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INTRODUCTION

Malaria, febrile infectious diseases caused by protozoa of the Genus Plasmodium, occurs broadly in
tropical and subtropical regions as well as in temperate climates. Currently more than 40% of the
world’s population lives in malaria endemic areas."” Vivax malaria (benign tertian malaria) caused by
Plasmodium vivax is the second most prevalent disease following P falciparum malaria. Vivax
malaria is widely distributed geographically in the most densely populated regions including South

Korea.?

Vivax malaria has existed as an indigenous disease on the Korean Peninsula for many centuries.>*
Once the malaria was designated as a legal communicable disease in 1963 and malaria control efforts
were conducted with the World Health Organization (WHO), the number of patients gradually
decreased. South Korea was declared malaria eradication by WHO in 1979 and indigenous malaria
was not reported after 1984 for several years.” However, the vivax malaria has reemerged in 1993.
After the first patient has been reported in Paju-gun, Gyeonggi-do Province, near the Demilitarized
Zone (DMZ) in 1993, the number of annual cases have been rapidly increased with up to 4,142
cases in 2000.” Since then, around 500 to 600 patients each year have been occurring mostly in
northwestern area including Gyeonggi-do Province and the Incheon (Figure 1), posing a major public

health problem in South Korea.
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Figure 1. Number of malaria cases, reported at 1 year intervals, from 2001 through 2019. Retrieved from http://www.cdc.go.kr/npt/biz/npp/nppMain.do



In the life cycle of vivax malaria, sporozoites are injected to the host by infected female Anopheles
mosquito during the blood meal. P. vivax sporozoites first infect hepatocytes, and take two distinct
pathways. Some develop directly into liver-schizonts, which release merozoites to initiate the asexual
cycle in the blood, and the others remain as hypnozoites (dormant stages) that do not divide and stay
dormant.® If not treated properly, this hypnozoites can cause new blood-stage infections weeks to
months after the initial attack and is conventionally considered to be the source of relapse in P. vivax
malaria. Therefore, treatment of vivax malaria requires the clearing of blood schizonts and killing

hypnozoites termed ‘radical cure’.”

The standard blood schizonticide for vivax malaria in South Korea is hydroxychloroquine or
chloroquine, which became the first-line antimalarial drug for P vivax infection from the early
1950s.'” In recent studies, however, it has been reported that the parasite clearance time (PCT) is
being extended since when vivax malaria reemerged in South Korea,'" '? and P vivax malaria
indigenous to South Korea tend to have longer PCT than in tropical countries of Southeast Asia (Table
1). Delaying the effect of chloroquine treatment maybe dependent on various factors, such as sub-
therapeutic weight-adjusted chloroquine dose, chloroquine resistance of P. vivax strains, initial high-
parasitemia level, non-adherence to the prescribed regimen, and cytochrome P450 enzyme genotype

of host related to chloroquine metabolism.



Table 1. Parasite clearance times in patients treated with chloroquine for P. vivax, East Asian countries other than South Korea

Sample Parasite clearance
Study (years) Country (Location) Population Chloroquine treatment regimen
size time (hours)
Pukrittayakamee S, et al. ~ Thailand Adults (> 15y) 25 mg of base/kg for 36 hours 30 65 (mean)
(2000)"
Krudsood S, et al. Thailand Adults (> 15y) 25 mg base/kg for three days 51 55.8 (mean; range 23-
(2007)'¥ 106)
Poravuth Y, et al. Cambodia, Thailand, Aged between Adults: 620 mg on Days O and 1 and 209 32 (median)
(2011)" India, and Indonesia 3-60 years 310 mg on Day 2
Children: 10 mg/kg on Days 0 and 1
and 5 mg/kg on Day 2
Muhamad, et al. (2011)'®  Thailand (Tak province; Aged between 2,000 mg chloroquine phosphate for 130 30 (median, 95% CI
Thai[Myanmar border) 15-60 years three days 18-36)
Hoéglund, et al. (2016)'”  Thailand (Tak province; ~ Aged between 25 mg base/kg for three days 75 30 (median, 95% CI
Thai[Myanmar border) 17-52 years 18-36)
Phung Duc Thuan, et al. Vietnam (Binh Phuoc Aged >3 years 25 mg base/kg for three days 65 36 (median, IQR 30-

(2016)'® Province)

48)




WHO recommends chloroquine at a total dose of 25 mg base/kg in areas with chloroquine-sensitive
P, vivax. Lower total doses are not recommended since they accelerate the emergence of resistance.”
However, the United States Centers for Disease Control (CDC)' and malaria treatment guideline
from the United Kingdom®” recommend a fixed dose regardless of body weight. A previous study in
Korea showed that the dose of chloroquine did not reach adequately according to the patient's

gradually increasing body weight, and in many cases, a suboptimal dose was administered.'”

The resistance to chloroquine by the asexual blood stages of P. vivax had emerged within a decade
and evidences of reduced chloroquine efficacy is accumulating in many P. vivax endemic areas.*"*?
The mutant alleles of the P vivax multidrug resistance 1 (pvmdrl) and P. vivax putative transporter
protein (pvcrt-o), which are orthologous to P falciparum multidrug resistance 1 (pfindrl) and P,
falciparum chloroquine resistant transporter (pfcrf) genes, respectively, have been identified as
associated with chloroquine resistances in P vivax in Southeast Asia both in vivo and in vitro.>> In
South Korea, chemoprophylaxis with chloroquine was initiated among military personnel in 1997,
with the cumulative number reaching more than 1.4 million by the end of 2007.2° Therefore, there is
growing concern that mass chemoprophylaxis with poor compliance could have increase the
possibility of chloroquine-resistant P vivax strain emerging. Two cases of chloroquine-resistance P,
vivax were reported in patients in Korea?” and the F1076L variant of the pvmdrl gene has been
reported.”

Clinically significant recurrence is known to occur in about less than 5% of vivax malaria patients
in South Korea.”"*” Recurrences of P. vivax parasites in peripheral blood may derive from different
sources: from sporozoites of a new infection (re-infection), from sub-patent asexual parasitemia due
to resistance to the treatment (recrudescence) or from hepatic hypnozoites (relapse) (Figure 2).*"
Considering the low prevalence of malaria in Korea and the pharmacokinetics of chloroquine with a
long half-life, most of the recurrences are considered to be relapse due to the activation of the

hypnozoites in the liver.
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The only currently available approved drug for eliminating hypnozoites is primaquine, and the
antimalarial properties of primaquine are known to be dependent on the production of oxidized
metabolites from metabolization by the cytochrome P450 isoenzyme 2D6 (CYP2D6) (Figure 3).*?
CYP2D6 is highly polymorphic and there are more than 46 known major alleles which can be
determined and predict a CYP2D6 phenotype (poor, intermediate, normal and ultrarapid)*® that have
different levels of activity for drug metabolization. Patients with 'poor metabolizer (PM)' or
'intermediate metabolizer (IM)' show an impaired function in CYP2D6 enzyme, so even if an
appropriate dose of primaquine is administered, the active metabolite is not sufficiently produced and

recurrence may occur. 34,39

To identify various factors associated with vivax malaria treatment in South Korea, we identified
host factors related to decrease chloroquine therapeutic efficacy and the prevalence of mutation in
chloroquine resistance genes in the clinical isolated P. vivax from patients. In addition, we analyzed
the CYP2D6 profiles of patients to identify the association between primaquine metabolization and

relapse of malaria.
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Figure 3. Proposed mechanism of primaquine CYP2D6 metabolic activation and liver stage antimalarial activity. Shown is the proposed mechanism of
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hydroxyprimaquine and corresponding quinone-imine species are inherently unstable and will react with water to form the stable 5,6-ortho-quinone.

Adapted from Marcsisin, ef al. Pharmacol Ther 2016;161:1-10



MATERIALS AND METHODS
1. Study sites and population
A. Prospectively registered patients

This study was performed at 9 hospitals (National Health Insurance Service Ilsan Hospital, Inje
University Ilsan Paik Hospital, Dongguk University Ilsan Hospital, Severance Hospital, Catholic
Kwandong University International St. Mary's Hospital, Asan Medical Center, Gimpo Woori Hospital,
Ajou University Medical Center, and Armed Forces Capital Hospital) in and around malaria endemic
areas (Gyeonggi-do Province, Incheon and Seoul), South Korea (Figure 4). We prospectively enrolled
the patients with > 16 years of age in whom P. vivax malaria had been diagnosed and who had been
prescribed chloroquine in combination with primaquine from 2018 to 2020. This study was approved

by the institutional review board of each hospitals.
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B. Retrospectively enrolled recurred patients

Considering the low recurrence rate which is around 5% of vivax malaria patients in Korea, we
have made the effort to collect more blood samples of patients who have recurred vivax malaria.
Malaria, indigenous or imported, is a mandatory notified disease in South Korea and all patients are
reported to Korea Diseases Control and Prevention Agency (KDCA) with infectious disease reporting
systems. In addition, blood samples of most malaria patients are sent to KDCA for confirmation of
malaria and further analysis. The DNA from the blood samples of the 38 patients who have recurred

malaria between 2015 and 2018 were provided by the KDCA and included in the analysis.

2. Clinical characteristics and parameters
A. Baseline demographics

We collected patient's age, sex, and body weight for baseline characteristics. Since very low
prevalence of Glucose-6-phosphate dehydrogenase (G6PD) deficiency in Koreans,*® G6PD

deficiency test was not performed.
B. Diagnosis for P vivax malaria

P vivax malaria was diagnosed by peripheral blood smears (thick and thin smears stained by
Giemsa) and/or polymerase chain reaction (PCR). Parasite density was determined by Giemsa-stained

blood slides at a magnification of 1000x using WHO-recommended methods.*”

C. Chloroquine and primaquine dosage

Patients were treated with chloroquine for three days as soon as were diagnosed. Primaquine was
administered from the next day after three days of chloroquine treatment and usually for 14 days. The
dosages of drugs administered to each patient was determined at the physician's discretion. We
checked both the total dosage and the dose per patient's body weight administered during the

treatment period.
D. Clearance of parasitemia

We estimated patients’ initial parasitemia at the time of diagnosis and parasite counts were
measured every day in the case of hospitalized patients until the parasitemia became undetectable. In

patients who had undergone outpatient treatment, parasitemia was measured every day of visit. The

11



results were reported as negative only after at least 200 fields of the thin film had been examined
without encountering a parasite. PCT was calculated, defined as the time in hours from chloroquine
administration until the first blood smear negative for parasites after which the patient’s follow-up

smears were also negative.
E. Fever clearance time (FCT)

FCT was defined as the time in hours from chloroquine administration until the patient’s body
temperature decreased to < 37.5°C for 48 consecutive hours.” We checked for fever every 4-6 hours

or whenever the patient felt febrile.
F. Recurrence of vivax malaria

We identified recurrence patients based on the medical records of each medical institution and the
data reported by KCDA. Recurrent vivax malaria was defined as having reported two or more attacks

of P, vivax malaria within two years.

3. Molecular analysis
A. Identification of pvmdri and pvcrt-o polymorphism

Parasite genomic DNA was extracted from the whole-blood samples collected from prospectively
enrolled patients using a commercially available QIAamp DNA blood kit (Qiagen, Valencia, CA),
according to the manufacturer’s instructions. The pvmdrl and pvcrt-o genes were amplified by nested

or semi-nested PCR performed with the minor modifications of the previous description®

using gene-
specific primers (Table 2 and 3). The PCR of pvmdrl and pvcrt-o genes was performed in the
following reaction mixture: 2 pl of 10x buffer II, 2.5 mM MgCl, 0.4 mM of each ANTP, 0.25 uM of
each primer and 1 U TaKaRa LA Taq DNA polymerase (TaKaRa BIO, Otsu, Shiga, Japan), and 1 pl
of genomic DNA. The primary reaction of the pvmdrl gene was performed under the following
conditions: initial denaturation at 94 -C for 10 min, followed by 35 cycles of 94 -C for 30 s, 61 °C for
30 s, and 72 °C for 4min, and a final extension period at 72 °C for 10 min. The second reaction of the
pvmdrl gene was performed under the following conditions: initial denaturation at 94 -C for 10 min,
followed by 35 cycles of 94 C for 40 s, 58 - 62 °C for 30 - 60 s, and 72 °C for 50—60 s, and a final
extension period at 72 °C for 10 min. And the second reaction was conducted in the following reaction
mixture: 2 pl of 10x buffer, 2.5 mM MgCl,, 0.2 mM of each dNTP, 0.25 uM of each primer, 0.5 U
AmpliTaq Gold DNA polymerase (Applied Biosystems, Branchburg, NJ) and 1 pl of amplicon. The
12



primary reaction of the pvert-o gene was performed under the following conditions: initial
denaturation at 94 °C for 10 min, followed by 30 cycles of 94 -C for 30 s, 58 °C for 30 s, and 72 C
for 3.5 min, and a final extension period at 72 °C for 10 min. The second reaction cycling conditions
for pvcrt-o were as follows: initial denaturation at 94 »C for 10 min, followed by 35 cycles of 94 -C
for 30 s, 59 oC for 1 min, and 72 C for Imin, and a final extension period at 72 C for 10 min. The
second PCR to amplify these fragments was conducted the same as pvmdrl. The second PCR
products of pvmdrl and pvcrt-o genes were sequenced directly to identify the single nucleotide
polymorphism (SNP). Amino acid sequences were compared with sequences of Sal I (Salvador I):
GenBank accession nos. AY571984 for pvmdrI*® and AF314649 for pvert-0.*” The deduced amino
acid sequences were aligned and analyzed using Lasergene software (DNASTAR, Madison, WI).
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Table 2. List of PCR primers designed for amplification of pvmdrl genes

Genes

Primers

Product size

pvmdrl,

primary reaction
pvmdrl,

secondary reaction 1
pvmdrl,

secondary reaction 2
pvmdrl,

secondary reaction 3

F: 5-TTGAACAAGAAGGGGACGTT-3'

R: 5'-CTTATATACGCCGTCCTGCAC-3'

F: 5'-CAGCCTGAAAGATTTAGAAGCCTT-3'
R: 5'-CATCCACGTCCACAGTGGAAC-3’

F: 5'-GGATAGTCATGCCCCAGGATTG-3’

R: 5'-CATCAACTTCCCGGCGTAGC-3’

F: 5'-GATGAGCCTGCTGATGCGATTCTAC-3’
R: 5'-ATATACGCCGTCCTGCACCGAG-3’

4290bp
(82-4371 nt)

539bp

(1455-1993 nt)
604bp

(2751-3354 nt)

745bp
(3624-4368 nt)

Reference sequence: AY571984

Table 3. List of PCR primers designed for amplification of pvcrt-o genes

Genes

Primers

Product size

pvcrt-o,

primary reaction
pvcrt-o,

secondary reaction 1
pvcrt-o,

secondary reaction 2
pvcrt-o,

secondary reaction 3

F: 5'-ATCCCGTCATCCGCCTCA-3’
R: 5-CGCACAGCGTAATCAAAGG-3’

F: 5"-ATCCCGTCATCCGCCTCACT-3’
R: 5-AGTTTCCCTCTACACCCG-3’
F: 5-GATTGCCTCGCTGATTGTA-3’
R: 5-AATCGTCGCACATCTTGGA-3’

F: 5'-CATAGCCATCGCCTACTACTTT-3’
R: 5-CGCACAGCGTAATCAAAGG-3’

3780bp
(158-3937 nt)

1137bp
(158-1294 nt)

836bp
(1548-2383 nt)

757bp
(3181-3937 nt)

Reference sequence: AF314649
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B. CYP2D6 genotype

CYP2D6 genotyping analysis was commissioned to SPMED Co.,Ltd., Busan, South Korea. Patient
DNA was isolated and purified from blood samples using SPMED™ Genotyping Kit: CYP2D6 (in
vitro license No. 20-297, SPMED Co.,Ltd., Busan, South Korea) according to the manufacturer's
instructions and CYP2D6 *2, *3, *4, *5 (deletion), *6, *9, *10, *14, *17, *18, *21, *29, *41, *49,
*52, *60, *XN (duplicate) were analyzed. CYP2D6 metabolizer status was inferred from the
genotypes using the activity score (AS). An AS of 0.0 indicates a poor metabolizer (PM), an AS of
0.25 to 1.0 indicates an intermediate metabolizer (IM), an AS of 1.25 to 2.25 indicates a normal

metabolizer (NM), and an AS of > 2.25 indicates an ultrarapid metabolizer (UM) (Figure 5)."

15



IM

Translation of AS
into phenotype decreased
rou
groups function

Activity Score (AS)

po.75 1 1.25 i

ontinuum of CYP2D6 activity due to genetic

ropcses [N ORI 1200 [730 1] 40 | s0 80 | oo [400] [§6Y (150 {200

% activity (Percent
Activity System)

&

Figure 5. Comparison of the Clinical Pharmacogenetics Implementation Consortium method and percentage activity method for translating CYP2D6
genotype to phenotype. Thin lines represent different ways to translate activity score (AS) into phenotype and the bold lines represent the recommended
CYP2D6 genotype to phenotype translation consensus system. IM, intermediate metabolizer; NM, normal metabolizer; PM, poor metabolizer; UM,

ultrarapid metabolizer. Adapted from KE Caudle, et a/. Clin Transl Sci 2020;13(1) 116-124
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4. Statistical analysis

Descriptive statistics were expressed as means, medians, or proportions. Statistical comparison was
performed using the y-square test and Mann-Whitney test, and multiple logistic regression analysis
were conducted to determine the relevance of clinical variables. All tests of significance were two-
tailed, and differences were considered statistically significant at p < 0.05. All statistical analyses were

performed using SPSS Statistics 23 (IBM, https://www.ibm.com).
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RESULTS
1. Patients characteristics

A total of 102 patients were enrolled prospectively during the study period, including one patient
with four times of malaria attack. All of them were diagnosed as indigenous vivax malaria in Korea
due to lack of recent overseas travel history. The mean age of the patients were 43.4 years old and the
76% of patients were male. The mean body weight of the patients were 73.5 kg. Each medical center
enrolled one to twenty one patients. Additionally, the KCDA provided blood samples of 38 suspected

recurred patients (Figure 6).
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Prospectively registered patients (n = 102)

Analyzed for
pvmdrl and pvcrt-o polymorphisms

Patients who confirmed the
CYP2D6 profile (n = 101)

Retrospectively enrolled relapsed patients
provided by the KDCA (n = 38)

Patients who confirmed the
parasitemia clearance time (n = 84)

Analyzed for clinical factors

associated with prolonged parasitemia

Analyzed for association of
relapse of vivax malaria with CYP2D6 profiles

Figure 6. Schematic flow chart of patient distribution in this study
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2. Clinical factors associated with prolonged parasitemia

Among the 102 patients, 84 patients have been measured parasite counts every day until the
parasitemia became undetectable. Considering the usual treatment response of P. vivax to chloroquine,
prolonged parasitemia - parasitemia presence at 72 hours after chloroquine treatment - could be
considered as the reduced sensitivity to chloroquine. To identify the risk factors for prolonged
parasitemia, clinical characteristics were compared between the two groups with and without P. vivax

parasitemia at 72 hours after first dose of chloroquine.

Among the 84 patients, 55 (65.5%) showed parasitemia on blood smear at 72 hours after first dose
of chloroquine administration. There were significant differences in the proportion of female,
primaquine daily dose per body weight and FCT between the two groups with or without prolonged
parasitemia (Table 4). To compensate for the bias due to the small portion of female in entire patients,
we analyzed clinical factors again according to sex. Of a total of 63 male patients, 36 (57.1%) showed
parasitemia at 72 hours after first dose of chloroquine administration. Chloroquine total dose per body
weight, the percentage of administration of less than 25 mg/kg of, and FCT were additionally
identified as statistically significant different factors in male (Table 5), not in female (data not

presented).
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Table 4. Demographic and clinical characteristics of patients with P. vivax according to parasitemia at 72 hours after first dose of chloroquine

Parasitemia < =72 hours

Parasitemia > 72 hours

Variable p value
(n=29) (n=55)

Age, mean years = SD 445+ 183 44.0+17.0 0.91
Male sex (%) 27 (93.1) 36 (65.5) 0.01
Body weight, kg + SD 73.9+10.8 73.7+£13.4 0.88
Initial parasitemia, /pL = SD 2559.2+4355.2 6455.5 + 8208.1 0.15

<2,000/uL 8 8

2,000 - 20,000 /puLL 3 17

> 20,000 /puL 0 1
Chloroquine total dose, mean mg/kg + SD 23.6+2.9 22.6+3.4 0.19
Chloroquine dose < 25 mg/kg (%) 17 (58.6) 40 (72.7) 0.19
Primaquine daily dose, mg/kg + SD 0.33 £0.08 0.29 +0.08 0.03
Fever clearance time (FCT), hours + SD 28.9+243 56.3 £33.1 0.04
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Table 5. Demographic and clinical characteristics of male patients with P. vivax according to parasitemia at 72 hours after first dose of chloroquine

Parasitemia < =72 hours

Parasitemia > 72 hours

Variable p value
(n=27) (n=36)

Age, mean years = SD 439+ 18.7 422+15.1 0.68
Body weight, kg + SD 74.9 £10.5 79.2£11.3 0.13
Initial parasitemia, /pL = SD 1335.5+1665.3 4870.5 +4057.4

<2,000/uL 8 6

2,000 - 20,000 /puLL 2 8

> 20,000 /uL 0 0
Chloroquine total dose, mean mg/kg + SD 23.5+3.0 21.7+3.2 0.03
Chloroquine dose < 25 mg/kg (%) 16 (59.3) 30 (83.3) 0.046
Primaquine daily dose, mg/kg + SD 0.34 +0.08 0.30+0.09 0.047
Fever clearance time (FCT), hours + SD 74.9 £10.5 792 £11.3 0.03
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Univariable and multivariable logistic regression analysis were conducted to determine the
independent associated factors with prolonged parasitemia. By univariable analysis, sex were
statistically independent factor associated with prolonged parasitemia. By multivariable analysis,
however, no clinical characteristics remained significantly associated with prolonged parasitemia

(Table 6).
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Table 6. Univariable and multivariable logistic regression analysis for prolonged parasitemia of vivax malaria

Univariable analysis

Multivariable analysis

Variable
OR 95% CI p value OR 95% CI p value
Age 0.99 0.97-1.03 0.91 0.99 0.94 - 1.04 0.73
Male sex 0.14 0.03 - 0.66 0.01 0.16 0.02 - 1.67 0.13
Initial parasitemia, /pL = SD 1.00 1.00 - 1.00 0.12 1.00 1.00 - 1.00 0.19
Chloroquine total dose, mean mg/kg 0.91 0.78 - 1.05 0.19 0.57 0.27-1.16 0.12
Chloroquine dose < 25 mg/kg (%) 1.88 0.73 - 4.86 0.19 6.57 0.57 -75.23 0.13
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3. Pvmdrl and pvcrt-o polymorphisms in relation to chloroquine sensitivity

The prevalence of mutations in pvmdrl and pvcrt-o genes of P. vivax were analyzed with extracted
genomic DNA from the blood samples of prospectively collected 102 patients. The SNPs of the
pvmdrl gene was the same in all clinical specimens, and the K10 insertion status of the pvcrt-o gene
was also the same in all clinical specimens. Therefore, these SNPs could not explain in the difference

of the clinical characteristics and duration of parasitemia (Table 7).
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Table 7. Pvmdrl and pcrt-o polymorphism frequency

pvmdrl allele pvcrt-0
Frequency (%)
Y976F F1076L K10 insertion

Y F - 0/102 (0.0)
Y F K 0/102 (0.0)
Y L K 0/102 (0.0)
Y L - 102/102 (100.0)
F L - 0/102 (0.0)
F L K 0/102 (0.0)
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4. Association with recurrence of vivax malaria with impaired CYP2D6 genotype and

phenotype

Among the 102 prospectively enrolled patients, CYP2D6 genotype analysis were possible in 101
patients. Among these 101 patients, 10 patients were identified as recurred patients. CYP2D6
genotyping was performed additionally with already stored 38 DNA samples from the recurred
patients, provided by the KDCA.

A total of 16 CYP2D6 alleles were observed among the 139 samples examined. Table 8§ summarizes
the CYP2D6 genetic profiles, activity score and phenotypes for the 38 samples provided by KDCA.
Table 9 summarizes the CYP2D6 genetic profiles, activity score, phenotypes and recurrence in
prospectively collected 101 patients treated for P vivax. For the 139 patients included in this analysis,
the most common genotype was *10B/*10B which was identified in 36 samples, and no patient had
PM phenotype. Sixty five, seventy three and one patient were identified to have IM, NM and UM
phenotypes respectively. In line with the previous studies, CYP2D6 phenotypes were classified and
analyzed with two categories: PM and IM vs NM and UM. And genotype determined activity scores
were classified and analyzed with two group, under 1.5 (< 1.5) and more than 1.5 (> 1.5) activity

SCore.
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Table 8. Cytochrome P450 2D6 genetic profiles, activity score and phenotypes in retrospectively

collected 38 patients with recurred P. vivax malaria

Activity Activity
Years  Genotype Phenotype | Years  Genotype Phenotype
score score
2015 *2/*41 1.5 NM 2017 *2/*10B 1.25 NM
2015 *10B /*21B 0.25 M 2017  *10B/*10B 0.5 M
2015 *1/*10B 1.25 NM 2017 *2/*10B 1.25 NM
2015 *10B/*10B 0.5 M 2017  *10B/*10B 0.5 M
2015 *1/*1 2 NM 2017 *1/*10B 1.25 NM
2015 *2/*10B 1.25 NM 2017  *10B/*10B 0.5 M
2015 *1/*10B 1.25 NM 2017  *10B/*10B 0.5 M
2016 *1/%5 1 M 2017 *10B/*41 0.75 M
2016 *1/*5 1 M 2017 *2/*10B 1.25 NM
2016 *1/*1 2 NM 2018 *10B/*52 0.5 M
2016 *5/*41 0.5 M 2018 *1/*10B 1.25 NM
2016 *5/*10B 0.25 M 2018  *10B/*10B 0.5 M
2016 *5/*10B 0.25 M 2018 *2/*10B 1.25 NM
2016 *1/*10B 1.25 NM 2018  *10B/*10B 0.5 M
2016 *1/*5 1 M 2018 *1/%2 2 NM
2016  *10B/*10B 0.5 M 2018 *1/*10B 1.25 NM
2016 *1/*5 1 M 2018 *4/*10B 0.25 M
2016  *10B/*10B 0.5 M 2018 *1/*5 1 M
2016 *1/*10B 1.25 NM 2018  *10B/*10B 0.5 M
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Table 9. Cytochrome P450 2D6 genetic profiles, activity score, phenotypes and recur in prospectively

collected 101 patients treated for P, vivax

Activit Activit

Years  Genotype scorey Phenotype  Recur | Years Genotype scorey Phenotype  Recur
2018 *5/%10B 0.25 ™M No 2019 *1/*1 2 NM No
2018  *10B/*10B 0.5 ™M No 2019 *1/%2 2 NM No
2018 *1/%10B 1.25 NM No 2019 *1/*1 2 NM No
2018  *10B/*10B 0.5 ™M No 2019  *10B/*10B 0.5 ™M No
2018 *1/%10B 1.25 NM No 2019 *1/%10B 1.25 NM Yes
2018 *10B/*49 0.75 ™M No 2019 *IXN/*5 2 NM No
2018  *10B/*10B 0.5 ™M No 2019  *10B/*10B 0.5 ™M Yes
2018  *10B/*10B 0.5 ™M No 2019 *2/*41 1.5 NM No
2018 *5/%10B 0.25 ™M No 2019 *1/%10B 1.25 NM No
2018 *1/*1 2 NM No 2019 *1/%2 2 NM No
2018 *2/%10B 1.25 NM No 2019 *1/%10B 1.25 NM No
2018  *10B/*10B 0.5 ™M No 2019 *1/%10B 1.25 NM No
2018 *5/%10B 0.25 ™M Yes 2019 *1/%10B 1.25 NM No
2018 *1/%10B 1.25 NM No 2019 *1/%21B 1 ™M No
2018 *1/%10B 1.25 NM No 2019 *1/%10B 1.25 NM No
2018 *5/%10B 0.25 ™M No 2019  *10B/*10B 0.5 ™M No
2018 *1/%10B 1.25 NM No 2019 *1/%10B 1.25 NM No
2018 *1/*%41 1.5 NM No 2019 *1/%5 1 ™M No
2018 *1/%2 2 NM Yes 2019 *1/%10B 1.25 NM No
2018  *10B/*10B 0.5 ™M No 2019 *2/*10B 1.25 NM No
2018 *2/*41 1.5 NM No 2019  *10B/*10B 0.5 ™M No
2018  *10B/*10B 0.5 ™M No 2019 *2/%5 1 ™M No
2018 *5/%14B 0.5 ™M No 2019 *1/%10B 1.25 NM No
2018 *1/%10B 1.25 NM No 2019  *10B/*10B 0.5 ™M Yes
2018 *2/*14B 1.5 NM Yes 2019 *1/%2 2 NM No
2018 *1/%2 2 NM No 2019 *1/*1 2 NM No
2018  *10B/*10B 0.5 ™M No 2019 *1/*1 2 NM No
2018 *1/%10B 1.25 NM No 2019 *1/%10B 1.25 NM No
2018 *4/%10B 0.25 ™M Yes 2019 *5/%10B 0.25 ™M No
2018  *10B/*10B 0.5 ™M No 2019 *1/%10B 1.25 NM No
2018  *10B/*10B 0.5 ™M No 2019  *10B/*10B 0.5 ™M No
2018  *10B/*10B 0.5 ™M No 2019 *2/*10B 1.25 NM No
2018 *1/%10B 1.25 NM No 2019 *1/*1 2 NM No
2018  *10B/*10B 0.5 ™M No 2019  *10B/*10B 0.5 M No
2018 *1/*2 2 NM No 2020  *10B/*10B 0.5 ™M No
2018 *1/%10B 1.25 NM No 2020  *10B/*10B 0.5 ™M No
2018 *1/%10B 1.25 NM No 2020 *1/*1 2 NM No
2018 *2/%5 1 ™M No 2020 *1/%10B 1.25 NM No
2018 *2/*10B 1.25 NM No 2020 *10B/*41 0.75 ™M No
2018 *10B/*52 0.5 ™M Yes 2020  *10B/*10B 0.5 ™M No
2018 *1/¥1 2 NM No 2020 *5/%10B 0.25 ™M No
2018 *1/%10B 1.25 NM No 2020 *2/*10B 1.25 NM No
2018 *1/*14B 1.5 NM No 2020 *2/*%2 2 NM No
2018 *1/*%41 1.5 NM No 2020 *1/*1 2 NM No
2018  *10B/*10B 0.5 ™M No 2020  *10B/*10B 0.5 ™M Yes
2018  *10B/*10B 0.5 ™M No 2020 *1/%10B 1.25 NM No
2018 *1/%2 2 NM No 2020 *1/%2XN 3 UM No
2018 *5/%10B 0.25 ™M No 2020 *1/%2 2 NM No
2018 *1/%10B 1.25 NM No 2020 *1/%21B 1 ™M No
2019  *10B/*10B 0.5 ™M Yes 2020 *1/*%41 1.5 NM No
2019 *1/*10B 1.25 NM No

IM, intermediate metabolizer; NM, normal metabolizer; PM, poor metabolizer; UM, ultrarapid
metabolizer.

29



Clinical characteristics were compared between 92 patients with single attack and 10 patients with
multiple attacks, who were considered to have recurred vivax malaria. Furthermore, the CYP2D6
genotypes were compared the 91 non-recurred patients and the 48 recurred patients. When clinical
characteristics were compared between the non-recurred and recurred groups with prospectively
collected patients, only FCT had significant difference between two groups (Table 9). When CYP2D6
phenotypes were compared between the non-recurred and recurred groups combined with
prospectively collected and retrospectively enrolled patients, the recurrences were more common in
the IM phenotype compared to NM or UM phenotype, odds ratio (OR) = 2.33 (95% CI; 1.14 - 4.77, p
= 0.02). Furthermore, the recurrences were more common in the lower activity score group (< 1.5)
when compared to the higher activity score groups (> 1.5), OR = 2.65 (95% CI; 1.004 - 7.00, p =
0.04) (Table 10).
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Table 10. Demographic and clinical characteristics of prospectively collected 102 patients according to recurrences of P. vivax malaria

No- recurred patients

Recurred patients

Variable p value
(n=92) (n=10)

Age, mean years = SD 43.1+17.5 46.0+12.1 0.55
Male sex (%) 72 (78.3) 4 (50.0) 0.09
Body weight, kg + SD 73.4+£12.3 73.8£16.1 0.97
Initial parasitemia, /pL = SD 5499.6 + 7403.1 1794.7 + 1383.6 0.51

<2000/uL 17 2

2,000 - 20,000 /puLL 21 1

> 20,000 /puL 1 0
Chloroquine total dose, mean mg/kg + SD 23.1+3.2 22.5+3.9 0.74
Chloroquine dose < 25 mg/kg (%) 62 (68.1) 5(62.5) 0.71
Primaquine daily dose, mg/kg + SD 0.3+0.1 0.3+0.1 0.41
Persistent parasitemia (> 72 hours) (%) 50 (65.8) 5(62.5) 0.99
Fever clearance time, hours £ SD 40.3 £28.5 94.5+27.6 0.04
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Table 11. Unadjusted odds ratio for recurred P. vivax malaria associated with cytochrome P450 2D6 genotype and activity score

No-recurred patients Recurred patients
Variable Odds ratio (95% CI) P value
(n=91) (n=48)
Phenotype
Poor or intermediated metabolizer 36 29
2.33 (1.14-4.77) 0.02
Normal or ultrarapid metabolizer 55 19
Genotype-determined activity score
<15 66 42
2.65 (1.004 —7.00) 0.04
>1.5 25 6
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DISCUSSION

Although the mortality of vivax malaria is lower than that of falciparum malaria, P. vivax continues
to inflict a huge burden on public health and greatly affecting the quality of life for many people in
tropical, subtropical, and temperate countries. With efforts such as increases in access to health-care
services, rapid diagnosis and treatment with highly effective antimalarial drug regimens, most
countries in Southeast Asia are making steady progress in reducing the burden of malaria. In South
Korea, however, the endemicity of vivax malaria is becoming a growing concern after 1993’s
reemergence despite the ongoing national eradication program.'? Therefore, the aim of this study was
to determine the clinical and microbial information of patients to identify various factors associated

with vivax malaria treatment to expedite the appropriate treatment strategy.

PCT is a parameter not affected by relapse or re-infection, and can suggest evidence of reduced
chloroquine efficacy and the development of chloroquine resistance. Therefore we evaluated the risk
factors associated with prolonged parasitemia and further the chloroquine resistant gene profiles of P
vivax isolates. When comparing the two groups with or without prolonged parasitemia, the female sex
was significantly associated with the prolonged parasitemia in univariable logistic regression analysis,
however, not in multivariable analysis. There was a significant difference in primaquine daily dose per
body weight between the two groups in both the entire patients and the male patients. Primaquine has
activity against both blood and liver stages, including against chloroquine-resistant strains.*>* One
study identified concurrent use of chloroquine and primaquine could result in a synergistic effect
against asexual forms of P vivax, as has been shown for P falciparum parasites.*¥ In this study,
whereas, primaquine was administered from the next day after three days of chloroquine treatment.
Patients with clearance of parasitemia within 72 hours were not exposed to primaquine. The
difference in PCT cannot be explained by the difference in primaquine daily dose per body weight.
Therefore we excluded the primaquine daily dose from the logistic regression analysis. Nevertheless,
in following studies on the efficacy of chloroquine, the likelihood that such possible synergism results
in the underestimating of resistance for chloroquine of P vivax should be considered. High initial
parasitemia before treatment is a major determinant of therapeutic efficacy, and itself may indicate
resistance to chloroquine.*” However, in this study, there was no statistical significant difference
between two groups and association with prolonged parasitemia. The main reason is maybe due to
that initial parasitemia was measured in only about half of enrolled patients (37 among 84 patients).
Moreover, since the hemoglobin level was not calculated together, the possibility that the parasite

count was not checked correctly cannot be ruled out.

33



The cure of blood-stage P. vivax with chloroquine depends on the exposure of parasites to adequate
blood concentrations.*® Increasing rates of overweight and obesity may promote a significant impact
on drug exposure'” and suboptimal doses of chloroquine can prolong the parasite clearance and
increase the rate of early recurrence and with emergence of drug resistance. Recent pooled meta-
analysis study*® identified that one third of study patients with vivax malaria received less than the
WHO recommended target dose of chloroquine of 25 mg/kg and increasing the total mg/kg
chloroquine dose reduced early recurrences. In particular, even in regions with long relapse periodicity,
such as in Korea,*” 5 mg/kg increase in chloroquine dose reduced the recurrence rate between day 7
and day 42.* Previous study in Korea also showed that chloroquine is mostly under-dosed in the
treatment of vivax malaria,'” and 57 out of 84 patients (67.8%) received a lower dose of chloroquine
than the dosing recommended by WHO in this study. When analyzed only male patients to avoid bias
due to the small portion of female and the difference of drug metabolism between sex, chloroquine
total dose per body weight and the percentage of administration of less than 25 mg/kg of chloroquine
were significantly different between the two groups. Univariable and multivariable logistic regression
analysis did not show a significant association between chloroquine dose and prolonged parasitemia,
however, the risk of prolonged parasitemia tended to decrease as the chloroquine total dose per body
weight increased (hazard ration 0.57, 95% CI; 0.27 - 1.16; p = 0.12). This results might be affected
with other patient-related confounding factors such as drug absorption, metabolism, excretion, or fat
distribution which affect the plasma concentrations of the drug and its major metabolite. Moreover,
the prolonged half-life of chloroquine could make the lack of a significant association between the
administered dose and the concentrations of chloroquine metabolite. Nevertheless, these results
suggest a probable influence of chloroquine dose per body weight on PCT so that clinicians should
consider following weight-based treatment guidelines for chloroquine. The reason that some malaria
treatment guidelines limit the maximum dose of chloroquine per day is thought to be probably
because the possibility of retinopathy, an important side effect, increases as the dose of chloroquine
increases. It is known that the risk of retinopathy caused by chloroquine is most accurately assessed
on the basis of daily dose per body weight, chloroquine > 2.3 mg/kg (hydroxychloroquine > 5.0
mg/kg), with duration more than 5 years without other risk factors.® Therefore, it is considered that
the possibility of retinopathy is unlikely in the case of short-term administration such as malaria
treatment. No cases of retinopathy that occurred after malaria treatment were found in the review of

literatures.

Increasing chloroquine resistance enables parasite growth in high drug concentrations, which slows
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parasite clearance. A previous meta-analysis showed clearance of parasitemia assessed by microscopy
in day 3 was 100% predictive of chloroquine sensitivity.”? Chloroquine resistance of P. vivax has been
first reported in Papua New Guinea in 1989,°" and sporadic cases have been observed in other Asian
countries subsequently as well.?? The mechanism of chloroquine resistance is probably similar in both
P vivax and P. falciparum, however, the molecular mechanisms in P, vivax are less studied and there
is still a lack of a confirmed marker for chloroquine resistance unlike the P. falciparum. Therefore,
preliminary studies on chloroquine resistance in P. vivax have focused on the orthologues of the genes
pfert and pfindrl, known to be genetic determinants in P, falciparum resistance.*” In recent studies in
South Korea, chloroquine resistance genes have been reported””*® although a clinically significant
level of chloroquine resistant malaria has not yet been identified. Therefore, we performed DNA
sequencing of P. vivax isolates collected from enrolled patients to determine any mutations or SNPs in

the chloroquine-resistant molecular markers.

The substitution YO76F in pvmdrl gene has been associated with a decreased chloroquine sensitivity
in several studies in Southeast Asia, especially in Thailand, Myanmar, and Indonesia.”™ One study
identified that P. vivax isolates with Y976F mutation showed significantly increased the half maximal
inhibitory concentration (ICso) values for chloroquine in vitro, although the cut-off ICso value for
chloroquine resistance is uncertain.’® In other studies form Madagascar54), Brazil® and Honduras>®,
however, Y976F mutation alone was not sufficient to cause the failure of chloroquine treatment and
can only affect treatment outcome when associated with the F1076L mutation. The abundance of
pvimdrl F1076L in isolates from Mangaluru has been considered an indication of emerging
chloroquine resistance,”” *® but isolates with only F1076L mutations were not associated with a
chloroquine resistance in other study.”> These observation may supports that chloroquine resistance of
P vivax requires the presence of both mutations. In this study, the pvmdrl analysis showed that
mutations at amino acid position Y976F were not found but mutation at position F1076L was
identified in all isolates. These results may suggest that endemicity of F1076L mutation indicate the
progress stage for chloroquine resistance P. vivax in Korea. The insertion of lysine (K) in the first
exon (K10) in pvcrt-o gene was also identified as a possible marker for P vivax resistance to
chloroquine.””- > Several studies have found a negative association between K10 insertion and
reduced chloroquine ICso, while others have shown that pvcrt-o expression decreased susceptibility to
chloroquine by 2.2 fold.”* *” The overall frequency of K10 insertion in isolated from this study
isolates was 0%. Although K10 insertion in pvcrt-o gene is not detected, this needs to be monitored

continuously under regular drug resistance epidemiological surveillance. In conclusion, the coidentity
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of SNPs in the chloroquine-resistant gene in all of isolates shows that it is difficult to explain the

difference in PCT due to SNPs in Korea.

Prospective studies are needed to more accurately assess whether PCT has increased, and the
definitive diagnosis of chloroquine resistance requires documentation of adequate drug exposure, to
confirm the growth of parasites in concentrations of drug above the minimal inhibitory concentration

(MIC)*" with pharmacologic research such as serum drug levels and an ex vivo drug assay.

Recurrent vivax malaria is a great obstacle to human and economic development in affected
population, and there are studies showing that recurrent patients could become difficult to treat and
sometimes critically ill.°” Recurrence of vivax malaria could have resulted from recrudescence,
relapse, or re-infection. Considering the low prevalence of malaria in Korea, we have assumed that re-
infection contributed very little to recurrence. In addition, previous studies have identified that the
delayed elimination of chloroquine allows sufficient blood concentrations that prevent recurrence of
chloroquine-sensitive P. vivax for about 35 days.”” Hence, no recurrent parasitemia should be noted
within 28 days of treatment in patients taking a complete treatment course with adequate
absorption.”” Failures beyond 28 days are indicative of the failure of primaquine to kill the
hypnozoites or re-infection. No patients has been identified to recur within 28 days from the start of
chloroquine by the national infectious diseases reporting systems in South Korea, and even
community health centers usually confirms the clearance of parasitemia after 28 days of diagnosis.
Thus we have presumed that the recrudescence has little impact on malaria recurrence, and most of

the recurrences have been assumed to be relapse in Korea.

The use of primaquine to prevent relapse of P vivax may support malaria elimination activities, so
optimizing primaquine dosing regimen and pharmacodynamical properties are important to clearing
hypnozoites. The factor most strongly associated with relapse in primaquine therapy is the total
amount of primaquine administered to the patient.” Traditionally, the recommended dose of
primaquine has been 15 mg/day for 2 weeks. However, it is recommended to increase the daily dose
of primaquine to 30 mg/day for vivax malaria which is prevalent in tropical regions®® and the latest
WHO guideline recommend as 0.25 - 0.5 mg per kg of body weight to prevent relapse.” In previous
study in Korea, vivax malaria is known to have a relapse rate of about 1% when primaquine was
administrated for 14 days with 15 mg/day. As the overall body weight of patients increased recently,
relapse occasionally occurred when primaquine was administered at the above dose, and KCDA
recommends that 0.25 mg per kg of body weight be administered orally once a day for 14 days.* In

this study, the average primaquine dose of patients was 0.31 = 0.09 mg/kg and the recommended
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dosage were sufficiently administered. When clinical characteristics were compared between the non-
recurred and recurred groups, there was no difference between the two groups for primaquine daily

dose.

CYP2D6 is an enzyme involved in the metabolism of 20 - 25% of the commonly used drugs such as

64, 65
). and

codeine, selective serotonin reuptake inhibitors (SSRIs), many antihypertensive agents
primaquine.*? Polymorphism in the CYP2D6 gene greatly impact the enzymatic activity of CYP2D6,
thus has been implicated in the formation of active metabolites that are responsible for the
pharmacological effect of primaquine. A previous report showed that primaquine treatment failures
were directly attributable to an intermediate or null phenotype of CYP2D6,%” and other study using a
mouse model demonstrated the dependence of primaquine treatment efficacy on CYP2D6
metabolism.®” Several cases of vivax malaria recurrence in patients with intermediate or poor
metabolizer CYP2D6 genotypes have also been reported.®*’” Other study on CYP2D6 have found
that approximately 50% of Southeast Asians possess the homozygous CYP2D6*10 allele, which is
associated to decreased CYP2D6 function,”” and more than half of the global burden of P vivax
occurs in this region. In the current study, the most common genotype was also *10B/*10B (36 of 139,
25.9%) and almost half of the patients (65 of 139, 46.8%) had an IM phenotype. In the poor or
intermediated metabolizer, recurrence risk was statistically higher than that of normal or ultrarapid
metabolizer (OR = 2.33, p = 0.02), and in case with genotype-determined activity score less than 1.5,
recurrence risk was statistically higher than in case with 1.5 or higher (OR = 2.65, p = 0.04). These
findings show that primaquine treatment with appropriated dose to achieve radical cure may be
hampered by the low CYP2D6 activity due to low exposure to the active metabolite. Moreover, some
commonly used drugs inhibiting CYP2D6 can render the NM phenotype as a functional PM
phenotype. Routine screening of CYP2D6 activity in patients with vivax malaria is not currently
practical because of the high cost and technical expertise required. However, papulation in the region
with high frequencies of impaired CYP2D6 alleles would likely benefit from increased or prolonged
primaquine treatment as standard of regimen. Further study should be conducted to other possible
non-hypnozoite plasmodial sources of recurrence, such as erythrocytic parasites in bone marrow,

spleen and the skin.””

A number of limitations should be accounted for when interpreting our findings. First, the number of
enrolled patients in this study is limited. Thus our study population would not represent the actual
situation in South Korea. Second, administration of chloroquine and primaquine were not directly

observed and the drug compliance could not be confirmed. Third, the proportion of patients who
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confirmed that the parasitemia clearance in blood smear until discharge was low. In other words,
patients who were discharged from the hospital while parasitemia did not disappear until the time of
discharge, or those who were not hospitalized with mild diseases, did not perform a peripheral blood
smear until they visited the outpatient clinic, so an accurate PCT could not be calculated. In addition,
a significant number of patients with parasitemia over 72 hours had to be excluded from the PCT
calculation. Fourth, it is not clear whether the samples received from the KCDA were relapse or re-
infection because most of the patients were still living in the endemic area. Molecular genotyping
methods can discriminate between genetically homologous and heterologous infections. However,
genotyping cannot discriminate between a recrudescence of the blood-stage infection or a relapse with
a homologous strain. Furthermore, as relapses are often heterologous activation of hypnozoites,” ¥
reliable distinction of the causes of recurrent infection within an endemic area is not possible at
present.” 7 Selective whole-genome amplification might be helpful for future characterization of P.
vivax recurrences,’® determination of the origin of which is particularly problematic in endemic
areas.”” Last, KCDA provided blood samples of recurred patients without clinical information of each

patients, so there was a limitation to the analysis of clinical parameters associated with relapse of

vivax malaria.
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CONCLUSION

In this study, we determined that decreased treatment response to chloroquine of vivax malaria in
South Korea would be associated with insufficient dosage of chloroquine, suggesting that it is
important to administer an appropriate dosage of chloroquine based on the patient's body weight in
clinical practice. Genetic polymorphism of the chloroquine resistance gene in P vivax were not
identified in this study, however, enhanced monitoring of decreasing chloroquine efficacy and the
evaluation of detailed molecular mechanisms involved in drug resistance of P vivax malaria is
essential. Moreover, CYP2D6-dependent metabolism of primaquine may be a key determinant of anti-

hypnozoite activity of primaquine that prevent P. vivax malaria relapse.

This study is important that informs what should be considered for malaria treatment strategy in

South Korea, which aims to re-eradication of malaria with the goal of 2024.
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ABSTRACT IN ENGLISH

Background: Vivax malaria is a protozoal infection caused by P. vivax. After re-emergence in 1993,
about 500 - 600 patients have been occurring recently In South Korea. Chloroquine which is the blood
schizonticide and primaquine which eliminate dormant hypnozoites in the liver are the standard
therapeutic agents for vivax malaria. However, recent studies reported that the parasite clearance time
(PCT) is being extended since 2010 in Korea. Moreover, there is growing concern about the emerging
of chloroquine resistance of P. vivax which are repeatedly exposed to chloroquine due to massive
chemoprophylaxis. Primaquine is metabolized by the enzyme cytochrome P450 isoenzyme 2D6
(CYP2D6) to change into an active metabolite having antimalarial properties. Recently, several
studies have reported that the antimalarial properties of primaquine varies depend polymorphic
CYP2D6 activity. In the case of 'poor metabolizer (PM)' or 'intermediate metabolizer (IM)', the
therapeutic effect of the drug may not be significant because of the low level of primaquine
metabolites even if appropriate dosage is administered. In this study, we identified host factors related
to decrease chloroquine therapeutic efficacy and the prevalence of mutation in chloroquine resistance
genes in the clinical isolated P vivax from patients in Korea. In addition, we analyzed the CYP2D6
profiles of patients to identify the association between primaquine metabolization and recurrence of

malaria.

Methods: Vivax malaria patients were enrolled prospectively in 9 hospitals in Gyeonggi-do Province,
Incheon and Seoul. Parasitemia more than 72 hours have been considered as decreased therapeutic
efficacy to chloroquine, and clinical characteristics were compared between the two groups with and
without P, vivax parasitemia at 72 hours after first dose of chloroquine. The prevalence of mutations in
chloroquine resistance genes (pvmdrl and pvcrt-o) in the clinical isolated P vivax from patients were
analyzed. To identify the relationship between CYP2D6 genotype and relapse of vivax malaria, the
DNA from the blood samples of patients who were suspected recurred malaria were provided by the
Korea Diseases Control and Prevention Agency (KDCA). The CYP2D6 genotype and phenotype of
prospectively enrolled patients and recurred patients registered with the KCDA were analyzed and we

compared the difference between recurred patients and non-recurred patients.

Results: A total of 102 patients were enrolled prospectively during the study period, including one
patient with four times of malaria attack. Additionally, the KCDA provided blood samples of 38
suspected recurred patients. The female sex was significantly associated with the prolonged
parasitemia in univariable logistic regression analysis, not in multivariable analysis. When analyzed

male patients by removing the sex factor, chloroquine total dose per body weight and the percentage
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of administration of less than 25 mg/kg of chloroquine were significantly different between the two
groups. Univariable and multivariable logistic regression analysis did not show a significant
association between chloroquine dose and prolonged parasitemia, however, the risk of prolonged
parasitemia tended to decrease as the chloroquine total dose per body weight increased (hazard ration
0.57, 95% CI; 0.27 - 1.16; p = 0.12). The pvmdrl analysis showed that mutations at amino acid
position Y976F were not found but mutation at position F/076L was identified in all isolates. The
overall frequency of K10 insertion in isolated from this study was 0%. When comparing the CYP2D6
phenotype and genotype between the recurred and non-recurred groups, risk of recurrence was
statistically higher in the poor or intermediated metabolizer, than that of normal or ultrarapid
metabolizer (OR = 2.33, p = 0.02). In case with genotype-determined activity score less than 1.5, risk

of recurrence was statistically higher than in case with 1.5 or higher (OR =2.65, p = 0.04).

Conclusion: In this study, we determined that decreased treatment efficacy to chloroquine of vivax
malaria may be associated with insufficient dosage of chloroquine, suggesting that it is important to
administer an appropriate dosage of chloroquine based on the patient's body weight in clinical practice.
Genetic polymorphism of the chloroquine resistance gene in P. vivax were not identified in this study,
however, enhanced monitoring of decreasing chloroquine efficacy and the evaluation of detailed
molecular mechanisms involved in drug resistance of P vivax malaria is essential. Moreover,
CYP2D6-dependent metabolism of primaquine may be a key determinant of anti-hypnozoite activity

of primaquine that prevent P. vivax malaria relapse.

Keywords: P, vivax, malaria, chloroquine, primaquine, drug resistance, CYP2D6
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