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Resistance of Plamodium falciparumto Antimalarial Drugs in
Zaragoza (Antioquia, Colombia), 1998

Silvia Blair-Trujillo™, Leidy Lacharme-Lora, Jaime Carmona-Fonseca
Grupo Malaria, Facultad de Medicina, Universidad de Antioquia, Carrera 51 D, No. 62-29, Medellin, Colombia

Plasmodium falciparumsensitivity to chloroquine (CHL), amodiaguine (AMO) and sulfadoxine/pyrimethamine
(SDX/PYR) was assessed in vivo and in vitro in a representative sample from the population of Zaragoza in El Bajo
Cauca region (Antioquia-Colombia).

There were 94 patients with falciparumevaluated. For the in vivo test the patients were followed by clinical
examination and microscopy, during 7 days. The in vitro test was performed following the recommendations of the
World Health Organization. The in vivo prevalence of resistance to CHL was 67%, to AMO 3% and to SDX/PYR 9%.

The in vitro test showed sensitivity to all antimalarials evaluated. Concordance for CHL between the in vivo and
in vitro tests was 33%. For AMO and SDX/PYR, the concordance was 100%.

We conclude that a high percentage of patients are resistant to CHL (in vivo). A high rate of intestinal parasitism
might explain in part, the differences observed between the in vivo and the in vitro results.

Therefore, new policies and treatment regimens should be proposed for the treatment of the infection in the
region. Nationwide studies assessing the degree of resistance are needed.
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The first report of chloroquine (CHL) resistdtias- infection in 1998 was 90.6 %0 inhabitants (Ministerio de

modium falciparumwvas made in Colombia in 1961 (MooreSalud de Colombia 1998).

& Lanier 1961). In the following' years, .other studies MATERIALS AND METHODS

showed a high prevalence of resistance in many regions ) _

of the country (Walker & Lopez 1968). However, a de- Patients- A sample of the population of Zaragoza
tailed review of publications on resistance between 198nfected byP. falciparumwas selected applying the fol-
and 1986 concluded that CHL resistance was only 19i@wing formula (Martinez 1984, 1987, Blair et al. 2001)
(Blair 1986). =N 72 - + (72 -

No additional studies were been made until recently n Nzpd p)/[(N 02_)_ ("p (1-p)] .
when malaria incidence increased in all the country, withhere n is the number of individuals of the sample, N is
parasite annual index (PAI) from 0.9 % in 1967, to 10 %o ifN€ number of. falciparuminfected individuals within
1998 (Ministerio de Salud de Colombia 1999). Thereforée population, Z is the number of units of the standard
the issue of resistance to antimalarials has become m@gfmal curve which define the confidence interval, p is
relevant. In a study carried out in Chocé (on the Pacifi&€ prevalence of resistance to the drug, (1-p) is the ab-
Coast of Colombia), resistance to CHL (47%) angence of resistance, d is the sample error.
sulphadoxine-pyrimethamine (SDX/PYR)(6%) was in- In Zaragoza, during 1997, 2,000 caseR.dhlciparum

formed (Osorio et al. 1997). En Turbo, Uraba region, wdalaria were diagnosedhe prevalence (supposed) of
found CHL resistance in 97%, amodiaquine (AMO) in 7o4€Sistance to CHL was 50%, to AMO 10% and to SDX/

and SDX/PYR in 13%. A lower concordance was obFP YR 10%. A confidence interval of 95% was considered
served between in vivo and in vitro tests for CHL, butZ = 1.96). Sample errors were 0.18 for the CHL group, and
higher concordance for AMO and SDX/PYR (Blair et al0-105 for the AMO and SDX/PYR groups. Thirty indi-
2001). Turbo has an intermediate level of endemicity fofiduals were included in the CHL group, 31 in the AMO
malaria. group and 31 in the SDX/PYR group.

The present study evaluated the in vivo and in vitro Subjects attending the local hospital for diagnosis and
sensitivity ofP. falciparumto CHL, AMO and SDX/PYR treatment were enrolled from February to May 1998. All
in a representative sample taken from the population BRti€nts reported fever among other symptoms. Patients
Zaragoza (Bajo Cauca region), located in a highly endenf¢€re included in the study in a consecutive fashion, ac-

area for malaria and where the incidencB.délciparum cording to the time of attendance. Patients vith
falciparum malaria were interviewed and evaluated by

the researchers and also informed about the purpose of

the study. The informed consent was obtained from adults
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The sample selected was representative of the popu- Statistical analysis Data were processed using the
lation of P. falciparumpatients attending the local hospi-Epi info 6.04 program. Treatment groups were randomly
tal according to age, sex and social-economical condissigned and the random distribution of the variables (sex,
tions. age and origin) in the three groups was verified Ry a

Patients withP. falciparummalaria were included in test. The Kruskal and Wallis test was used to establish
the study if they were 1 year-old, had between 900 andhe relation between “response to the treatment” (four
80,000 parasites/ml and were resident of the area (to malk@ues) and “parasite density according to the day of
possible a 7 days follow-up). Patients were excluded @ontrol”. Association between “the response to the treat-
they had mixed malaria infection, complicated malaria, irtnent” (four values) and every variable (sex, age and ori-
tense vomiting or diarrhea, or presence of 4-aminoquingin) was estimated for each treatment. The association
lines (Bergqvist et al. 1985) or SDX/PYR (or its metabobetween the variables “response to the treatment in vivo”
lites) in urine (Mount et al. 1996). (sensitive/resistant) and “response to the treatment in

In vivo sensitivity 4n vivo response to the therapyvitro” (sensitive/resistant) was measured withyhEisher
was assessed following clinical and parasitological criterigest, since the two tests (in vivo vitro) were performed

Clinical examination and blood parasite counts wer@dependently.
performed on days 0, 1, 2, 3, 7 in all patients. CHL and RESULTS
AMO were administered at 25 mg/kg during 3 days (10
mg/kg on day 0; 7.5 mg/kg on days 1 and 2) and SDX/PYR All enrolled patients were followed throughout the
was given at 25/1,25 mg/kg single dose. Ingestion of tredtlanned period; 54% were men and 46% were women. In
ments was supervised by one of the examiners. the CHL group there was a greater proportion of men (67%)

Parasitaemia was measured on days 0, 3 and 7 by th#d in the AMO and SDX/PYR groups there were similar
smear and was considered negative when no parasiégportions of men and women. Of 94 patients, 50% were
were found after examination of 100 fields. under 15 years old. When comparing the age in each treat-

Antimalarial response was classified as follows: ~ ment group, we also found a similar proportion between
. . children and adults. Patients came from urban areas (58%)
Paras!tolog!cal response . . and from their rural areas (42%). A statistically significant
Parasitological failure parasitaemia on day 2 higher than, ssqciation between the treatment given and the variables

on day 0. sex, age and place of origin was not found (ge: 7.16
Resistance Ill (R li)parasitaemia on day 3 higher or 25%;s 4 % -0 1p27885' sex? = 2.98,df=2,p (560 225480
of parasitaemia on day 0, or parasitaemia on Geyd)R% origin,: X2 = 512 df = 2 p.: 6.225é49). This result
of day 0. L . indicates the random selection of the patients.
Resistance Il (R I)parasitaemia on day 3 < 25% 0of 0N A tota] of 7% of patients had prophylaxis history; 40%
day 0, but positive parasitaemia between days 4 and 7,

. h of them used medicinal plant&Xotic Muraya L.
Resistance | (R 1) negative blood smear on day 3 and%ze P X y

" | gmordica charantia, Gliricidia sepiujmand 30% re-
positive blood smear on any day between days 7 and Iy eq CHL at least once; 6% had history of antimalarial
(although in this study patients were only followed for

drugs intake during the last 20 days, but when the levels of

days). . _ the drugs in urine were tested, this could not be confirmed.
Sensitive/Resistance | (S/Rd)negative blood smear, or A 54l of 74% of patients given CHL, 64% given AMO

parasitaemia < 25% of on day 0, on day 3 plus a negatiyg4 ggos, given SDX/PYR showed an initial parasite den-
blood smear between days 4 and 7 (Barat etal. 1996). gty ynder 10,000 parasites/pl. The initial mean parasite

Clinical response density of patients given CHL or AMO was very similar.

Early failure (EF) any of the following situations within A statistically significant difference between the three

the first 3 days of treatment: mean values (Kruskal & Wallis = 5.088; df = 2; p= 0.078538)
Signs of complicated malaria with presence ofvas not found. Following of parasitaemia values in each
parasitaemia on days 1, 2 or 3; group clearly shows that patients treated with CHL pre-
Parasitaemia on day=2100% of day 0 or on day=8 sented a daily parasite density higher than other groups
25% of day 0. (Figure).

Late failure (LF) any of the following situations between  In vivo P. falciparum response to CHLOf the 30

days 4 and 7 post-treatment. patients studied, 14 (47%) had resistance to CHL and
Clinical relapse or signs of malaria complicated withhere was a parasitological failure in 20%. Since parasito-
parasitaemia. logical failure is an expression of resistance, that was ex-

Satisfactory response (SRyhen there is no evidence ofplored separately, the total resistance to CHL was 67%
EF or LF and parasite clearance is confirmed during t{éable I).

period of follow up. Table Il shows the results of tirevivo test, the mean
Methodology of the in vitro sensitivity test vitro sen-  of daily parasite density and parasitological response to
sitivity of P. falciparumto drugs was determined usingCHL. A statistically significant difference was not found;
the standardized the World Health Organization micrd7% of patients from this group were men and 33% were
technique (WHO 1990) with an incubation time of 36 h tavomen; the mean age was 20 years old; 73% lived in the
promote schizonts maturation. Reagents were purchasg#an area and 23% in the rural area.

from WHO. The test was performed in 8 well microplates In vivo sensitive and resistant strains were similar by
with two-fold dilutions of the drug. sex, age and origin, as evident by the lack of association
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14000 51% of the patients from this group were men and 49%

12000 women; the mean age was 20 years old; 55% was from the
% 10000 urban area and 45% from the rural area. A 13-year-old boy
£ 8000 from the urban area had resistance to AMO.
& 6000 In vivo sensitive and resistant strains were similar by
@ 4000 sex, age and origin (age*= 1.88, df =2, p = 0.39086465;
& 000 sex:xx?=1,df=1, p=1.00; origirk2=1, df =1, p = 1.0).

0 - As in the CHL group , this lack of association of the vari-
0 5 3 4 ables confirm the success of the random selection .

_ In vivo P. falciparum response to SDX/PYRhirty
Time/days (91%) patients of 33 were sensitive to SDX/PYR; 6% ex-
hibited RIl and 3% parasitological failure. Mean initial
parasite density was the same in all of them, but there
Daily meanPlasmodium falciparunparasitaemia of the three ex- Were differences during the 2nd, 3rd and 7th days (see
perimental groups Table 1V). Initial parasite density was not distributed as a

normal line; 45% of the patients from this group were men

and 55% women; the mean age was 20 years old; 45% was
between these variables and response to treatment (dgem the urban area and 55% from the rural area. Sensitive
X2=1.76, df = 6, p = 0.53276; sex¢= 2.63, df = 3, p = and resistant patients were similar according to the vari-
0.45312; originx?=6.73, df = 3, p = 0.1637). This lack of ables “sex, age and origin” (age? = 1.81, df = 4, p =
association between the variables confirms that randddi76810113; sex?=1.27, df = 2, p = 0.52964116; origin:
assignation to each treatment group was successful. x2=3.96, df = 2, p = 0.13806924).

In vivo P. falciparum response to AMQDf 31 pa- In vitro P. falciparum responseTable V shows the
tients, 30 (97%) were sensitive to AMO and only 3% (oneumber of cultures and their response to the drug. When
patient) exhibited RIl. Based on the initial parasite derevaluating the growth rate of schizonts in the wells with
sity, a statistically significant difference between the setthe different drugs tested, it was concluded that all the
sitive patients and the resistant one was not fouradltures were sensitive. It is very important to show clearly
(Kruskal & Wallis =0.612; df = 1; p = 0.433848) (Table Ill).that in all the cultures the mean schizonts growth rate was
Initial parasite density is not distributed as a normal lingreater than 10% of the asexual parasite density (criteria

—&— Chloroquine —— Amodiaquine —&— Sulfadoxine/pyrimethamine ‘

TABLE |
In vivo Plasmodium falciparumesponse to the different antimalarials
Sample Rl RIl RI Resistance (R) Failure Sensitivity Overall R
CHL =30 2(6.7%) 12(40%) 0 14 47% 6/20% 10(33%) 67%
AMO = 31 0 1(3%) 0 1 3% 0 30(97%) 3%
SDX/ 0 2(6%) 0 2 6% 1/3% 30(91%) 9%
PYR =33

CHL: chloroquine; AMO: amodiaquine; SDX/PYR: sulphadoxine-pyrimethamine

TABLE Il

In vivo response and parasitaemia to chloroquirl@asmodium falciparurpatients

Response Patients Mean parasitaemi
No. % Day 0 Day 2 Day 3 Day 7

Sensitive 10 33.3 10217 1040 151 0
Resistance Il 12 40.0 10004 3524 811 234
Resistance IlI 2 6.7 30395 13351 20198 N.A.
Parasitological failure 6 20 4529 14644 N.A. N.A.
Total 30 100

N.A: not availablea: two patients had 1,490 and 59,300 parasites/knmip statistically significant differences were observed
between the results obtained on day 0 when compared with results of any other day (H Kruskal-Wallis = 0,567; df = 3; p =
0,904019), but significance was observed when comparing mean results of from days 2, 3 and 7:

Day H Kruskal-Wallis df p value
2 12.784 3 0.005127
3 14.508 3 0.002289
7 12.224 3 0.000472
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TABLE 1lI
In vivo response and parasitaemia to amodiaquiidasimodium falciparurmfected patients
Response Patients Mean parasitaemia/pl
No. % Day O Day 2 Day 3 Day 7
Sensitive 30 97 13167 713 16.7 0
Resistance Il 1 3 11656 80 5 3
Total 31 100

No statistically significant differences were observed between the results obtained on day 0 when compared with restlhisrof any
day (H Kruskal- Wallis = 0.612; df = 1; p = 0.433848), similarly no significance was observed between days 2 and 3 dautcggnifi
was observed when comparing mean results of day 7:

Day H Kruskal Wallis df p value
2 0.003 1 0.955344
3 2.355 1 0.1249087
7 30.00 1 0.000000
TABLE IV
In vivo response and parasitaemia to sulfadoxine/pyrimethamiPlasmodium falciparurpatients

Response Patients Mean parasitaemi/pl

No. % Day 0 Day 2 Day 3 Day 7
Sensitive 30 90.9 4852 67 14 0
Resistance Il 2 6.1 5432 210 385 104
Parasitological failure 1 3 3920 4831 N.A. N.A.
Total 33 100

N.A: not availablea: no statistically significant differences were observed between the results obtained on day 0 when compared
with results of any other day (H Kruskal- Wallis = 0,480; df = 2; p = 0,786824), but significance was observed when comaaring
results of from days 2, 3 and 7:

Day H Kruskal-Wallis df p value
2 6.094 2 0.047501
3 11.058 2 0.000883
7 30.968 2 0.000000

TABLE V It must be noticed that in all in vivo and in vitro sensi-
In vitro sensitivity to chloroquine, amodiaquine y sulfadoxine/tivity tests a concordance of 100% was observed in both

pyrimethamine AMO [(15 + 0)/15] and SDX/PYR [(9+0)/9] cultures. For
Samples Cloroquine  Amodiaquine Sulfadoxine/ ~ CHL, the concordance between both tests was only of
pyrimethamine  33% [(6 + 0)/18].
Plated 30 31 33 DISCUSSION
Successfully 18 16 12 Low frequency (3-9%) of in vivo resistance was ob-
cultured served to AMO and SDX/PYR, 100% of concordance was

Sensitive 18 16 12 seen between the in vivo and in vitro tests fro these drugs.
Resistant 0 0 0

On the other hand in vivo resistance to CHL was very
high (67%) and concordance was (33%). Such high levels
of resistance have been registered in many malarial zones
of the world such as Papua New Guinea, 85% (Al Yaman
used by the WHO to evaluate the quality of the in vitret al. 1996); Tanzania, 44% (Ekvall et al. 1998) and Burundi
test) with low concentration of drug. In the case of the injighlands, 77.8% (Di Perri et al. 1998). This resistance has
vitro SDX/PYR response, inhibitory concentration 50 wagrequently been observed after massive intake of antima-
found in well B (10/0.125 pmol) and inhibitory concentratarial medicaments for prophylaxis (WHO 1996); but this
tion 90 in well C (30/0.375 pmol). was not the case in our study. Two aspects are very re-
Concordance between in vivo and in vitro responsefarkable in the zone studied: (a) the high incidence of
- Table VI shows the co-relation between in vivo and ifalaria caused b9. vivaxand the high frequency of treat-
vitro results. The in vitro results only include the cases @fient with CHL; (b) this consequently exerts pharmaco-
successful culture. However, there were few cases Withyical pressure on the population and allows some strains
unknown result. of P.falciparumto become resistant. In Turbo during the
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TABLE VI

Concordance of in vivo and in vitro respons@tzfsmodium falciparurto chloroquine (CHL), amodiaquine (AMO) and to
sulfadoxine/pyrimethamine (SDX/PYR)

Drug Invivo In vitro response % resistange % concordanck
response Sensitive Resistarit In vivo In vitro

CHL Sensitive 6 0 67 0 33
Resistant 12 0

AMO Sensitive 15 0 97 0 100
Resistant 0 0

SDX/PYR Sensitive 9 0 91 0 100
Resistant 0 0

a: in vitro, tests with results known were sensitive, however, we did not know the in vitro response of many cases that in vivo
analysis were sensitive or resistant:

Sensitive Resistant

CHL 4 8
AMO 15 1
SDX/PYR 21 3

b: it refers to all cases with results known in both in \awal in vitroanalysis.

same time of the year of the present study, we found in These results suggest that, similarly to previous ob-
vivo resistance to CHL of 97%. Both studies were deservations made in Turbo (Blair et al. 2001), in Zaragoza,
signed in a similar manner and identical measures weBajo Cauca region (Colombia), there is a high prevalence
taken to avoid loss of patients and guarantee right intaké CHL resistan®. falciparum We suggest sanitary au-
of the drugs in order to avoid bias (Blair et al. 2001). Ladkorities should study and implement new treatment poli-
of compliance and presence of vomit or diarrhea were noes in cases dP. falciparumdiagnosed in the region.
responsible for the differences observed between theRarthermore, resistance studies in the rest of the country
vivo and the in vitro results since patients were carefullshould be carried out to evaluate sensibility to the
monitored. Similarly, quality of the CHL suministered byantimalarials in cases &f falciparumandP. vivax
the Ministery of Health was checked 'in three separate ACKNOWLEDGEMENTS
laboratories (two in Colombia and one in Uruguay).
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tests, since they reflect better the biological interaction REFERENCES
with the drug and the host’s response. However, in vivg .,

; . aman F, Genton B, Mokela D, Narara A, Raiko A, Alpers
tests are affected by variables that might be out of control \\p 1996. Resistance &lasmodium falciparunnnalarig

such as absorption deficit due to the diet (Tulpule & to amodiaquine, chloroquine and quinine in the Madang

Krishanaswamy 1982, 1983, McElnay et al. 1982, Romero Province of Papua New GuinéiNG Med J 3916-22.

etal. 1993) or other drugs (Mahmoud et al. 1994), increasedrat L, Mulenga M, Kapelwa W, Nkunika S, Himonga B,

degradation of the drug into inactive metabolites and pres- Ettling M, Ruebush T, Bloland P 1996. A standard proto-

ence of intestinal parasite infections. We found preva- col for assessing and monitoring malaria therapy efficacy in

lence of intestinal parasite infections in all age groups Zambia, Center for Diseases Control and Prevention, At-

and rural and urban areas in around 50% of individuarlgs lanta, Georgia, USA. .

(unpublished data). This might explain in part, the differ>€"9avist Y, Christier H, Funding L, Suther A 1985. Determina-

ences observed between the in vivo and the in Vitro re- tion of chlo_roqum_e and its r_netabolltes in urine: a field method

. . based on ion-pair extractioBull WHO63: 893-898.

sults and future studies should address this problem. g|,ir 5 1986, Resistencia Befalciparuma drogas en Colombia
Explanation for such a high resistance to CHL (67%) 1961-1986Biomedica 695-100.

can not be simple. We found that from 18 strains knowglair S, Lacaharme LL, Carmona-Fonseca J, Tobon A 2001.

as sensitive in vitro, 12 were resistant in vivo and 6 sensi- Resistencia dE. falciparuma tres farmacos antimalaricos

tive in vivo. Lack of concordance between the in vivo and en Turbo (Antioquia, Colombia), 199Bev Panam Salud

in vitro tests for CHL have also been reported by other Publica9: 23-29.

authors (Testa et al. 1998); however, contrary to our fin@ Perri G, Olliaro P, Nardi S, Deganello R, Allegranzi B, Bonora

ings, more resistance in vittean in vivo has been gener- S Vento S, Concia E 1998. Response of uncomplicated

ally observed. The low concordance in the CHL groups fa]uparum malaria to oral chloroquine and quinine in Burundi

was also observed in a study carried out in the pOpUIékngI?ITaFr’]rcciesnﬁiCtZa g%eIngggﬁslé% Chloroquine treatment

tion of Turbo, where concordance was 23% for CHL, ' iz = ' d

0 0 ‘ for uncomplicated childhood malaria in an area with drug
82% for AMO and 100% for SDX/PYR (Blair etal. 2001).  resistance: early treatment failure aggravates anagraies



406 Resistance of P. falciparumin Colombia e Silvia Blair-Trujillo et al.

R Soc Trop Med Hy82: 556-560. vivo de la resistencia ddasmodium falciparura cloroquina

Mahmoud BM, Ali HM, Homeida MM, Bennett JL 1994. Sig- Yy sulfa/pirimetamina en Quibdé-Choc@®iomédical?
nificant reduction in chloroquine biolavailability following (Supl. 2): 201-202.
coadministration with the sudanese beverages AradaiBomero A, Matos C, Gonzalez MM, Nufiez N, Bermudez L,
Karkadi and Lemonl Antimicrob Chemoth&3: 1005-1009. De Castro G 1993. Alteraciones de la mucosa gastrica en

Martinez C 1984 Muestreg Ecoe, Bogota, p. 45-47. malaria agudeGEN47: 123-128.

Martinez C 1987Estadistica4 ed., Ecoe, Bogota, p. 599-604.Testa J, Traore LK, Nabalma S, Sondo B, Guissou IP 1998.

Mc Elnay JC, Mukhtar HA, D’arcy PF, Temple DJ 1982. In Chloroquine resistance &lasmodium falciparumStudy
vitro experiments on chloroquine and pyrimethamine ab- of a surveillance method based on placental apposition and
sorption in the presence of antiacid constituents on Kaolin. determination of blood chloroquine in pregnant women.
J Trop Med Hyg 85153-158. SanteB: 293-296.

Ministerio de Salud de Colombia 1998uia Clinica para el Tulpule A, Krishanaswamy K 1982. Effect of food on
Diagnostico y Tratamiento de la Malaria en Colombia  Pioavailability of chloroquineEur J Clin PharmacoP3:
Direccion General de Promocion y Prevencion, Santa Fe de 271-273. o
Bogota. Tulpule A, Krishanaswamy K 1983. Effect of rice diet on chlo-

Ministerio de Salud de Colombia 199Blalaria por roquine bioavailabilityDrug Nutr Interact2: 83-86. .
Departamentos, Muestras Examinadas, Positivas y pdialker M, Lopez F 1968. Response to drugs of South Ameri-
Especie en Colombjanidad Administrativa de Camparias ~ €an strains oP. falciparumTrans R Soc Trop Med H{g:
Directas, Santa Fe de Bogota. 654-667. L .

Moore DV, Lanier SE 1961. Observations of tRlasmodium WHO-World Health Organization 1990. In vitro test (m_ark 1)}
falciparuminfections with an abnormal response to chloro- for _the assessment of the re_spons_el_:’wsmodlum
quine.Am J Trop Med HygO0: 5-9. falciparumto chloroquine, mefloquine, quinine, sulfadoxine/

Mount DL, Green MD, Zucker JR, Were JBO, Todd GD 1996, PYfimethamine and amodiaquine. World Health Organiza-
Field detection of sulfonamides in urine the development %Ht(lé)rclvdolcdumenlthMAPIB?.Z r_ewsllon 1. f th
a new and sensitive tegtm J Trop Med Hyg 5250-253. -World Health Organization 1996. Assessment of thera-

Osorio LE, Giraldo LE, Grajales LF, Barat LM, Cordoba F, peutic efficacy of antimalarial drugs for uncomplicated

. S falciparum malaria in areas with intense transmission. World
Arriaga AL, Andrade AL, Ruebush T 1997. Evaluacion in Health Organization WHO/MAL/96.107.



