 0

(21-36) (27) (16-340) (19/25) (2/24)

Moa 10 July 1968 5-9 14 25.5 43 240 100 67 0 0 0
(21-30) (6) (120-10 560) (6/6) (4/6)

to
15Aug.1968 10-14 47 35 26 320 100 50 0 0 0

(25-46) (12) (80-7 920) (12/12) (6/12)

15-19 9 53 33 80 50 50 0 0 0
(3) (80-1 240) (1/2) (1/2)

a The fluctuating numbers are due to some patients failing to attend on certain days.

TABLE 3
THE EFFECT ON P. FALCIPARUM TROPHOZOITES OF A SINGLE DOSE OF 2.5 mg/kg BODY-WEIGHT OF CHLOROQUINE

IN ASYMPTOMATIC CARRIERS IN 3 LOCALITIES IN TANZANIA

At time of treatment Response to treatment

Period No. Median Per- Median Percentage parasite-positive
Cl Agrou sujet weight centage parasite at 24-h intervals after treatmentLocality gtia f in kg (andno) y/MeM3 (and no. positive/no. examined) ainvestia (years) sujcs g(and no)aenstmm ___________ ___

tion- examined (and range) positive (and range) Day 1 Day 2 Day 3 Day 4 Day S

Lusanga 15 Jan. 1968 5-9 10 25 60 704 100 33 0 0 0
to (23-28.5) (6) (176-4 288) (6/6) (2/6)

21 Jan. 1968
10-14 37 29 62 720 87 23 10 9 9

(18-49) (23) (32-4 000) (20/23) (5/22) (2/21) (2/22) (2/22)

Moa 9 Aug. 1968 5-9 39 25 59 288 87 77 50 0 20
to (15-36) (23) (80-5 600) (20/23) (17/22) (10/21) (4/20)

15 Aug.1968
10-14 75 27 47 320 93 39 13 20 9

(17-45) (35) (80-14 400) (28/30) (13/33) (4/32) (6/29) (3/32)

Mto wa 25 March 5-9 103 25 10 4 336 25 25 0 0 0
Mbu 1968 to (16-32.5) (10) (128-98 528) (2/8) (2/8)

18 April
1968 10-14 86 31.5 13 3 168 20 11 0 0 0

(24.5-48.5) (11) (80-31 280) (2/10) (1/9)

l15 9 49.5 44 432 25 0 0 0 0
(36.5-55.5) (4) (160-960) (1/4)

a The fluctuating numbers are due to some patients failing to attend on certain days.
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resulted in 100% trophozoite clearance within
72 hours (Tables 1 and 2; C in the figure). The 2.5-mg
dose, however, produced trophozoite clearance in
only 93% of cases, i.e., it cleared 27 out of 29 para-
sitaemias within 3 days (Table 3). Prior to treatment
2 persistent parasitaemias had a parasite density well
within the range of the group.
The survey in Moa area revealed the presence of

126 asymptomatic parasitaemias due to P. falciparum
among 265 local schoolchildren. Three groups of
114, 70 and 81 children, respectively, were given
chloroquine in single doses of respectively 2.5 mg/kg,
5 mg/kg or 10 mg/kg. During the 5-day follow-up,
the doses of 5 mg/kg and 10 mg/kg resulted in tropho-
zoite clearance in all cases (Table 1 and D in the
figure (10 mg/kg) and Table 2 (5 mg/kg)). However,
in the group that received chloroquine in a single
dose of only 2.5 mg/kg, the trophozoites disappeared
in only 87% of cases within this period (Table 3).

In Mto wa Mbu, the chloroquinized-salt-scheme
area, the parasite rate in the local schoolchildren
was found to be only 13 % (25/198). Because of the
dearth of P. falciparum parasitaemias it was decided
first to treat each infection with a chloroquine dose
of 2.5 mg/kg. Since this dose cleared all trophozoites
within 3 days, no further investigations using higher
doses were made (see Table 3).
Only 12 of the people with acute malaria who

attended the Mto wa Mbu dispensary and were
treated with chloroquine in a single dose of 10 mg/kg
could be followed up. Trophozoites disappeared in
all cases within 4 days after treatment.
Owing to the difficulty in following up parasit-

aemias in patients attending local hospitals and
dispensaries, full results could be obtained for a
total of only 40 sympatomatic infections from the
various localities. These comprised all age-groups.
Treatment with chloroquine in a single dose of
10 mg/kg resulted in all instances in the disappear-
ance of trophozoites within 4 days (Table 1 and E
in the figure). The clinical symptoms responded
more rapidly and disappeared within the first 24-48
hours after treatment.
The few parasitaemias due to P. malariae and

P. ovale encountered during the surveys, in general
as mixed infections with P. falciparum, also re-
sponded fully to the chloroquine doses employed.

Discussion

The P. falciparum infections covered by the present
investigations included a wide variety of degrees of
immunity and parasite density. Non-immune hosts,

from whom more definite conclusions might have
been drawn with regard to the drug sensitivity
of a parasite strain, were unlikely to have been
present among our test subjects. However, a wide
range in degrees of immunity must have been
encountered considering that the test subjects in-
cluded not only very young children, but also
juveniles who had been subjected to chemical sup-
pression of malaria, either by weekly administration
of tablets or by use of medicated salt. They further
included asymptomatic as well as symptomatic infec-
tions, with light to heavy degrees of asexual para-
sitaemia.
The results show that under these conditions a

single chloroquine dose of 10 mg/kg produced in
all cases a 100% trophozoite clearance within 5 days
after treatment. These results therefore give no
indication of the presence of P. falciparum strains
resistant to chloroquine in the north-east of Tanzania.
The results of the attempt to establish a 50%

trophozoite clearance dose (TCD5O) by exposing
trophozoite carriers to single chloroquine doses of
2.5 mg/kg or 5 mg/kg showed that both dosage levels
were highly efficient. The dose of 5 mg/kg always
resulted in 100% trophozoite clearance within 5 days,
and even the dose of 2.5 mg/kg gave at least 87%
trophozoite clearance within that time. These tro-
phozoite clearance rates were therefore too high to
provide a probit for a TCD50.

Earlier data from north-eastern Tanzania reported
by Clyde & Shute (1957a), Clyde (1961) and Pringle
& Lane (1966), and summarized by these latter
authors in a table, also point to the efficacy of such
small doses of chloroquine. These earlier investig-
ators gave single doses of 37.5 mg or 75 mg of chloro-
quine to schoolchildren aged 6-15 years. According
to our data the body-weights of the majority of
schoolchildren from the area are near to the median
weight of 28 kg (though the range was from 18.0 kg
to 63.0 kg). On this basis we may calculate that, in
terms of mg/kg body-weight, the single doses of
37.5 mg and 75 mg, used by the earlier workers,
corresponded to median doses of 1.3 mg/kg (range
0.6 mg/kg to 2.1 mg/kg) and 2.7 mg/kg (range 1.2
mg/kg to 4.2 mg/kg), respectively. Interpretation of
the earlier data in relation to the calculated doses per
kg of body-weight indicates, therefore, that a single
dose of 2.5 mg/kg must have achieved clearance rates
of nearly 1000 0 .
A single dose of 37.5 mg of chloroquine, however,

corresponding to a calculated median dose of
1.3 mg/kg, gave at best a clearance rate of 84%0 (see
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the table in Pringle & Lane, 1966). It would thus
appear that in order to obtain a probit for a TCD50,
as a base-line against which possible changes in
parasite susceptibility could later be measured, the
test doses should vary between 1 mg/kg and 2 mg/kg
of chloroquine.

It should be stressed here that only the drug
susceptibility of the infection can be measured, not
that of the parasite. In a semi-immune population
changes in this susceptibility may be caused by a
variety of other factors in addition to sensitivity
changes by the parasite strain. Decreasing immunity
levels may be ofparamount importance in this respect.
However, because the 5 mg/kg dose has been

shown to produce consistently a 100% trophozoite
clearance rate in asymptomatic carriers, double this
dosage-i.e., 10 mg/kg-should be perfectly ade-
quate for routine treatment of P. falciparum infec-
tions occurring in the semi-immune population of
north-eastern Tanzania.

In the Mto wa Mbu settlement, where medicated
salt (0.30% chloroquine) has been in use since 1961,
all asymptomatic P. falciparum infections occurring
in the local school population were proved to be
fully susceptible to single-dose treatment with
2.5 mg/kg chloroquine. In the relatively small
number of symptomatic P. falciparum infections that
could be sufficiently followed up in the same area,
all trophozoites disappeared within 4 days after
administration of chloroquine in a single dose of
10 mg/kg. The long exposure to small chloroquine
doses seems, therefore, not to have induced the

appearance of less sensitive strains of P. falciparum
in the area.
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The Eosin Colour Test of Dill and Glazko: a Simple Field Test
to Detect Chloroquine in Urine
by JAN LELIJVELD 1 & HENRI KORTMANN 2

In 1961, W. A. Dill and A. J. Glazko (personal
communication) of Parke Davis & Company, Ann
Arbor, Mich., USA, described a field test for the
detection of amodiaquine in medicated salt.
The method of preparation of the reagent used

in this colour test, was as follows:

1 Director, East African Institute of Malaria and Vector-
borne Diseases, Amani, Tanzania.

2 Medical Research Officer, East African Institute of
Malaria and Vector-borne Diseases, Amani, Tanzania.

" 50 mg of eosin (yellowish) are weighed and trans-
ferred to a small glass-stoppered separatory funnel.
100 ml of chloroform (reagent grade) and 1 ml of
IN hydrochloric acid are added, and the mixture is
shaken by hand for a few minutes until the chloroform
assumes a light-yellow colour due to solution of the
eosin. The chloroform layer is allowed to separate, and
may be transferred to a brown glass-stoppered bottle
for storage."

In the presence of an organic base, such as
amodiaquine, the light-yellow colour of the un-
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