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Abstract. Although the presence of multi-drug-resistant falciparum malaria has been reported in the
Philippines, the distribution of drug-resistant malariaparasiteshas not yet been determined in Mindanao
Island. In vitro susceptibility of P. falciparum to both chloroquine and mefloquine was assessed to
forecast the spread of drug-resistant parasitesin various foci in southeastern Mindanao Island. Of the
33 isolates of P. falciparum successfully tested, 10 (30%) were susceptible, 12 (36%) showed de-
creased susceptibility (80 nM = IC, < 114 nM), and 11 (33%) were resistant (IC,, = 114 nM) to
chloroquine. Ten (91%) of the resistant isolates and 9 (75%) of those with decreased susceptibility
were from northern and northwestern Davao del Norte Province. Chloroquine-susceptible isolates
were found among patients in the eastern parts of Davao del Norte and Davao Oriental provinces.
Seven isolates from several foci in the study area were all mefloquine- susceptible (IC,, < 10 nM).
Thisis the first report indicating the potential emergence of chloroquine-resistant P. falciparum on

Mindanao Island, which is presently regarded as a drug-susceptible area.

INTRODUCTION

Malaria is one of the major fatal parasitic
diseases endemic to many tropical and subtropi-
cal regions of the world. Global distribution of
drug-resistant Plasmodium falciparum is mak-
ing malaria treatment increasingly difficult
(White, 1996; Alrajhi et al, 1999). Chloroquine
had been the most reliable antimalarial drug for
more than three decades until the emergence and
spread of drug-resistant P. falciparum rendered
its application ineffective in much of the world
(White, 1996; Alrahi et al, 1999). However, chlo-
roquine remains the drug of choice in a number
of malaria-endemic foci for the treatment of un-
complicated malaria (Okonkwo et al, 2001,
Thanh et al, 2001).
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In the Philippines, malariaisamajor public
health problem; about 11 million people live in
endemic areas. Approximately 31% of the popu-
lation lives in high malaria transmission areas
(Pilarita et al, 1999). Shute et al (1972) first re-
ported in vitro amodiaquine resistance of P.
falciparumisolatesin the Philippines. Asof 1996,
between 23 t0 39% of all casesof fal ciparum ma-
lariain Palawan Island were reported to beresis-
tant to chloroquine (Baird et al, 1996). Although
theexistence of chloroquine-resistant parasitesin
the northeastern Philippines has been reported,
local distribution of drug-resistant isolates on
Mindanao Island has not yet been evaluated. Be-
causetheislandiscloseto Indonesia, where drug-
resistant malaria parasites are very prevalent
(Verdrager et al, 1976; Pribadi et al, 1992), it is
important to survey the drug susceptibility of iso-
latesin the Mindanao region. In this study, thein
vitro susceptibility of P. falciparum isolates to
chloroquine and mefloquine was assessed to
clarify the current distribution of drug-resistant
falciparum malaria on Mindanao Island.
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MATERIALSAND METHODS

Study area

Thisstudy was conducted at Davao Regional
Hospital in Tagum City, Davao del Norte Prov-
ince, located in southeastern Mindanao Idland (Fig
1), between August 1999 and March 2001. Inthis
province, malaria transmission occurs through-
out theyear, with two pesaks, onein July/Septem-
ber and the other in December/January. Plasmo-
diumfalciparumisthe predominant parasite spe-
cies, whereas the frequency of P. vivax is about
30%. All areas of Davao del Norte Province, ex-
cept Tagum City, are known to be highly endemic
for malaria, with the incidence of cases ranging
from 0.2 to 47.9 per 1,000 population in 1993
(Pilaritaet al, 1999). Chloroquineiscurrently the
drug of choicefor thetreatment of uncomplicated
malaria. Most hospitalized patients come from
Asuncion, Kapalong, Laak, and Compostella in
Davao del Norte Province, or from the nearby
provinces of Agusan del Sur and Davao Oriental
(Fig 1).
Patients and sampling strategy

Fifty-seven isolates of P. falciparum were
obtained from symptomatic Filipino patients ad-
mitted to Davao Regiona Hospital. Giemsa-
stained thin blood smearswere examined for iden-

tification of Plasmodium species. After informed
consent was obtained from the patients, venous
blood was collected in atube coated with EDTA
(Venoject vacuum tube, Terumo, Tokyo, Japan).
All samples were drawn before any medication
was given. Part of each blood sample (2 ml) was
mixed with an equal volume of stock solution
(glycerol 35 g, D-sorbitol 3.0 g, NaCl 0.65 g in
100 ml distilled water) for freezing and was pre-
servedinadry, liquid nitrogen shipping container
(\Vapor Shipper, MVE Inc, New Prague, MN) for
transport to Tokyo, where the sampleswere stored
in liquid nitrogen until use.
In vitro drug susceptibility test

Thirty-three of the 57 P. falciparumisolates
were successfully cultivated and used for in vitro
drug susceptibility testing. Thein vitro drug sus-
ceptibility test used in this study was amodified
semi-microtest described previously (Inabaet al,
2001). The cryopreserved blood sample was cul-
tured by the standard method using a multi-gas
incubator until parasitemia reached at least 1%.
The parasites were then synchronized with 5%
D-sorbitol for 15 minutes at room temperature
and were washed with RPMI 1640 medium
(Gibco BRL, Rockville, MD) 3timesby centrifu-
gation at 400g for 5 minutes. After washing, the
erythrocytes were resuspended in RPMI 1640
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Fig 1-L ocation of Davao del Norte Province on Mindanao Island and the locations of the citieswhere the survey was

conducted.
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medium supplemented with 10% human serum
(from non-immune Japanese donors without a
previous history of malaria), 25 mM HEPES, 25
ug ml* gentamicin, and sodium bicarbonate at a
hematocrit of 5% and initial parasitemiaof 1-5%.
Five hundred microliters of the erythrocyte sus-
pension were placed in each well of atissue cul-
ture plate (24-well flat bottom, Corning Costar,
New York, NY). Twenty microliters of chloro-
quine diphosphate were added to each well to give
a series of doubling dilutions from 20 to 10,240
nM. To monitor parasite growth, six wells per
plate served as controlswithout chloroquine. Af-
ter 24 hours' incubation, the control wells were
monitored for parasite growth by observing Gi-
emsa-stained thin-smeared specimens. If thetro-
phozoites had not matured to schizonts, the con-
trol wellswere checked every 6 hours thereafter.
When the schizonts were observed to be fully
grown in the control wells, the culture plate was
removed from the incubator. Thin-smear speci-
mens stained with Giemsa solution were made
from the contents of each well, and the numbers
of erythrocytes counted under a microscope in
the control smearsuntil 50 schizontswere encoun-
tered. Theeffect of chloroquine on parasite growth
was evaluated by observing the decreased num-
bers of schizonts per equal numbers of erythro-
cytes counted previoudly in the control cultures.
The growth inhibition effect (%) was calculated
as follows: test well schizont count/control well
schizont count (50) x 100.

Data analysis

The drug concentration inhibiting parasite
growth by 50% (1C,,) was cal cul ated by the probit
method (Inaba et al, 2001; de Franciso et al,
1988). Isolates with I C,, values between 80 and
114 nM were considered to have decreased sus-
ceptibility, and those with IC_, = 114 nM were
regarded as resistant (Inaba et al, 2001). The
threshold of the IC,, value for mefloquine resis-
tance was considered to be 40 nM (Milijaona et
al, 2000). The Student’s t-test or Welch's t-test
wereused for statistical analysis. A p-value< 0.05
was considered statistically significant.

RESULTS

Theclinical characteristicsof the 33 malaria

Tablel
Characteristics of study patients grouped by city of origin.
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Table 2
Susceptibility of Mindanao isolates of P. falciparum to chloroquine, by province.

Davao del Norte Agusan del Sur Davao Oriental

No. of isolates tested 2 64 3
Susceptible (1C,, <80 nM) 6 (23.0) 1 (25.0) 3 (100)
Decreased susceptibility 10 (38.5) 2 (50.0) 0
Resistant(IC,, = 114 nM) 10 (38.5) 1 (25.0) 0

With IC,, = 640 nM 17 (65.4) 2 (50.0) 1(33.3)
Minimum IC,, (nM) 37 27 43
Maximum IC,, (nM) 263 187 75

Mean IC,+SD (nM) 110 £ 54 104 = 42 64 + 14

Mean+SD data are shown.
Percentages are shown in parentheses.

patients on admission are summarized in Table
1. There were no significant differences in age,
sex, body temperature, or hemoglobin concentra-
tion between the groups of patients from differ-
ent locales. Theresultsof theinvitro chloroquine
susceptibility testsare shownin Table 2. Twenty-
six of the 33 isolates of P. falciparum originated
from Davao del Norte, 4 isolates were from
Agusan del Sur, and 3 were from Davao Orien-
tal. Of the 33 isolates, 11 (33%) were resistant to
chloroquine, 12 (36%) had decreased suscepti-
bility, and 10 (30%) were found to be susceptible.
The IC, values for chloroquine varied from 27-
263 nM, with a geometric mean (+SD) of 104
(£53) nM. Ten of the 11 (91%) resistant isolates
and 10 of the 12 (83%) isolates with decreased
susceptibility were from Davao del Norte Prov-
ince. One of the 11 resistant isolates and 2 of the
12 isolates with decreased susceptibility were
from Agusan del Sur Province. All the isolates
from Davao Oriental Province were considered
chloroquine-susceptible. The geometric mean
(=SD) of IC,, values [110 (+54) nM] recorded
for the isolates from Davao del Norte Province
was higher than that recorded for theisolatesfrom
Agusan del Sur Province[104 (+42) nM], but the
difference was not significant. The geometric
mean (+SD) of 1C, values for the isolates from
Davao Oriental Province [64 (+14) nM] wassig-
nificantly lower than that for the isolates from
Davao del Norte Province (p=0.006).

Detailed results of in vitro chloroquine sus-
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ceptibility testing in P. falciparum isolates from
towns in Davao del Norte Province are shown in
Table 3. The highest IC,, (263 M) to chloroguine
wasrecorded for oneisolatefromAsuncion, which
is located in southern Davao del Norte Province.
Of ten isolates from Asuncion, six (60%) were re-
Sistant and three (30%) had decreased sengitivity
to chloroquine. The IC,, values of theseisolatesto
chloroquine varied from 55-263 nM, with a geo-
metric mean (+SD) of 133 (+41) nM. I solatesfrom
Kapalong, located in southern Davao del Norte
Province closeto Asuncion, showed IC, valuesin
the range 51-129 nM. The geometric mean (+SD)
of thelC,, values of the K apal ong isolates (82 (+25)
nM) were significantly lower than theisolatesfrom
Asuncion (p = 0.025). Eight isolates from Laak,
whichislocated in northern Davao del Norte Prov-
ince, had IC,, valuesof 41-224 nM, with ageomet-
ric mean (+SD) of 108 (+36) nM. Differences be-
tween the mean I1C,, values of isolates from Laak
and those from Asuncion were not significantly
different. Three isolates from Compostella, which
islocated in eastern Davao del Norte Province, had
IC,, values of 37-104 nM. The geometric mean
(+SD) of the IC,, value of the Compostellaisol ates
[75 (=25) nM] was significantly lower than the
Asuncion isolates (p = 0.043). The seven isolates
from Asuncion, Laak, and the provinces of Agusan
del Sur and Davao Oriental were successfully tested
for susceptibility to mefloquine and all proved
highly susceptible to mefloquine (IC,, values < 10
nM) (data not shown).
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Table 3
Susceptibility of Davao del Norte isolates of P. falciparum to chloroquine by city of origin.
Asuncion Kapalong Laak Compostella
No. of isolates tested 10 5 8 3
Susceptible (IC,, < 80 nM) 1 (10.0) 2 (40.0) 2 (25.0) 1(33.3)
Decreased susceptibility 3(30.0) 2 (40.0) 3(37.5) 2 (66.7)
Resistant (1C,>114 nM) 6 (60.0) 1(20.0) 3(37.5) 0
With IC,,, =640 nM 7 (70.0) 2 (40.0) 8 (100) 0
Minimum IC,, (nM) 55 51 41 37
Maximum IC,, (nM) 263 129 224 104
Mean IC_+SD (nM) 13341 82 + 25° 108 = 36 75 = 25°

Mean+SD data are shown; #p< 0.05 compaired with isolates from Asuncion.

DISCUSSION

Tocall attention to the emergence and spread
of drug-resistant malaria in the Philippines, the
current state of drug susceptibility of P. falciparum
isolateson Mindanao |dland wasinvestigated. The
resultsindicated that two groups of parasiteswith
different susceptibility to chloroquine were dis-
tributed in Davao del Norte Province. Three
genes, pfmdr 1, cg2, and pfcrt have been reported
to be responsible for resistance of P. falciparum
to chloroquinein other parts of theworld (Adagu
et al, 1999; Babiker et al, 2001; Wellems et al,
2001). The varieties of chloroguine susceptibil-
ity seen in Davao del Norte isolates may be at-
tributed to differencesin mutations of oneor more
of these genes. The genetic backgrounds of the
isolates should be further investigated to deter-
mine how parasites with various degrees of chlo-
roquineresistance are spreading in this province.

Distribution of chloroquine-resistant malaria
parasitesin Davao del Norte Provincewasregion-
aly limited, and thelevels of parasite drug-resis-
tance were generally low. Le Bras et al (1984)
reported that the median I1C,; value for chloro-
quine obtained by in vitro testing was less than
120 nM in 22 isolatesfrom patientswho had been
successfully treated with chloroguine, whereasthe
IC,, was more than 250 nM in isolates from 6
patientswith clinically chloroguine-resistant ma-
laria. Based on these results, the P. falciparum
isolates categorized aschloroquine-resistant in the
present study by in vitro testing may still be sen-
sitive to chloroquine in vivo. Counter-measures
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should be taken before chloroquine becomesin-
effective on Mindanao Island (Hastings et al,
2000; Rathod et al, 1997). For example, distribu-
tion of meflogquine may be a therapeutic option
because mefloquine has not yet been used in the
Mindanao region, and the results of this study
indicated that all Mindanao isolates tested so far
were susceptible to mefloquine. Combination
therapy with 4-aminoquinolines (chloroquine or
amodiaquine) and sulfadoxine-pyrimethamine
(Bustos et al, 1999; Staedke et al, 2001; Mcln-
tosh et al, 1998) may also be an aternative strat-
egy because sulfadoxine-pyrimethamine is al-
ready currently available as the second drug of
choicefor uncomplicated malariain the Mindanao
region.

Thisisthefirst report showing the presence
of chloroquine-resistant P. falciparum on
Mindanao Island by in vitro test. To prevent the
spread of chloroquine-resistant malaria parasites,
current control measures, such as community-
based control programs should remain in effect,
and control measures based on new prophylaxis
or treatment schemes should be carried out si-
multaneously. In addition, diligent applications
of in vitro drug susceptibility testing is advanta-
geous in monitoring the distribution of drug-re-
sistant P. falciparumin the region.

ACKNOWLEDGEMENTS

The authors wish to thank Dr Tabada, Pro-
vincial Health Officer; Dr Romulo Busuego,

Vol 34 No. 3 September 2003




In vitro CHLOROQUINE SuscerTiBILITY OF P. falciparum IsoLATES IN MINDANAO

Chief of Davao Regional Hospital; and the doc-
tors in the Department of Internal Medicine,
Davao Regional Hospital, for their assistance and
support. This study was supported by an Interna-
tional Health Cooperation Research grant (11A-
4,13C-5) fromthe Ministry of Health, Labor and
Welfare of Japan.

REFERENCES

Adagu 1S, Warhurst DC. Association of cg2 and pfmdr1
genotype with chloroquine resistance in field
samplesof Plasmodiumfalciparumfrom Nigeria
Parasitology 1999; 119, 343-8.

Alrajhi AA, Rahim |, Akood M, Hazmi M. Chloro-
quine-resistant Plasmodium fal ciparum cerebral
malariain achloroquine-susceptiblearea. J Infect
Dis 1999; 180: 1738-41.

Babiker HA, Pringle SJ, Abdel-Muhsin A, Mackinnon
M, Hunt P, Walliker D. High-level chloroquine
resistance in Sudanese isolates of Plasmodium
falciparumis associated with mutationsin chlo-
roquine resistance transporter gene pfcrt and the
multidrug resistance gene pfmdr1. J Infect Dis
2001; 183: 1535-8.

Baird JK, Caneta-Miguel E, Masbar S, et al. Survey of
resistanceto chloroquine of falciparum and vivax
malariain Palawan, the Philippines. Trans R Soc
Trop Med Hyg 1996; 90: 413-4.

BustosDG, Canfield CJ, Canete-Miguel E, Hutchinson
DB. Atovaquone-proguanil compared with chlo-
roquine and chloroquine-sulfadoxine-py-
rimethamine for treatment of acute Plasmodium
falciparummealariain the Philippines. J Infect Dis
1999; 179: 1587-90.

deFrancisco SerpalL A, Chiodini PL, Hall AR, Warhurst
DC. In vitro drug sensitivity of Plasmodium
falciparum malaria from Nigeria. Trans R Soc
Trop Med Hyg 1988; 82: 403-4.

HastingsIM, D’ Alessandro U. Modelling apredictable
disaster: the rise and spread of drug-resistant
malaria. Parasitol Today 2000; 16: 340-7.

InabaH, Ohmae H, Kano S, et al. Variation of incuba-
tion timein an in vitro drug susceptibility test of
Plasmodium falciparum isolates studied in the
Solomon Islands. Parasitol Int 2001; 50: 9-13.

Le Bras J, Deloron P, Hartmann JF, Coulanges P,
Dourado HV, Larouze B. Application of an In
vitro semi-microtest to the study of drug sensitiv-
ity of 66 Plasmodiumfal ciparumisolatesfrom 15
countries. Trans R Soc Trop Med Hyg 1984; 78:

Vol 34 No. 3 September 2003

485-8.

Mclntosh HM, Greenwood BM. Chloroquine or amo-
diaquine combined with sulfadoxine-py-
rimethamine as a treatment for uncomplicated
malaria—a systematic review. Ann Trop Med
Parasitol 1998; 92: 265-70.

Milijaona R, Jambou R, Raharimalala L, Ranaivo L,
Rason MA, Roux J. Mefloquine-resistant strains
of Plasmodiumfalciparumin Madagascar: impact
on tourists and public health. Ann Trop Med
Parasitol 2000; 94: 313-7.

Okonkwo PO, Akpala CO, Okafor HU, Mbah AU,
Nwaiwu O. Compliance to correct dose of chlo-
roquinein uncomplicated malariacorrelateswith
improvement in the condition of rural Nigerian
children. Trans R Soc Trop Med Hyg 2001; 95:
320-4.

Pilarita TR, Prudencio MA, Sarol J, et al. Clinical and
laboratory correlates of the outcome of cerebral
malariain the Philippines. Jpn J Trop Med Hyg
1999; 27: 487-95.

Pribadi W. In vitro sensitivity of Plasmodium
falciparumto chloroquine and other antimalarials
in East Timor and East Kalimantan, Indonesia.
Southeast Asian J Trop Med Public Health 1992;
23 (suppl 4): 143-8.

Rathod PK, McErlean, Lee PC. Variationsin frequen-
ciesof drug resistancein Plasmodiumfal ciparum.
Proc Natl Acad Sci USA 1997; 94: 9389-93.

Shute GT, Ray AP, Sanglang R. Preliminary studieson
a Philippine strain of Plasmodium falciparum
resistant to amodiaquine. J Trop Med Hyg 1972;
75: 125-32.

Staedke SG, Kamya MR, Dorsey G, et al. Amodi-
aquine, sulfadoxine/pyrimethamine, and combi-
nation therapy for treatment of uncomplicated
falciparum malaria in Kampala, Uganda: a
randomised trial. Lancet 2001; 358: 368-74.

Thanh NV, CowmanAF, HipgraveD, et al. Assessment
of susceptibility of Plasmodium falciparum to
chloroquine, quinine, mefloquine, sulfadoxine-
pyrimethamine and artemisinin in southern Viet
Nam. Trans R Soc Trop Med Hyg 2001; 95: 513-
7

Verdrager J, Arwati, Simanjuntak CH, Saroso JS. Chlo-
roquine-resistant falciparum malaria in East
Kdimantan, Indonesia. J Trop Med Hyg 1976; 79:
58-66.

WellemsTE, Plowe CV. Chloroquine-resistant malaria.
J Infect Dis 2001; 184: 770-6.

White NJ. The treatment of malaria. N Engl J Med
1996; 335: 800-6.

551




