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From March 1996 to August 1997, a study was carried out in a malaria endemic area of the
Brazilian Amazon regionln vivo sensitivity evaluation to antimalarial drugs was performed in 129
patients. Blood samples (0.5 ml) were drawn from each patient and cryopreserved to prace#bto
studiesln vitro sensitivity evaluation performed using a radioisotope method was carried out with the
cryopreserved samples from September to December 1997. Thirty-one samples were tested for chloro
quine, mefloquine, halofantrine, quinine, arteether and atovaquone. Resistance was evidenced in
96.6% (29/30) of the samples tested for chloroquine, 3.3% (1/30) for quinine, none (0/30) for mefloquine
and none for halofantrine (0/30). Overall low sensitivity was evidenced in 10% of the samples tested for
quinine, 22.5% tested for halofantrine and in 20% tested for mefloquine. Means of IC 50 values were
132.2 (SD: 46.5) ng/ml for chloroquine, 130.6 (SD: 49.6) ng/ml for quinine, 3.4 (SD: 1.3) ng/ml for
mefloquine, 0.7 (SD: 0.3) ng/ml for halofantrine, 1 (SD: 0.6) ng/ml for arteether and 0.4 (SD: 0.2) ng/ml
for atovaquone. Means of chloroquine IC 50 of the tested samples were comparable to that of the
chloroquine-resistant strain W2 (137.57 ng/ml) and nearly nine times higher than that of the chloro-
guine-sensitive strain D6 (15.09 ng/ml). Means of quinine IC 50 of the tested samples were 1.7 times
higher than that of the low sensitivity strain W2 (74.84 ng/ml) and nearly five times higher than that of
the quinine-sensitive strain D6 (27.53 ng/ml). These results disolaseo high resistance levels to
chloroquine, low sensitivity to quinine and evidence of decreasing sensitivity to mefloquine and
halofantrine in the area under evaluation.
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Malaria is one of the biggest health problems inlecade, to nearly 500,000 cases each year (FNS
the world. Itis responsible for 500 million new case4995). Migrant populations disseminate resistant
worldwide each year, with 1.5 to 2.7 million deathstrains throughout the region and lead them to
(Kondrachine & Trigg 1997). The disease is dismalaria free areas, increasing the risks of outbreaks
tributed in the tropical areas, afflicting the devel{Marques 1986)Plasmodium falciparurdrug re-
oping countries, where it becomes an importarsistance in Brazil has developed at an alarming rate
obstacle to the efforts of economic developmertb chloroquine, Fansidarand to some extent qui-
(Kondrachine & Trigg 1997). nine (Boulos et al. 1986). As vector control is not a

Almost all of the malaria cases in Brazil are rerealistic approach in this region, early diagnosis
ported from the Amazon Region (Marques 1993and effective treatment are essential tools for con-
where migrant populations, great distances, artl strategies. Apart from the availability of a well-
poor access to diagnosis and treatment are magiructured network of diagnosis facilities, the choice
barriers to malaria control. Malaria prevalence ifior adequate drugs is of crucial importance. The
Brazil has increased three times during the pastentification of adequate drugs, however, depends

on a solid knowledge of the resistance pattern in

the various endemic areas.

In vitro studies in Brazil have been conducted

using morphology-techniques (Alecrim 1986, Di
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and quinine in those studies were too low, leadinglood were collected from each patient. Specimens
to overestimation of the resistance percentagegere used in baseline laboratory evaluatioritro
(Alecrim 1986, Di Santi et al. 1988) When adequatmorphology-technique tests and cryopreserved for
“cut off” limits are employed, taking togethar futurein vitro radioisotope testing. For cryopres-
vivo andin vitro data, parasite resistance has beegrvation, 0.5 ml of packed red cells were mixed with
observed at levels greater than 70% to chloroquin@,5 ml of Glycerolite 57 Solution ® (Travenol Lab.)
greater than 60% to sulfadoxine-pyrimethaming(ingredients in 100 ml: 57 g glycerine, 1.6 g sodium
lower than 20% to quinine and almost none ttactate, 30 mg potassium chloride and 25 mEg/l so-
mefloquine (Boulos et al. 1986, Alecrim 1986, Didium phosphates) and placed in liquid nitrogen.
Santi et al. 1988, Kremsner et al. 1989, Souza 199Phese procedures were done at the study site.
Couto et al. 1993). Am vitro evaluations oP.  Stored samples were transported to Rio de Janeiro
falciparum sensitivity have not been performedwhere the tests were performed.
since the 80’s (Di Santi et al. 1988, Kremsner etal. Thirty-one specimens taken at random from
1989), and considering that radioisotopic methodsose initially cryopreserved were used to perform
had not been used, except in one occasion (Zalistee tests.
al. 1998), we decided to verify the patterns of resis- Aliquots for in vitro radioisotope testing were
tance in a typical endemic area of the Brazilianemoved from storage and thawed at room tempera-
Amazon region. ture. The thawed red blood cell suspension was
MATERIALS AND METHODS quickjy added t0 0.4 ml hypertc_)nic sterile 12% sa!ine
] ~_ solution, mixed well, and left in rest during 5 min.
~ Study area Peixoto de Azevedo municipality The sediment was added to 9 ml hypertonic sterile
is located at the northern part of the State of Matg 694 saline solution, mixed well, and centrifuged (320
Grosso, 700 km north from the State capital, at thg 5 min). The supernatant was decanted and the
southern fringe of the Amazon basin. Its populaprocedure was repeated with sterile 0.9% saline so-
tion is estimated in about 37,000 inhabitants. Thigtion. After the last centrifugation, sample red blood
main economic activities are gold mining, farmingeells were suspended in complete medium (RPMI
and logging. The climate is Equatorial, with two1640 + heat-inactivatediAplasma) + 50% suspen-
seasons: rainy season from November to Aprikion of normal Al red blood cells in RPMI 1640
and dry season from May to October. Three hurimedium (final cell suspension 5%) and cultured in a
dred malaria cases were reported per week in_ 19&3(32 enriched atmosphere (5% GO Drug testing
1994, about 50%. falciparum Malaria transmis- was performed using the cultured parasites once the
sion is stable around the year, with some increaggrasitemia of the culture reached an optimum den-
in the rainy season. ] sity (0.5% to 1% parasitized red blood cells).
Inclusion criteria- Adult male patients 18 years  |n vitro drug testing using the radioisotope
old or older, with a positive thick smear fBr  technique- The procedure used was essentially
falciparumand a parasite count equal to or greatehat of Desjardins et al. (1979). Five milligrams of
than 1,000 ring forms/pl who agreed to give informedach drug to be tested were diluted in 70% ethanol
consent, were considered eligible for the study. to a final concentration of 1 mg/ml, except for chlo-
~ Exclusion criteria- Patients were consideredroquine which one was diluted in distilled water.
inadequate for the study if they had taken quininghese solutions were used as stock solutions. The
or mefloquine in the preceding seven days, hagtock solutions were further diluted in complete
clinical or laboratory evidences of cerebral or semedium without hypoxanthine in order to keep the
vere malaria (alterations of consciousness, sevefgliowing serial dilutions (ng/ml):

jaundice, breath shortening, oliguria, hemoglobigrteether, atovaquone and halofantrine: 25 - 8.33 -
< 7 g%, parasite count greater than 100,000 ring77-0.92-0.3-0.1-0.03
forms/l, serum bilirrubin levels greater than 5 mgmefloquine: 250 - 83.3-27.7-9.25-3.08-1.02-0.34
dl or greater than 2.5 mg/dl in case of direct bilirrubizhloroquine and quinine: 2500 - 833.3 - 277.7-92.5
greater than 1 mg/dl, ALT or AST100 U/l, urea -30.8-10.2-3.4
greater than 100 mg/dl, creatinine greater than 2 prugs were kindly provided by Walter Reed
mg/dl), had mixed plasmodial infection. Such excluarmy Institute of Research.
sion criteria are not directly necessary forihe  Each isolate was tested one time in duplicate
vitro test. They were applied for the selection ofor all drugs. Twenty-five microlitres of each drug
the patients admitted to the vivo study, from dilution were dispensed into the wells of a stan-
which a subset of samples was used ifirthétro  dard microtiter plate (96 flat bottom wells, 8 x 12
method. _ ~ matrix). Asuspension of malaria infected red blood
~ Processing of blood specimenglpon admis-  cells was also dispensed (200 pl) into the same wells.
sion to thein vivo study, 10 ml aliquots of whole Control wells (without drug) were filled with either
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parasitized (positive controls) or normal (negativéC 50s were also verified by simple linear regres-
controls) red blood cells (1% suspension in comrsion, statistical significance being tested by “Stu-
plete medium without hypoxanthine). Seededent” t test.

plates were incubated in 5% G@7C tempera- Statistical analysis was made using EPI INFO 6
ture. Following 24 hr incubation the microtiter plateyersion 6.02 (Centers for Disease Control and Pre-
were removed from the incubator and pulsed witkention - CDC, USA) statistic software.
(3H)-hypoxanthine (specific activity 1 Ci/mMol) by RESULTS

addition of 25 pl (0.5 pCi) of the isotope solution to )
each well. Microtiter plates were then returned to From March 1996 to August 1997, 129 patients
the incubator for another 24 hr. After the secon€'€ evaluated in thia vivo study. Ninety-six

period of incubation, the microtiter plates were frolVere tested for mefloquine sensitivity from March

zen to -76C and thawed, to provide red blood cellst996 to January 1997, and 33 were tested for qui-

- : ine sensitivity from January to August 1997. Cure
g;lsslc 9Eg CHhaE\Ilzgig\rlg)s(gﬁg{f;ﬁg:F;tuergtehneglng On%tes were 97.9% (94/96) for mefloquine and 100%

The filter strip disks were dried and placed in £33/33) for quinine (detailed results from this study

Liquid Scintillation Counter (1205 Betaplate). will be published elsewhere).

X . From September to December 1997, 31
Data analysis- Concentration-response datacryopreserved samples were testedrfaitro sen-

were analyzed by a nonlinear regression functiop”. " . . ;
: : : itivity to the following drugs: chloroquine (30

_1|J_S|;g t,\f/]ledl;lFIlTB;:or:‘nEugrIsrogrgq)((Utrll\éert&gn%Samples)’ quinine (30 samples), mefloquine (30

exas viedical branch, Lalveston, ) to dete amples), halofantrine (31 samples), arteether (30
the 50% inhibitory concentration (IC 50). The IC5 samples) and atovaquone (30 samples)
IS (gef!neq as that concentration of drug prpducmg @ Resistance was evidenced in 96.6% (29/30) of
50% inhibition of uptake oft)-hypoxanthine by samples tested for chloroquine, 3.3% (1/30) for
the intraerythrocytic parasites. All drug Concemr%uinine, none (0/30) for mefloquine and none (0/

tions were expressed as nanograms/mililiter (ng/mly 1y tor halofantrine. Isolates were considered of
The following IC 50 values were considered dis;q,y, sensitivity to quinine, halofantrine or

criminative for resistance (Webster et a'_-mefloquine if their IC 50s were higher than the up-
1985,Wongsrichanalai et al.1992a, Le Bras 1995): e jimit for the standard deviation of the corre-

chloroquine:  greater than 45.5 ng/ml (~ 100 nMpponding means. Low sensitivity was evidenced
quinine: greater than 275 ng/ml (~ 500 nM)in 10% of the samples tested for quinine, in 20%

mefloquine:  greater than 10 ng/ml (~ 24 nM) tested for mefloquine and in 22.5% tested for
halofantrine: ~greater than 2 ng/ml (~4nM) halofantrine (Fig. 1).
L Means of IC 50 values were 132.2 (SD: 46.5)
Arteether and atovaquone discriminative Val(range: 45.5 - 286.7) ng/ml for chloroquine, 130.6
ues are still not well-established. . SD: 49.6) (range: 45.2 - 275.8) ng/ml for quinine,
Reference strains W2 (chloroquine-resistan 4 gp. 1 3) (range: 1.2 - 6.4) ng/ml for mefloquine
mefloquine-sensitive), D6 (chloroquine-sensitiveg 7 gp: 3) (range: 0.4 - 1.5) ng/ml for halofantrine,
mefloquine-resistant) and HB3 (chloroquine-resisy 4 . (2) (range: 0.09 - 0.8) ng/ml for atovaquone
tant, mefloquine-sensitive) were simultaneously, 1 (sp: 0.6) (range: 0.3 - 2.63) ng/ml for arteether.
tested for the same drugs for comparison. Isolatq:é 50 values for atovaquone were low for all the

were considered of low sensitivity to quinine, ot
halofantrine or mefloquine if their IC 50s were higheiested samples. A broad variation of IC 50 values

S e or arteether was observed among the tested
than the upper limit for the standard deviation o amples 9
the corresponding means. .

Isol dered of | . Means of chloroquine IC 50 of the tested
Isolates were considered of low Sensitivity tQ;, ,jas were comparable to that of the chloroquine-
quinine, halofantrine or mefloquine if their IC 50s

. A resistant strain W2 (137.57 ng/ml) and nearly nine
were higher than the upper limit for the standargjog higher than that of the chloroquine-sensitive
deviation of the corresponding means. train D6 (15.09 ng/ml). Means of quinine IC 50 of

It was verified the correlation between IC 50s o he tested samples were 1.7 times higher than that

the se\(eral t%sted ispla&eidrmhdigopﬂ(alfite clear- of the low sensitivity strain W2 (74.84 ng/ml) and
ance times determined both by thick smear a arly five times higher than that of the quinine-

QBC®. The correlation was verified by simple Iin—S nsitive strain D6 (27.53 ng/ml). When compared

ear regression. Statistical significance was testgf e chioroquine-sensitive/quinine-sensitive strain

by Student' 1 test. . .. HBS3, IC 50 values of the tested samples were almost
Correlation between mefloquine and quiningq e higher for chloroquine (HB3: 1.93 ng/ml)

IC 50s, and between mefloquine and halofantrlngnd 2.7 times higher for quinine (HB3: 48.38 ng/ml).
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Fig. 1: distribution of IC50 values (ng/ml) for mefloquine, quinine, chloroquine and halofantrine in 30 tested samples using
a radioisotope technique. Values are individual IC50 (ng/ml). Bars define standard deviation for thePhasamsdium
falciparum D6 (chloroquine sensitive, mefloquine resistant), W2 (chloroquine resistant, mefloquine sensitive) and HB3
(chloroquine sensitive, mefloquine sensitive) were used as standard controls for IC50 values.

There was good correlation between IC 50 vaimefloquine, it was not possible to determine accu-
uesin vitro and parasite clearance tifmevivo, as rately the sensitivity pattern in the morphologic
determined by QBC® test, for those cases treatedst because of methodology problems.
with quinine (n=4, r=0.94, t=8.29, n-2 df, p<0.05). DISCUSSION
There was no correlation, however, between IC 50 . . ] )
values and parasite clearance time as determined by P. falciparumresistance to antimalarial drugs
thick smear for those cases treated with quinine (n=8as become a big concern for those dealing with
r=0.08, t=0.22, n-2 df, p>0.05) or between IC 50 valmalaria cont.rol strategies. New drugs are neces-
ues and parasite clearance times determined eit{$&"y approximately each ten years to keep thera-
by thick smear (n=21, r=0.17, t=0.75, n-2 df, p>0.05peutic approaches efficacious. Chloroquine is no
or QBC® test (n=21, r=25, t=1.13, n-2 df, p>0.05) fofonger useful in almost all the areas afflicted by
those cases treated with mefloquine (Fig. 2). falciparum malaria (Kondrachine & Trigg 1997).

Statistically significant positive correlation wasResistance to sulfadoxine-pyrimethamine is dis-
also observed between mefloquine and quinine Igeminated in South America and Southeast Asia,
50s (n=29, r=0.55, t=3.43, n-2 df, p<0.05), but nond is also increasing in Africa (Wolday et al. 1995).
between mefloquine and halofantrine IC 50s (n=3dvlefloquine, once considered a safe and efficacious
r=0.33, t=1.85, n-2 df, p>0.05). drug, had met the same fate of parasite resistance

Morphology-technique tests were also simulin Southeast Asia and other regions of the world
taneously performed in this study popu|atior(0duolaetal.198_7, Brasseur et al. 1992, Fontanet et
(manusc. in prep.). In the present situation, elevedl. 1993). Effective treatment, one of the corner-
isolates were tested by both methods. Resistang@nes of the malaria control strategies, has been
percentage to chloroquine evidenced by the mogeverely impaired as resistance develops to the
phologic test was quite similar to that demonstrategfandard therapeutic schedules. In order to avoid
by the radioisotopic test (97_8% 96.6%, respec- such a Impairment, resistance monitoring Is of up-
tively), as it was the low sensitivity percentage t®€rmost importance, at bestibyivoandin vitro
quinine (10.6%s 10%, respectively). Regarding methods.



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 94(6), Nov./Dec. 1999 807

Quinine IC50s X PcTs_ by thick smears Mefloquine IC50s X PCTs by thick smears
100 s 80
90 70 : . .
80 | . .
80
70 ¢ . ¢ ¢ o
— g0 . * * N $
7 50 . . 40 . %e *
: 0 a0 - LK 2 .
[e] 30 * y
= . 20 *
— 20 |
O 10 . 10
E o ‘ ‘ °
] 0 50 100 150 200 0 2 4 6
8 Quinine IC50s X PCTs by QBC Mefloquine IC508 X PCTs by QBC.
= 80 ) 140
o 70 M ¢
© 120
K 60 .
100
: 50
80 *
= 40 * . .
(72} 60 o o * o
E 30 o * o rs
© 40 L LX)
n- 20 * * 0
10 20
0 0 '
0 50 100 150 ° 2 4 6
IC50 (ng/ml)

Fig. 2: correlation among either quinine or mefloquine IC50 and parasite clearance time determined by either thick smear
or QBC test.

The present study confirmed the high level ohas also been reported between mefloquine and
resistance to chloroquine previously demonstratdthlofantrine (Cowman et al 1994). In the present
in other areas of the Amazon basin (Boulos et astudy, however, apart from a similar low sensitivity
1986, Alecrim 1986, Di Santi et al. 1988, Zalis et alpercentage, no correlation was found between
1998). Regarding quinine, besides the low true-renefloquine and halofantrine IC 50s. Nevertheless,
sistance percentage observed (3.3%), IC 50s to ttieere must be some relationship between quinine,
tested samples were as high as those observednefloquine and halofantrine sensitivity, as the last
other areas of the world with decreased susceptirug was never used in Brazil in a population basis,
bility (Webster et al. 1985), suggesting that the us@reventing any possibility of selection pressure.
fulness of the drug will not last for a long time. As IC 50s for atovaquone were low as expected,
a consequence, while the drug is still efficaciousnce this is a new drug never used for treatment of
for immune patients curing 100% of 33 so treatethe disease. The significance of the broad varia-
(manusc. in prep.), there is a high risk of failure iion observed in the IC 50 values for arteether can-
the non-immune. not be adequately understood because discrimina-

As for mefloquine and halofantrine, a signifi-tive values for resistance are not well-established.
cant percentage of the tested samples presenfRdsistance and low sensitivity percentages ob-
low sensitivity (20% and 22.5%, respectively). Atained by the morphology technique approached
decrease in mefloquiria vitro sensitivity could those obtained by the radioisotope method. Simi-
not be triggered by its uncontrolled use, once thiar results have been observed when both tech-
access to the drug is restricted in the region. Howmiques are used simultaneously, however they are
ever, one possible explanation for such a decreaset directly comparable (Webster et al. 1985,
could be cross-resistance to quinine. Inadequatéongshrichanalai et al. 1992b). The similarity in
quinine use could have selected less sensitive pathe results obtained by both techniques is encour-
sites which, in turn, could present incipient crossaging, as the morphology-techniques are much less
resistance to mefloquine (Suebsaeng et al. 1986xpensive and easier to perform. As a conse-
Warsame et al. 1991, Brasseur et al. 1992). In factgaence, they are widely employed in the field, al-
significant positive correlation was found betweeriowing for in vitro studies of fresh isolates. The
mefloquine and quinine IC 50s. Cross-resistanddeal situation would be if resistance could be moni-
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tored in the various study sites by the morphologing therapeutic schedules, especially those with
technique, which results would be counter-checkedhultiple daily intakes. The previous experience with
by the radioisotope testing in a reference centermalaria confers some immunity to them, making
Morphology-technique tests were also simulparasite clearance easier. This population takes
taneously performed in this same study populgart in the development and dissemination of re-
tion (manusc. in prep.). Similar results have beesistance and should be the target for the malaria
observed when both techniques are used simultaantrol strategies. Nevill et al. stressed the impor-
neously, however they are not directly comparabl&nce of evaluating antimalarial drugs’ sensitivity
(Webster et al. 1985, Wongsrichanalai et al. 1992 high risk groups, what they called “real life situ-
a,b). Inthe present situation, eleven isolates weation” (Nevill et al. 1995)
tested by both methods. Resistance percentage to Quinine is frequently used in association with
chloroquine evidenced by the morphologic test wasther drugs like tetracycline or doxycycline, in long
quite similar to that demonstrated by the radioisdasting schedules that discourage compliance. This
topic test (97.8%s 96.6%, respectively), as it wasis the case for the Brazilian Amazon. This practice
the low sensitivity percentage to quinine (10.6%esults in high levels of abandonment by treated
vs 10%, respectively). Regarding mefloquine, ipatients. Half the patients treated with quinine and
was not possible to determine accurately the setetracycline in Peixoto de Azevedo do not comply
sitivity pattern in the morphologic test because dfor more than three days (de Alencar, unpub. obs.).
methodology problems. The similarity in the relL.ow compliance allows for resistance selection.
sults obtained by both techniques is encouragingarasites so selected generate gametocytes with the
as the morphology-techniques are much less esesistance trait, which ones will be transmitted by
pensive and easier to perform. As a consequendefective mosquitoes, amplifying the resistant reser-
they are widely employed in the field, allowing forvoir (Wernsdorfer 1992). Cross-resistance with
in vitro studies of fresh isolates. The ideal situamefloquine and halofantrine will limit their time of
tion would be if resistance could be monitored iravailability as useful drugs. These events explain
the various study sites by the morphology techthe generalized low sensitivity observed for the three
nigue, which results would be counter-checked bgirugs in the present study.
the radioisotope testing in a reference center. Mefloquine is being considered for more exten-
No correlation was found between ICiB@itro  sive use in Brazil as a way to improve compliance
and parasite clearance times evaluated by two metind render malaria control more efficient. The gen-
odsin vivo, except for four patients treated witheralized use of mefloquine will probably hasten re-
quinine and evaluated by QBC® test. Besides prsistance development, in a similar way as happened
vious evidence of enlargement of parasite cleam Southeast Asia in the beginning of this decade
ance time associated to the upsurge of resistan@ontanet et al. 1993). After mefloquine, the thera-
eitherin vivoorin vitro (Fox et al. 1985, Warsame peutic alternative will be artemisinin derivatives, be-
etal. 1991, Barkakaty et al. 1992) no correlation ha®nd which there will be few drugs whose perfor-
been found when quantitative parameters are dinances in a population basis are not well known.
rectly compared, such as minimum inhibitory conAfter mefloquine, the last therapeutic alternative will
centratiorversusparasite clearance time or IC 50be artemisinin derivatives, beyond which there will
versugarasite clearance time (Sowonmi et al. 199%e no available treatment for the disease. Such a
Alin et al. 1995). It can be in part explained by thevorrying situation makes urgent the search for new
complex host-parasite relationship. The immun¢herapeutic alternatives to deal with this dangerous
response of the infected individual concurs for thparasitic disease in the Brazilian Amazon region.
parasite clearance, preventing its direct correlation
with the drug inhibitory capability. Other factor REFERENCES
that could have contributed for the absence of coAlecrim MG 1986. Resistance o vivo andin vitro
relation is the small number of patients evaluated chemotherapies in the Brazilian Amazoniklem
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and, as a consequence, bad compliers to long last- falciparummalaria in Bokajan and Manja PHC areas
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