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Abstract. This study evaluated the cure rate of the standard recommended reginf@asorodium vivaxnalaria
in Brazil and assessed risk factors for failures. Fifty patients with vivax malaria given supervised medical treatment
(standard dose of chloroquine: total dosel.5 g over a three-day period plus primaquine: total deszl0 mg over
a 14-day period) were followed for six months in a non-endemic area. Cox’s regression was used to identify predictors

of relapses. Among the 289 patient-months of follow-up,

seven relapses were identified (2.4 relapses per 100 person-

months) between 33 and 137 days after treatment initiation. Risk factors for rel&pse®.05) were female sex,

higher parasitemia at baseline, shorter number of days

with symptoms prior to baseline, and lower mg/kg dose of

primaquine. Relapses following supervised vivax treatment is in principle a necessary, but not sufficient, component
of in vivo parasite resistance. Results indicate that other factors, principally sub-therapeutic primaquine doses, may

explain the occurrence of vivax treatment failures.

INTRODUCTION

Relapses oPlasmodium vivaxnalaria due to primaquine
treatment failure have been documented since 1950, with
few small-scale studies recently reported from Latin Amer-
ical 5 The observation oP. vivaxrelapses that occur later
than 28 days after the start of treatment (usually supervised)
is generally attributed to parasite resistance to primaquine
without further investigation of other determinants.

The recommended treatment for radical cure of adults
with vivax malaria is a combination of chloroquine (total
dose= 25 mg of base/kg over a three-day period) and pri-
maquine (0.250.3 mg/kg per day over a 1l4-day period,
total dose= 3.5-4.2 mg/kg), with primaquine given for its
hypnozoitocidal activity.” Operationally, however, treatment
for vivax malaria is typically prescribed for adults according
to a weight-independent recommendation (chloroquine: total
dose= 1.5 g over a three-day period plus primaquine: 15
mg/day over a 14-day period, total dose210 mg)® This
standard treatment recommendation implies that only pa-
tients weighing 5660 kg or less receive the mg/kg rec-
ommended therapeutic dose of primaquine {32 mg/kg).
Although some have stressed the importance of the weight-

dependent dose, recent studies investigating radical cure

rates seldom consider a patient’s weight to be a contributing
factor to failure? Today, most malaria patients in Brazil are
male, usually miners or agriculture workers, with many ex-
ceeding this 5660 kg weight limit, who are prescribed dos-
es of primaquine independent of their weights.

Moreover, there are a number of other factors that may
affect the vivax cure rate in a given area, such as patient’s

MATERIALS AND METHODS

Study design. The project was designed as a clinical trial
without control group (prospective open trial) conducted in
a non-endemic area, where one group of patients with vivax
malaria received standard treatment with supervised admin-
istration of all doses of medication. They were then moni-
tored for at least six months (or while they remained in the
study) for relapse.

Population and €ligibility criteria. The study was con-
ducted in the city of Cuiabathe capital of Mato Grosso
state, located in the southern part of the Brazilian Amazon.
The city itself has no malaria transmission, but receives ma-
laria patients from several surrounding endemic areas. The
study was conducted at the Hospital of the Federal Univer-
sity of Mato Grosso with additional patients recruited from
other malaria clinics in the city. These malaria laboratories
are open on a daily basis and offer malaria diagnosis and
treatment free of charge throughout the year. Admission cri-
teria were a minimum age of 14 years, a diagnosis of vivax
malaria without othePlasmodiunspecies, no previous ma-
laria treatment for the current malaria episode in the past 15
days, a willingness to stay in Cuialfar at least six months
after starting treatment, and signed informed consent. Ap-
propriate informed consent was obtained and the research
was conducted in accordance with guidelines for human re-
search as specified by the Brazilian National Council of
Health (Health Ministry, Resolution No. 196/96).

Exclusion criteria were post-admission diagnosis of mixed
infections, occurrence of side effects during treatment, or
patient refusal to continue with study follow-up.

Baseline data. After study inclusion, patients were inter-

level of immunity, parasite strain, and number of parasites yjewed using a standard form for information regarding age,
inoculated® Although several recent studies have shown fail- sex, weight, pregnancy, days ill prior to admission, symp-

ure of the standard vivax treatment, no studies have assesseghms, probable locale of infections, history of malaria, any
associations between the likelihood of treatment failure and medication during last 30 days, and use of primaquine. Stan-
epidemiologic factors in this context. dard clinical examinations were performed. Spleen size was
Therefore, the objective of this study was to evaluate the measured in a supine position as centimeters below the cos-
cure rate of the recommended treatment regimen for radicaltal margin in the mid-clavicular line. In addition, malaria
cure of vivax malaria in Brazil and to assess risk factors of smears were collected to confirm smear results from the re-
failures. ferral clinic, as well as to determine parasite density.
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Laboratory procedures. Giemsa-stained malaria smears independent predictors of relapséslime to relapse after
were examined. Briefly, two thick blood smears were pre- baseline was defined as number of days between the baseline
pared for each reading and air-dried. Smears were de-hemvisit and the recurrence of a positive vivax smear. Dates
oglobinized with methylene blue and stained with Giemsa’s (day, month, and year) were recorded for all the following
stain. Well-trained laboratory technicians examined 100 events: baseline examination, parasite clearance and recur-
high-power microscopic fields for parasite identification and rent parasitemia, all study visits, and malaria smear exami-
quantification. Results were reported as the number of par-nations. If an individual did not relapse during follow-up or
asites per 200 white blood cells (it was assumed that white if an individual was lost to follow-up before experiencing
blood cell counts were the same among patients). any malaria relapse, for the purpose of survival analyses,

Treatment. This study used the standard dose of chloro- this individual was censored at the time of his or her last
quine (3 days: 600 mg on the first day and 450 mg on the follow-up visit with a malaria smear examination. Assess-
second and third days, total dosel.5 g) plus primaquine ment of potential predictors and relapse rate was based on
(15 mg/day over a 14-day period, total dose210 mg) an automatic model selection procedure (backward exclusion
according to national guidelines. Although each patient re- criteria P > 0.10). The significance level for all hypothesis
ceived the same amount of primaquine, the dose per kilo- testing was set & = 0.05. For the final model using Cox’s
gram of body weight was calculated, and the association of proportional hazards regression, the proportional hazard as-
this variable with relapses was assessed. sumption was assessed using the method proposed by

Follow-up data and procedures. During treatment.In- Grambsch and Therneau, which is incorporated in STATA
vestigators supervised administration of all doses either at Statistical Software: release 6%9*? The rejection of the null
the patient's home or during his or her follow-up visits to hypothesis P < 0.05) indicates deviation from the propor-
the laboratory. When this procedure was not possible, pa-tional hazard assumption.
tients were asked on a daily basis if he or she took all doses
of the medication. Moreover, throughout treatment, patients
were asked about symptoms and any non-study medications
used. They were asked specifically about the occurrence of A total of 56 patients met the inclusion criteria during the
diarrhea or vomiting after each previous medication dose. If study entry period (from February 1997 to October 1998).
vomiting occurred within 1 hr of medication administration, Six patients (10.7%) were excluded from this analysis due
that medication dose was not “counted” and chloroquine to an initial misdiagnosis, lost to follow-up before treatment
and/or primaquine treatment was extended for one additionalcompletion, or refusal to continue.
dose. Malaria smears were examined on day 1 (baseline/start The average follow-up period of the 50 patients who re-
of treatment) then every other day, until two consecutive mained in the study was 5.8 months (174 days, rarge
negative smears were obtained. Although tests for glucose-26—365 days). Most patients (72.0%) were followed for six
6-phosphate dehydrogenase were not performed, most pamonths or more (Table 1). A total of 8,681 patient-days (or
tients reported use of primaquine without signs of hemolysis 289.4 patient-months) of follow-up was observed.
or other side effects. Because daily visits were planned, side The majority of the subjects were male (76.0%) with ages
effects due to study medications could be detected promptly, between 14 and 77 years (mearSD = 31.8 + 12.8 years)
so that treatment could be discontinued. and weights between 42 and 102 kg (meai$D = 67.3 =

After treatmentAfter treatment (and parasite clearance), 14.7 kg). They acquired their malaria infections in the Bra-
patients were visited monthly and malaria smears were pre-zilian states of Mato Grosso (54.0%) or Rondonia (24.0%).
pared and examined on days 30, 60, 90, 120, 150, and 180Use of primaquine was reported by 68.0% of the patients.
after treatment initiation. Between scheduled visits, patients Few patients (r= 3) reported primaquine use from 19 to 30
were instructed to contact investigators for recurrence of any days prior to study admission. All others reported most re-
malaria symptoms or if they decided to travel out of the cent use of primaquine at least 45 days prior to study ad-
study area. Relapse (or treatment failure) was defined as anymission. Splenomegaly was observed in 19 (40.4%) patients.
reappearance of vivax parasitemia during the follow-up pe- There was a large variation in the number of clinical malaria
riod after completion of treatment and parasite clearance. If episodes reported (mean SD = 5.8 = 10.0 episodes). On
patients relapsed, they were re-treated with chloroquine (3 admission, most patients reported fever (100%), headache
days: total dose= 1.5 g) and a double daily dose of pri- (92.0%), and myalgia (64.0%). They were symptomatic a
maquine (30 mg/day over a 14-day period, total des¢20 mean=* SD of 6.5+ 4.7 days prior to admission and their
mg). Side effects were also monitored during this period. mean= SD parasitemia at baseline was 234.£229.3 par-
After re-treatment, patients were asked to return to the ma- asites per 200 white blood cells.
laria clinic or to call one of the investigators due to any Among the patients admitted to the study, 18% self-ad-
reappearance of malaria symptoms. ministered medications without supervision and the investi-

Statistical analysis. Data were analyzed using STATA gators supervised administration of all doses in the other
Statistical Software release 30Descriptions of baseline  82%. A standard 15-mg daily dose of primaquine was pre-
and follow-up data are reported as the measD and pro- scribed for all patients, and the meanSD total mg/kg of
portions. Whenever possible, continuous variables were cat-body weight dose of primaquine administered was 3t26
egorized using biologically meaningful categories. The life 0.68 mg/kg. Due to the weight distribution of the study pop-
table method was used to describe survival curves and toulation, 30 (62.5%) patients received total doses of prima-
visually compare non-failure rates among different groups. quine less than 3.5 mg/kg of body weight, 13 (27.1%) pa-
Cox’s proportional hazards regression was used to identify tients received total doses of between 3.5 and.2 mg/kg

RESULTS
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TaBLE 1

Description of the study population and individuals who relapsed following treatment of vivax malaria with primaquine (14 days) and chlo-
roquine (3 days)

Study population Patients who relapsed
Variable (range if continuous) Category (n = 50) n=7)
Days of follow-up (14—240 days) <180 days 14  (28.0%) 7  (100.0%)
Sex % male 38 (76.0%) 6 (85.7%)
Age (14-77 years) Mean ¢ SD) years 31.8 (* 12.8) 28.6 (* 6.1)
Weight (42—-102 kg) Mean ¢ SD) kg 67.3 (* 14.7) 78.0 (* 14.3)
State of infection (probable) % Mato Grosso 27  (54.0%) 3 (42.9%)
Use of primaquine % yes 34  (68.0%) 5 (71.4%)
Spleen size (0-5 cm)* % =1 cm 19 (40.4%) 2 (33.3%)
Malaria episodes (1-50) Mean ¢ SD) episodes 5.8 (= 10.0) 89 (= 14.1)
Days with symptoms prior baseline (1-24) Mean ¢ SD) days 6.5 (* 4.7) 4.4 (= 3.0)
Parasitemia at baseline (3—966 parasites Mean ( SD) parasites 234.4 (& 229.3) 282.6 ( 303.1)
per 200 white blood cells) per 200 white blood cells
Drug administration % supervised 41  (82.0%) 7  (100%)
Final total dose of primaquine received Mean ¢ SD) mg/kg 3.26 (+ 0.68) 2.76 (+ 0.52)
(2.06-5.00 mg/kg)t

Days for parasite clearance (1-7 days)t % 1-4 days 29  (70.7%) 4 (57.1%)
Vomiting during treatment % yes 0 (0.0%) 0 (0.0%)
Diarrhea during treatment % yes 8 (16.0%) 0 (0.0%)
Travel to endemic areas during follow-up % yes 12 (24.0%) 0 (0.0%)

* Spleen size was measured in a supine position as centimeters below the coastal margin in the mid-clavicular line.
T Final total dose of primaquine received was calculated dividing the standard dose received (210 mg) by the patient’s weight at baseline.
+ Proportion of missing data ranged from 0% to 6%, except for days for parasite clearance (missingl8z28&6).

of body weight, and only five (10.4%) patients received total eas during follow-up. There were six males and one female
doses of at least 4.2 mg/kg of body weight. All patients who relapsed (mean SD age= 28.6+ 6.1 years). Spleno-
cleared their parasitemia within seven days after of the startmegaly was observed in two relapsed patients. In general,
of therapy, with the majority (70.7%) clearing parasites with- they did not differ from the overall population. However, the
in four days. None reported vomiting within 1 hr after med- mean total dose of primaquine (mg/kg) was lower for the
ication, and 16.0% of patients reported diarrhea during treat- patients who relapsed (mean SD = 2.76 = 0.52 mg/kg)
mept. No important side efft_acts Wer_e reported_or ob_served than for the overall population of patients (meanSD =
during treatment of the primary vivax malaria episode. 326+ 0.68 mg/kg) or for those who did not relapse (mean
Twelve (24%) patients reported travel to endemic areas dur- + sp = 3.35 + 0.67 mg/kg). The one female patient who
ing follow-up. . relapsed received a total primaquine dose of 3.5 mg/kg. The
Among the 50 patients analyzed, seven relapses (treatmentemaining six patients (all males) who relapsed received to-
failures) were observed. Relapses occurred on days 33, 735 primaquine doses of 3.3, 3.0, 2.6, 2.5, 2.3, and 2.1 mg/
82, 88, 113, 121, and 137 after treatment initiation at a rate kg, respectively. Of the relapsing patients, four patients
of 2.4 relapses per 100 person-months (7 relapses/289.4 Pelzleared their parasitemia by day 3 and the other three pa-
son-months). Detailed characteristics of patients who re- tients by day 5 after treatment initiation
lapsed are presented in Table 1. All relapsing patients were A, relapsed patients were re-treated and received chlo-
from the group in whom investigators super_wsed adminis- roquine (3 days: total dose 1.5 g) and double daily-doses
tration of all doses. None of them reported diarrhea or vom- of primaquine (30 mg/day over a 14-day period). No im-

iting of study medications and none traveled to endemic ar- portant side effect was reported or observed during re-treat-
ment, except for one patient who presented with jaundice.
A This patient was re-treated for all subsequent relapses of
malaria symptoms and parasitemia with chloroquine (3 days:
total dose= 1.5 g) alone. One of the seven patients who
was re-treated with a double dose of primaquine relapsed
again after a few months. He was successfully treated with
a double dose after a second re-treatment course. The re-
maining six patients did not return to the clinic with malaria
. - symptoms after re-treatment during the study period.
A follow-up period of at least 4.6 months was necessary
06 ‘ ‘ ‘ ‘ to observe all the relapses of this cohort. Although it is not
0 50 10 18 20 250 A0 360 400 450 possible to predict how many relapses occurred after study
termination, based on these results it was observed that the
E LN | tos after standard vivax treat ¢ strat hazard of relapses decreased substantially after five months
ifiec;Gl;J;liotél doas rgf%‘;?nfggu‘?ﬁear:gesivir& g: 48\;'_\'2)(;?;;‘325'; *@" of follow-up. Survival curves are shown for different total
= 4.2 mg/kg (n= 5). X = total dose 3.5 to> 4.2 mg/kg (n= 13). doses of primaquine (Figure 1). These curves show a higher
o = total dose< 3.5 mg/kg (n= 30). relapse rate with decreasing dose.
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TABLE 2

Crude and adjusted hazard ratios (HRs) from Cox regression models to assess the association between selected predictors and relapse rates

during follow-up among patients treated for vivax malaria with primaquine (14 days) and chloroquine (3 days)*

Crude Adjustedt
Category

Variable (or range if continuous) HR P value HR (95% CI) P value
Age 14-77 years 0.98 0.628 - -
Sex 0 = female, 1= male 211 0.488 0.03 (0.001-0.893) 0.043
Parasitemia at baseline 3-966 parasites per 200 1.00 0.580 1.00 (1.000-1.008) 0.051

white blood cells

Days with symptoms prior to baseline  1-24 days 0.84 0.199 0.62 (0.387-1.010) 0.055
Malaria episode 1-50 episodes 1.02 0.501 — —
Total dose of primaquine received 2.1-5.0 mg/kg 0.20 0.028 0.02 (0.001-0.291) 0.005
Days for parasite clearance 1-7 days 1.24 0.494 2.46 (0.897-6.727) 0.080

Overall chi-squareR value)
Log likelihood (Pseudo B

- 17.79 P = 0.003)%
-15.28 (R = 0.368)

* Proportion of missing data ranged from 0% to 22%.

T Adjusted HRs and 95% confidence intervals (95% Cls) from final Cox regression model using backwards automatic model Bete€tib@)( n= 39.
F Proportional hazard (PH) assumption test for the adjusted mBdel0.51 (no evidence of violation of the PH assumption).

To identify factors that could be statistically related to the

among patients receiving adequate mg/kg dose of prima-

relapse rate in the study population, associations betweenquine).

baseline characteristics of patients and occurrence of relaps- The association between relapse rate and days for parasite
es were analyzed using Cox’s proportional hazards regres-clearance was marginally not significai® & 0.080), but
sion. Results of crude models and adjusted final model de-this variable was kept in the final model becauseRhalue

rived by backward automatic model selection are shown in was less than the cutoff valu® (< 0.10) defined for the
Table 2. Crude analysis identified only one variable associ- backwards model selection. Overall, the final Cox model is

ated with relapses: the total mg/kg primaquine dd3e=(
0.028). Other variables not statistically associatee:(0.20)

highly significant P = 0.003) and explains approximately
36.8% (pseudo B of the outcome (relapse rate) variability.

with relapse rate in the crude analysis were sex, age, para-

sitemia at baseline, days with symptoms prior to baseline,

malaria episodes, and days for parasite clearance.
The full model for the backward automatic model selec-

DISCUSSION

This study, which ensured compliance with medication

tion procedure was based on variables shown in Table 2. Itadministration and ruled out the possibility of reinfection,

included the most biologically plausible predictors of treat-
ment failure. This full model was limited to this set of var-
iables due to the low power of this analysis=r7 relapses).

showed a cure rate of 86% after the standard vivax treat-
ment in Brazil (chloroquine plus primaquine) to clear par-
asitemia and prevent relapses during an average of six-

The crude association between days from last primaquinemonth follow-up period. The relapses occurred between
dosage (19 or more days) and time to relapse was marginallydays 33 and 137 after treatment initiation. An absence of

not significant P = 0.08), but this association was not an-
alyzed in the multivariate analysis due to power limitations,
because this question was poorly answered.

A final Cox model identified as risk factors for relapse
(Table 2) sex (femaleP = 0.043), higher parasitemia at
baseline P = 0.051), shorter number of days with symptoms
prior to baseline R = 0.055), and lower total mg/kg dose

failure during the first 28 days indicates a high cure rate of
chloroquine (and perhaps primaquine) against the blood
stages ofP. vivax.Failures beyond 28 days are indicative
of the failure of primaquine to kill the hypnozoites. Al-
though serum drug levels were not obtained, there were no
reports of vomiting of medications and diarrhea was min-
imal, indicative of adequate drug absorptidn.vivo fail-

of primaquine P = 0.005). Crude analysis of the association ures, which occur under these conditions, have been used
between sex and time to relapse identified that males hadby many as evidence of parasite resistance to prima-
twice the probability for relapsing than females (ER.) = quine#813-15 However, given that the baseline efficacy of
2.11), but this association was not statistically significant. In primaquine to prevent relapse varies among different geo-
fact, 6 males relapsed out of 6,492 male person-days (relapsegraphic strains, it has being suggested that the best evi-
rate = 0.0009), and only 1 female relapsed out of 2,189 dence for the development of parasite resistance would be
female person-days relapsed (relapse rat@.0005). How- to show a trend towards poor cure rates over time for a
ever, multivariate analysis showed the opposite {kR.= given geographic locatioh.Surely, this assumes that all
0.03,P < 0.05): females were more likely to relapse than other important risk factors, such as malaria immunity, pa-
males, independent of the total mg/kg dose of primaquine tient weight, sex ratio, and drug quality are similar over
received. This happened because total dose of primaquine igime (or the analysis must adjust for them).

a confounder for the association between sex and relapses: Our study identified some of these important risk factors:
total dose of primaquine is a risk factor for relapses, it has weight-dependent doses, sex, baseline parasitemia, and du-
a negative association (linear regression coefficignt ration of symptoms prior to baseline. Less obvious than the
—0.86) with sex (female= 0, male= 1), and there are other others is the association between sex and relapses. This
weight-independent factors putting women at risk of failure association may be due to differences in absorption, me-
(the female who relapsed was the only relapse observedtabolism, hormonal interference, or excretion. Unfortunate-
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ly, there are no similar sets of previously collected data the area, contribute to a high relapse rate. Moreover, in the
from South America to which the cure rate of primaquine absence of prior primaquine resistance studies to use as base-
observed in this study can be compared. Perhaps this studyline, it is difficult to assume that these same doses of pri-
can serve as the baseline for monitoring future trends of maquine had significantly better cure rates in previous years,
primaquine cure rates. Ih vitro methods forP. vivaxcul- or even if previous populations had similar risk factors such
ture and drug sensitivity testing were developed, it may be as weight, sex, and immunity. In this regard, for example, it
possible to confirm suspected cases of parasite resistanceis possible that previously malaria affected entire villages

Our study does not rule out the possibility that parasite whereas now it is an occupational disease affecting mainly
resistance is occurring. If or when low-grade resistance first adult males. In light of what is known today, such baseline
appears, it may be expected that it will initially cause fail- data would help to identify development of resistance in a
ures in those with the highest risk factor profile for treat- given geographic area, and would improve the validity of
ment failure, similar to what we have seen in this study. conclusions from primaquine resistance studies.
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