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Abstract: Plasmodium vivax exhibits dormant liver-stage parasites, called hypnozoites, which can cause relapse of ma-
laria. The only drug currently used for eliminating hypnozoites is primaquine. The antimalarial properties of primaquine are
dependent on the production of oxidized metabolites by the cytochrome P450 isoenzyme 2D6 (CYP2D6). Reduced pri-
magquine metabolism may be related to P, vivax relapses. We describe a case of 4 episodes of recurrence of vivax malaria
in a patient with decreased CYP2D6 function. The patient was 52-year-old male with body weight of 52 kg. He received
total gastrectomy and splenectomy 7 months before the first episode and was under chemotherapy for the gastric can-
cer. The first episode occurred in March 2019 and each episode had intervals of 34, 41, and 97 days, respectively. At the
first and second episodes, primaquine was administered as 15 mg for 14 days. The primaquine dose was increased with
30 mg for 14 days at the third and fourth episodes. Seven gene sequences of P. vivax were analyzed and revealed totally
identical for all the 4 samples. The CYP2D6 genotype was analyzed and intermediate metabolizer phenotype with de-

creased function was identified.

Key words: P, vivax, recurrence, primaquine, CYP2D6

INTRODUCTION

Vivax malaria caused by Plasmodium vivax is the second most
prevalent disease following P. falciparum and continues to in-
flict a huge burden on public health in many countries. In Ko-
rea, P, vivax is the only etiology of indigenous malaria. Annu-
ally around 500 patients have occurred mostly in northwestern
area including Gyeonggi-do (Province) and the Incheon [1].

Efforts to treat and eradicate P. vivax malaria are complicated

«Received 16 December 2021, revised 8 February 2022, accepted 9 February 2022.
* Corresponding author (nahani99@gmail.com)
© 2022, Korean Society for Parasitology and Tropical Medicine

39

by the liver-stage parasites, called hypnozoites, that do not di-
vide and stay dormant. If not treated properly, this hypnozo-
ites can cause new blood-stage infections weeks to months af-
ter the initial attack and is conventionally considered to be the
source of relapse in P. vivax malaria.

Currently, the only available approved drug for eliminating
hypnozoites in Korea is primaquine, and the antimalarial
properties of primaquine are known to be dependent on the
production of oxidized metabolites by metabolization of the
cytochrome P450 isoenzyme 2D6 (CYP2DG6) [2]. Allelic poly-
morphism in the CYP2D6 gene greatly impact the enzymatic
activity of CYP2D6 which is usually expressed as poor, inter-
mediate, normal, and ultrarapid metabolizer phenotypes [3].
Patients with ‘poor metabolizer (PM)’ or ‘intermediate metab-
olizer (IM)’ show an impaired function in CYP2D6 enzyme,
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so even if an appropriate dose of primaquine is administered,
the active metabolite is not sufficiently produced and recur-
rence may occur [4,5].

Here, we report a case of 4 episodes of recurrence of vivax
malaria and CYP2D6 analysis result.

CASE DESCRIPTION

In March 2019, a 52-year-old man living in Goyang-si,
Gyeonggi-do admitted with fever, myalgia, and chill which
started 3 days ago. He received total gastrectomy with splenec-
tomy August 20th, 2018, for advanced gastric cancer. From
September 2018 until 2 weeks before hospitalization, he re-
ceived a total of 7 cycles of chemotherapy with capecitabine
and oxaliplatin.

On admission, his axillary temperature was 38.7°C, and his
heart rate, blood pressure and respiratory rate were 120 beats
per min, 100/70 mmHg and 20 breaths per min, respectively.
A peripheral blood test revealed normal white blood cells
(WBC) (4.14x10*/mm3; 79.7% neutrophil) and platelet
count (239,000/mm?*), and serum biochemistry showed ele-
vated AST, ALT and LDH (AST, 171 IU/L; ALT, 67 IU/L; LDH,
282 IU/L). Microscopic examination of the Giemsa-stained
blood smear revealed P. vivax parasites (3,146 parasites/pl).
His body weight was 52 kg, and he was treated with chloro-
quine (total 21.7 mg/kg) and primaquine (15 mg for 14 days).
Since very low prevalence of Glucose-6-phosphate dehydroge-
nase (G6PD) deficiency in Koreans [7], G6PD deficiency test
was not performed. Fever was cleared within 4 day and disap-
pearance of the asexual stage parasitemia was confirmed by
Giemsa-stained blood smear 5 days after chloroquine treat-
ment. The patient was discharged on seventh hospital day and
no parasite was observed in the Giemsa-stained blood smear
performed 13 days after chloroquine treatment.

Thirty-four days later, the patient presented a second epi-
sode of P. vivax infection with similar symptoms as the first at-
tack, but with low blood pressure (89/51 mmHg). A new cycle
of chemotherapy was started a week before the visit, and he
was taking capecitabine. The patient had not travelled outside
Goyang-si, Gyeonggi-do between these 2 attacks. Parasite den-
sity was 8,316 parasites/pl. The chloroquine was administered
as total 25.8 mg/kg and primaquine was prescribed as the first
episode. Parasitemia was cleared within 6 days after chloro-
quine treatment.

A third episode of P. vivax malaria occurred 41 days after the

second episode. A new cycle of chemotherapy was started 6
days before the visit, and he was also taking capecitabine this
time. Parasite density was 14,790 parasites/pl. Chloroquine
was administered as total 20 mg/kg for the first 2 days. After
then, despite a clinically significant level of chloroquine resis-
tant malaria has not yet been identified in Korea [7], he was
treated with atovaquone/proguanil 1,000/400 mg for 3 days
and primaquine dose was increased as 30 mg for 14 days. Par-
asitemia was cleared within 8 days after anti-malarial treat-
ment confirmed by Giemsa-stained blood smear.

A fourth episode was diagnosed 97 days after the third epi-
sode, and parasite density was 19,140 parasites/pl. He was on
drug-holidays for gastric cancer about 2 months before the vis-
it. He treated again with chloroquine 25 mg/kg and prima-
quine 30 mg for 14 days and no parasite was observed in the
Giemsa-stained blood smear performed 6 days after chloro-
quine treatment (Fig. 1).

Peripheral blood sample was collected at each time of diag-
nosis and genotyping was performed. The 4 drug resistance
marker genes (pvmdr1, pvcrt-o, pvdhfr, and pudhps) and 3 genes
with variable regions about 300 to 1,000 base pairs (pvcs,
pvmsp1-F2, and pumsp1-F3) were analyzed [8]. The drug resis-
tance genes had same alleles in all the 4 samples (Table 1).
The sequences of the other 3 genes which size variable seg-
ments were totally identical among the 4 episodes (Fig. 2;
Supplementary Figs. S1, S2).

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:
CYP2DG6 (in vitro license No. 20-297, SPMED Co., Ltd., Busan,
Korea) according to the manufacturer's instructions and CY-
P2D6 *2, *3, *4, *5 (deletion), *6, *9, *10, *14, ¥17, *18,
*¥21, *29, *41, *49, *52, *60, *XN (duplicate) were analyzed.
The patient had *10B/*10B allele corresponding to the inter-
mediate metabolizer with decreased CYP2D6 function [9)].

DISCUSSION

We described a patient who experienced the 4 episodes of
recurrent vivax malaria in Korea with the last relapse occurring
at 171 days after the first attack. As far as we know, this is the
largest number of recurrences within the same year in Korea.
Our case reminds several factors regarding the treatment of
malaria in Korea.

Recurrent episodes of malaria can be divided into the recru-
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Fig. 1. Clinical course and parasite density, dosage of schizonticide and primaquine in the patient with recurrent vivax malaria.
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Fig. 2. Size variable genes PCR and sequencing analysis among 4 episodes. (A) Schematic representation of the pvcs and pvmsp1
gene for the localization of conserved segments (white boxes) and variable segments (grey boxes). The sequencing region is indicated
by the horizontal bold lines. (B) the pvcs and pvmsp1 size variable segments PCR result. The result showed identical amplicon size
among 4 episodes.

Table 1. Analysis of drug resistance genes single nucleotide polymorphisms (SNPs) from the samples of 4 recurrences

Molecular marker Single/multiple mutations (Allele) No. (%)
Drug resistance marker

CcQ pvmdr1 Single (F1076L) 4 (100)
pvcrt-o Wild type 4 (100)

Antifolate pvdhfr Single (S117N) 4 (100)
pvahps Wild type 4 (100)

Amodiaquine + SP pvmdr1 Single (F1076L) 4 (100)
pvahfr Single (S117N) 4 (100)

CQ, chloroquine; SP, sulfadoxine-pyrimethamine.

descence, relapse, or re-infection. Recrudescence is the recur-  tient, the eradication of the blood stage parasites was con-
rent clinical malaria originating from the remnant blood stage ~ firmed with the microscopic exam and thus recrudescence is
parasites despite the anti-malaria drug treatment. In our pa-  unlikely the cause of the recurrent episodes. There is no exact
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experimental method to distinguish the relapse from the re-in-
fection since that relapse may originate from activation of par-
asite clones identical to those of the primary infections (ho-
mologous) or genetically distinct clones (heterologous) [10].
However, the sequencing data of the 7 genes, including 3
genes of variable region, from each episode revealed to be to-
tally identical, suggesting homologous clonal relapse rather
than the re-infection. This is also interesting since the studies
performed in the tropical area suggest different distribution
between the homologous and the heterologous hypnozoites
reactivation [11].

Primaquine is currently used as hypnozoitocidal drug in
Korea. The factor most strongly associated with relapse of ma-
laria after primaquine treatment is the total amount of prima-
quine administered to the patient [12]. In this patient, prima-
quine was prescribed as 15 mg per day (0.29 mg/kg/day) for
14 days in the first and the second episodes and as 30 mg per
day (0.58 mg/kg/day) for 14 days in the third and fourth epi-
sodes. In the third episode, even high-dose primaquine (8.1
mg/kg total) failed to prevent the recurrence.

Anti-malarial activity of the primaquine is also known to be
dependent on the production of the oxidized metabolites by
the CYP2D6 isoenzyme in the liver. Thus, reduced CYP2D6
activity could have been associated with the reduced prima-
quine activity resulting in recurrent episodes of malaria. This
patient was identified to have CYP2D6*10B/*10B allele being
an IM and having <50% activity of CYP2D6. Similar recurrent
cases and studies with reduced CYP2D6 activities were also re-
ported from the other countries [13,14]. Also, reviewing the
patient's medical history, no CYP2D6 inhibitors such as fluox-
etine [15] were administered while taking primaquine. We
speculated that this genetic background could have been the
major factor causing the unusual multiple episodes of vivax
malaria in this patient.

This patient was under treatment for the gastric cancer. He
received the total gastrectomy with splenectomy 7 months be-
fore the first episode and was under adjuvant chemotherapy
during his recurrent malaria period. These host condition
could have affected the long disease course. A case of severe re-
currence of vivax malaria after splenectomy was reported [16],
and recent a prospective study conducted in Indonesia report-
ed that splenectomy was associated with a high risk of malaria,
especially vivax malaria [17]. The association of the patient's
splenectomy state with recurrence of vivax malaria cannot be
completely excluded. There is no obvious clinical evidence

that administration of a cytotoxic agent increases the risk of
malaria relapse.

Our study has several limitations. We only present the clini-
cal and microbiological information of only one patient. To
generalize the effect of CYP2D6 on malaria recurrence, more
study with larger population is needed. Second, administra-
tion of chloroquine and primaquine were not directly ob-
served and the drug compliance could not be monitored.
Third, we only examined the sequence of 7 genes of the P.
vivax and only 3 of them contained variable region. More de-
tailed analysis such as whole genome sequencing could have
more power to differentiate more closely related P. vivax
clones. Despite these limitations, our study clearly shows re-
currence of vivax malaria is causing significant morbidity and
more research about the relapse of P. vivax in South Korea is
urgently needed.
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