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ABSTRACT

Background: We aimed to analyze the epidemiology, clinical characteristics, and outcomes of
malaria caused by Plasmodium vivax among military members of the Republic of Korea (ROK).
Methods: We reviewed the medical records of patients diagnosed with P. vivax malaria in 16
military hospitals in the ROK between 2012-2021, excluding other types of malaria, as well as
imported cases and those treated in civilian hospitals.

Results: In total, 653 patients were treated for P. vivax malaria. Their mean age was 22.0 +
3.8 years, and their mean body weight was 73.4 + 10.8 kg. Hospitalization occurred in 92.0%
(n=0601) of the cases, with 4.4% (n = 29) recurring. The mean administered dose was 20.7 *
3.4 mg/kg for the chloroquine (CQ) base and 3.5 + 1.2 mg/kg for the primaquine (PQ) base.
Between 20122016 and 2017-2021, the mean patient body weight increased (72.9 + 11.1 vs.
74.3 +10.3 kg, P=0.044). Correspondingly, the total administered doses of CQ (1,476.0
144.0vs. 1,515.1 £ 155.1 mg, P=0.010) and PQ (242.6 £ 79.7 vs. 265.7 £ 92.3 mg, P < 0.001)
were increased. However, there was no difference in the weight-based dosage of CQ (20.7 +
3.6vs. 20.7 £ 3.2 mg/kg, P=0.580) or PQ (3.33 + 1.1 vs. 3.64 + 1.3 mg/kg, P=0.256), nor in
the percentage of patients who received sub-recommended doses. Among the 27 patients
who experienced recurrence and had available initial treatment data, the proportion of those
prescribed PQ (24 [88.9%] vs. 623 [99.5%], P=0.001) and the mean PQ dose (2.75 + 0.7 vs.
3.50 +1.2 mg/kg, P=0.003) were significantly lower in the recurrence group.

Conclusion: Over time, as the body weight of patients with P. vivax malaria in the ROK
military has increased, the administered dosages of CQ and PQ have correspondingly risen.
However, these dosages often remain suboptimal when compared to the body weight-

based recommendations by the World Health Organization. Of particular concern is the
continued administration of antimalarial drugs at suboptimal doses, which may contribute
to an elevated risk of recurrence. Further education may therefore be beneficial to ensuring
appropriate dosing for more effective malaria treatment.
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INTRODUCTION

Malaria is a global disease that affects > 240 million people annually, resulting in up to
600,000 deaths every year.1 The World Health Organization (WHO) regularly updates

its guidelines for effective malaria management, emphasizing the appropriate use of
medications, including optimal dosing based on patient weight.! Ensuring optimal dosing
is crucial because inappropriate dosing is associated with treatment failure and relapse.24
This issue is particularly relevant for the forms of malaria caused by Plasmodium vivax and
Plasmodium ovale, which have high relapse rates—owing to the dormant hypnozoite liver
stages of these parasites’ life cycles. As a result, determining the correct dosage of anti-
malaria medication based on each patient’s weight is critical for effective treatment.

In the Republic of Korea (ROK), P. vivax malaria is an endemic disease. Although no
indigenous cases of P. vivax malaria were reported for approximately 10 years from the early
1980s, it re-emerged in 1993 within military units near the Demilitarized Zone (DMZ).5:6
Currently, the areas in the ROK with malaria epidemics are primarily located near the DMZ
bordering the Democratic People’s Republic of Korea (DPRK), placing ROK soldiers serving
in these areas at higher risk of infection. As a result, approximately one-third of endemic
malaria cases in the ROK occur among active or discharged military personnel.>7

Since the re-emergence of malaria, the number of newly reported malaria cases has rapidly
increased, reaching up to 4,000 per year in the late 1990s. In 1997, the ROK’s Ministry

of National Defense (MND) introduced chemoprophylaxis during the mosquito season,
consisting of a combination of hydroxychloroquine and primaquine (PQ) for military
personnel deployed to high-risk areas.8 Conventionally, a 15-week course of weekly
hydroxychloroquine (400 mg per week) followed by a 14-day course of daily PQ (15 mg per
day) between July and October had been used as the mass chemoprophylaxis regimen.
Recently, the MND revised the mass chemoprophylaxis guidelines to improve compliance.
Starting in 2024, a 15-week course of weekly hydroxychloroquine (400 mg per week)
beginning in June, accompanied by at least one compliance and safety monitoring session,
has been implemented, along with a 7-day (30 mg per day) or 14-day (15 mg per day) course
of daily PQ in March. In addition, the ROK army has implemented an annual education
program on non-pharmacological prevention for high-risk military units.8 The program
includes cleaning the environment (e.g., removal of empty cans to control mosquito larvae),
using insect screens and mosquito nets, and applying repellents. Regular application of
pesticides targeting adult mosquitoes with space sprays (> 2 times/week) and residual sprays
(=1 time/month) is an important component of vector control. With the introduction of
chemoprophylaxis in combination with vector control and education programs, the incidence
of malaria gradually decreased in the 2000s. However, it remains endemic, with > 100 newly
diagnosed malaria cases annually.” Furthermore, patients with recurred or relapsed malaria
cases continue to be reported, and the possibility of treatment failure has increased—thus
warranting further analysis to ensure that proper treatments are being administered.9,10

To address this, we studied the epidemiology and clinical characteristics of P. vivax malaria
among military personnel serving in the ROK.
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METHODS

Study design and population

This retrospective study was conducted using the Defense Medical Information System
(DEMIS) database of the Korean Armed Forces Medical Command. The study population
consisted of military personnel and military-civilian employees who received outpatient

or inpatient treatment at 16 military medical institutions in the ROK and were coded

with International Classification of Diseases, Tenth Revision (ICD-10) codes for malaria
(B50.0-B54.1-01) between 2012-2021. The inclusion criteria were: patients diagnosed with

P. vivax malaria confirmed by a peripheral blood smear (PBS) or malaria polymerase chain
reaction (PCR) test, those who received outpatient or inpatient treatment at military medical
institutions, and those for whom complete medical records were accessible. The exclusion
criteria were: imported cases of P. vivax, Plasmodium falciparum, P. ovale, and Plasmodium malariae
malaria contracted during deployment or travel outside of the ROK, and patients who were
treated in civilian hospitals (for whom medical records were inaccessible).

Variables

The demographic variables used in this study included age, sex, body weight, branch of
service, and service location. The clinical variables included the date of symptom onset and
diagnosis, tests used to make the definitive diagnosis, occurrence of relapse, and whether
chemoprophylaxis was administered. The time from symptom onset to diagnosis was also
calculated. The total dose of hydroxychloroquine administered during the treatment period
was converted into an equivalent chloroquine (CQ) base dose per body weight. The daily dose
and duration of PQ administration were recorded and converted to the total dose per body
weight. Follow-up PBS results were recorded, noting whether the PBS was positive 72 hours
after the administration of the initial CQ base dose.

Statistical analysis

A descriptive analysis was conducted to identify the general characteristics of the study
population. The 10-year study period was divided into two halves to analyze the changes in
variables over time. y?, Fisher’s exact, and Mann-Whitney U tests were performed to compare
the patient characteristics between two periods. Among patients who revisited the military
medical institutions for malaria recurrence, treatment data from the initial diagnosis were
compared to those of patients who did not revisit for malaria (considered as non-recurrent
cases). x%, Fisher’s exact, and Mann-Whitney U tests were performed to compare the
treatment variables. All statistical analyses were performed using IBM SPSS Statistics version
29.0.2.0 (IBM Corp., Armonk, NY, USA), with statistical significance set at P < 0.05.

Artificial intelligence statement
Generative artificial intelligence was used only to correct the grammar and spelling in the
additional materials section.

Ethics statement

The study protocol was approved by the Institutional Review Board (IRB) of the Armed Forces
Medical Command of the ROK (IRB No. AFMC-202206-HR-032-01). The requirement for
informed consent was waived, owing to the retrospective nature of the study.
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RESULTS

In total, 653 patients were treated for P. vivax malaria (Table 1). The vast majority of patients
were male, with only one reported female patient. The mean age of the patients was 22.0

+ 3.8 years, and the mean body weight was 73.4 +10.8 kg. The distribution of patients by
military branch was: army, 609 (93.3%); marine corps, 32 (4.9%); navy, 6 (0.9%); air force,

3 (0.5%); and other, 3 (0.5%). PBSs were the major diagnostic method used to make
definitive diagnoses (n = 641, 98.2%), followed by malaria PCR (n = 4, 0.6%). The median
time from the onset of initial symptoms to diagnosis was 5 days (interquartile range [IQR],
3-7 days). Most of the patients (n = 601, 92.0%) were hospitalized. Among the patients
diagnosed with malaria, 121 (18.5%) reported receiving antimalarial chemoprophylaxis prior

to their diagnosis. However, detailed information regarding chemoprophylaxis compliance

was unavailable. Hydroxychloroquine was the initial drug of choice for most of the patients

(n =651, 99.7%), and subsequent anti-relapse treatment with PQ was administered to 647
(99.1%). Prior to PQ administration, only 155 of the patients (23.7%) were tested for glucose-
6-phosphate dehydrogenase (G6PD) deficiency. However, no patients developed hemolytic
anemia attributed to G6PD deficiency. The mean dose of CQ base administered during the

Table 1. Demographic characteristics of patients diagnosed with Plasmodium vivax malaria in Republic of Korea

military hospitals between 2012-2021

Characteristics

Values (N = 653)

Age, yr

Sex
Male
Female

Body weight, kg

Branch of service
Army
Navy
Air force
Marine
Others?

Diagnostic method
Peripheral blood smear
Malaria PCR
Unknown

Time to diagnosis, days

Medical care
Inpatient
Outpatient

Antimalaria chemoprophylaxis
Yes
No
Unknown

G6PD test before PQ

Antimalarial treatment
CQ administration

CQ base, total, mg
CQ base, total, mg/kg
PQ administration
PQ base, total, mg
PQ base, total, mg/kg
PQ duration, days
Recurrence

22.0+ 3.8

652 (99.8)
1(0.2)
73.4+10.8

609 (93.3)
6(0.9)
3(0.5)

32 (4.9)
3(0.5)

641 (98.2)
4(0.6)
8(1.2)
5(3-7)

601 (92.0)
59 (8.0)

121 (18.5)

78 (11.9)
454 (69.5)
155 (23.7)

651 (99.7)
1,490.6 + 149.3
90.7+3.4

647 (99.1)
951.4 + 85.4
3.5+1.2
14.0+ 1.0

29 (4.4)

Values are presented as numbers (%), mean = standard deviation, or median (interquartile range).
PCR = polymerase chain reaction, G6PD = glucose-6-phosphate dehydrogenase, PQ = primaquine, CQ = chloroquine.

2Designated unit under the Ministry of National Defense.
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Fig. 1. Time interval distribution between the initial and recurrent diagnosis of Plasmodium vivax malaria. Of the 29 patients with recurrence, the time interval
for 27 patients was available. Among these, 23 (85.2%) experienced a recurrence within 2 months. Fourteen (51.9%) experienced a recurrence within 35 days
(dotted line). One patient experienced recurrence after nearly 2 years (possibly due to re-infection).
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treatment course was 1,490.6 + 149.3 mg, and the weight-based dose was 20.7 + 3.4 mg/kg.
The mean total administered PQ base was 251.4 + 85.4 mg, with a weight-based dose of 3.5 +
1.2 mg/kg over 14.0 + 1.0 days. Among 653 reported patients with P. vivax malaria, 29 (4.4%)
experienced recurrence. The median time from initial diagnosis to recurrence was 35 days
(IQR, 30—43) among 27 patients, excluding 2 patients for whom the date of initial diagnosis
was unavailable. Among the 27 patients who experienced recurrence, 23 recurred within

1-2 months of the initial diagnosis and 4 recurred after 4 months (Fig. 1). Within 35 days of
the initial diagnosis, 14 patients (51.9%) experienced recurrence, while 13 patients (48.1%)
experienced recurrence after more than 35 days. The majority of repeated hospitalizations with
P. vivax malaria (n = 26, 89.7%) were diagnosed during the high-risk season (May to October),
as were the patients initially diagnosed with P. vivax malaria (n = 567, 90.9%) (P= 0.743).

When comparing the periods 2012-2016 and 2017-2021 (Table 2), there was an observed
increase in the mean body weight of the patients (72.9 + 11.1vs. 74.3 £ 10.3 kg, P=0.044).
The median time to diagnosis decreased from 5 days (IQR, 3-7) to 4 (IQR, 3-7), but this
change was not statistically significant. Total CQ base administered dosage was increased
over time (1,476.0 £ 144.0 vs. 1,515.1 £ 155.1 mg, P= 0.010) despite no significant differences
in the total weight-based CQ base dosage (20.7 + 3.6 vs. 20.7 + 3.2 mg/kg, P= 0.580) or in the
proportion of patients in the underdosing group (< 25 mg/kg; 363 [89.0%] vs. 226 [93.0%],
P=0.090) between the two periods. Similarly, there was an increasing trend in the total PQ
base dosage administered (242.6 + 79.7 vs. 265.7 + 92.3 mg, P < 0.001), despite no significant
differences in total weight-based PQ base dosage administered (3.38 + 1.1 vs. 3.64 + 1.3 mg/kg,
P=0.256) or the proportion of patients in the underdosing group (< 3.5 mg/kg; 296 [73.6%]
vs. 167 [68.2%], P=0.135] between the two periods. The persistence of parasitemia 72 hours
after the initial CQ dose also did not differ significantly between the two periods (73/116
[62.9%] vs. 49/80 [61.3%], P=0.811). The number of patients with relapsed malaria was not
significantly different between the two periods (22 [5.4%] vs. 7 [2.9%], P=0.128).

Among the 29 patients who experienced recurrence, initial treatment data were available

for 27 patients (Table 3). Compared to those who did not revisit for recurrence (including
patients treated for either the initial or recurrent diagnosis), the proportion of patients

https://doi.org/10.3346/jkms.2024.39.e314 5/9
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Table 2. Demographic and clinical data of patients diagnosed with Plasmodium vivax malaria in Republic of Korea
military hospitals, by study period

Suboptimal Antimalarial Doses and Recurrence Risk in ROK Armed Forces

Variables Years P value
2012-2016 (n = 408) 2017-2021 (n = 245)
Age, yr 21.8+3.4 22.2+ 4.4 0.712
Sex
Male 407 (99.8) 245 (100.0) > 0.999
Female 1(0.2) - -
Body weight, kg 72.9+11.1 74.3+10.3 0.044
Time to diagnosis, days 5(3-7) 4(3-7) 0.231
PBS follow-up 121 (29.7) 89 (36.3) 0.077
Antimalarial treatment
CQ administration 408 (100.0) 243 (99.2) 0.140
CQ base, total, mg 1,476.0 = 144.0 1,515.1+155.1 0.010
CQ base, total, mg/kg 20.7 + 3.6 20.7 + 3.2 0.580
CQ base < 25 mg/kg 363 (89.0) 296 (93.0) 0.090
PQ administration 402 (98.5) 245 (100) 0.089
PQ base, total, mg 242.6 +79.7 265.7 £ 92.3 <0.001
PQ base, total, mg/kg 3.38+1.1 3.64+1.3 0.256
PQ base < 3.5 mg/kg 296 (73.6) 167 (68.2) 0.135
Parasitemia at 72 hr after 1st CQ dose 73/116 (62.9) 49/80 (61.3) 0.811
Recurrence 22 (5.4) 7 (2.9) 0.128

Values are presented as numbers (%), mean = standard deviation, or median (interquartile range).
PBS = peripheral blood smear, CQ = chloroquine, PQ = primaquine.

Table 3. Association between recurrence of Plasmodium vivax malaria and antimalarial treatment in Republic of
Korea military hospitals, 2012-2021

Variables Recurred after treatment Not recurred after treatment P value
(n=27% (n = 626)

CQ administration 27 (100.0) 624 (99.7) >0.999
CQ base, total, mg 1,500.0 = 83.2 1,490.2 £ 151.6 0.750
CQ base, total, mg/kg 21.2 + 4.0 20.7 + 3.4 0.717
CQ base < 25 mg/kg 23 (85.2) 566 (90.7) 0.314

PQ administration 24 (88.9) 623 (99.5) 0.001
PQ base, total, mg 199.4 + 36.6 953.4 + 86.1 0.001
PQ base, total, mg/kg 2.75+ 0.7 3.50+ 1.2 0.003
PQ base < 3.5 mg/kg 21 (87.5) 449 (70.9) 0.078

Values are presented as numbers (%), mean = standard deviation.

CQ = chloroquine, PQ = primaquine.

2Among the 29 patients with recurrence, treatment data during the initial diagnosis was unavailable for 2 patients
(treated in civilian hospitals).

prescribed PQ was significantly lower among those who experienced recurrence (24 [88.9%]
vs. 623 [99.5%], P=0.001). Among patients prescribed PQ, the total weight-based PQ dose
was significantly lower in the recurrent group compared to the non-recurrent group (2.75
0.7 vs. 3.50 +1.2 mg/kg, P=0.003). The proportion of PQ-underdosed patients was higher
in the recurrent group, although the difference was not statistically significant (21 [87.5%)]
vs. 442 [70.9%], P=0.078). There was no statistically significant difference between the two
groups regarding CQ administration, dosage, and the proportion of CQ-underdosed cases.

DISCUSSION

We analyzed the epidemiological and clinical characteristics of ROK military personnel
diagnosed with P. vivax malaria who were treated at 16 military hospitals. Despite the increase
in patients’ average body weight over time, the issue of underdosing antimalarial medication
compared to WHO guidelines persists, with no significant reduction, especially in the case
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of PQ.1 Indeed, a previous study in the ROK, which included civilian patients, suggested an
association between underdosed CQ and treatment failure. From 2000 to 2016, patients
prescribed < 25 mg/kg of CQ had significantly higher recurrence rates (4.7% vs. 1.4%), and
the mean dose per body weight of PQ was also significantly lower in the CQ-underdosed
group.10 In our study, the average weight of patients was over 70 kg, which is likely to

result in inappropriate dosing of both CQ and PQ under fixed dosing regimens. Given that
the prescribed weight-based PQ dosage was significantly lower in our recurred patient
population, this underscores the importance of ensuring appropriate PQ dosing in malaria
patients within the ROK military. Furthermore, a recent trial conducted in Brazil, as well as
arecent meta-analysis, both demonstrated that a higher dose of PQ (7.0 mg/kg rather than
3.5 mg/kg) was more effective for preventing the relapse of P. vivax malaria.2:11 Although our
data indicated a lower proportion of recurrence malaria cases (4.4%) among ROK military
personnel compared to the 180-day recurrence reported in that meta-analysis (9.9% in the
low-dose PQ group vs. 6.6% in the high-dose one), underdosing is known to be associated
with treatment failure and relapse.2-4 Although the guidelines recommend weight-based
dosing of antimalarials, practical application may be suboptimal due to the fixed-dose
formulations of antimalarial tablets, which can be challenging to adjust precisely according
to a patient’s weight. Consequently, this may result in dosing that falls slightly below the
optimal therapeutic level. Such suboptimal dosing, particularly with PQ, could increase
the risk of recurrence. To address this issue, enhancing education for military healthcare
personnel and implementing monitoring of treatment practices may improve adherence to
guidelines and subsequently optimize treatment outcomes in the ROK military.

In this study, only 23.7% of patients were tested for G6PD deficiency. The WHO guidelines
recommend testing for GOPD deficiency before administering PQ due to the risk of hemolytic
toxicity.! This low testing rate is partly due to the low prevalence of G6PD deficiency in the
ROK and the long turnaround time for test results in military hospitals. Recent studies with
>1,000 samples from malaria-endemic areas and a military training camp did not detect

any cases of G6PD deficiency.1213 In 2023, a study involving > 5,000 samples revealed that
only 0.4% of Koreans had decreased G6PD activity, with G6PD deficiency defined by WHO
guidelines confirmed in only 0.1% of cases.14 However, given the increasing number of children
from multicultural families in the ROK, and the higher prevalence of G6PD deficiency among
them—reported as 7.8% of male adolescents from multicultural families—compared to those
of Korean ethnicity, it would be beneficial to consider more proactive G6PD deficiency testing
in patients with endemic malaria who diagnosed in military medical facilities.1415

In 2020, a study analyzing patients with malaria in the ROK from 2000 to 2016 showed

an increasing trend in parasitemia clearance time (PCT).10 In our study, the proportion

of patients with persistent parasitemia after 72 hours from initial treatment was 62.9% in
2012-2016 and 61.3% in 2017-2021, showing no significant difference between the periods.
However, these figures are higher compared to the previous study which reported 30.5%
(2000-2005), 36.3% (2006-2010), and 52.4% (2011-2016) of PCT > 72 hours.10 It might be
because laboratories in ROK military hospitals counted gametocytes on the PBS slides, which
should be reported but are not recommended to be routinely counted according to WHO’s
malaria microscopy standard operating procedure.16 However, the increasing PCT may be
an early indicator of the emergence of drug-resistant malaria and thus should be closely
monitored to track potential drug resistance in the ROK, especially in the military under
mass chemoprophylaxis.
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Recurrence of P. vivax malaria within 1-2 months after initial treatment is referred to as

Suboptimal Antimalarial Doses and Recurrence Risk in ROK Armed Forces

recrudescence, caused by the failure to eliminate the intraerythrocytic stage of malaria due to
insufficient treatment. Relapse refers to the reactivation of hypnozoites in the liver, resulting
in recurrent infection.16 Of the 27 patients who experienced recurrence, 23 did so within

1-2 months and 4 after 4 months, indicating a bimodal distribution as the previous study.1”
Re-infection can occur at any time in high-risk areas and during high-risk periods, making

it difficult to clearly distinguish the cause of recurrence as either recrudescence, relapse,

or re-infection except for 1 case (post-722 days). However, the above minimal inhibitory
concentration level of CQ is maintained for approximately 30-35 days post-treatment,18 and
in this study, 48.2% (n = 13) of cases experienced recurrence within this period. This suggests
a high likelihood of recrudescence, potentially due to inappropriate dosing. Although there
are no data on CQ blood concentration in this study, some cases exhibited a recurrence

time as short as 22-29 days, raising suspicions of drug-resistant malaria. In addition, a

study suggested that a host factor could be a risk factor for the recurrence of P. vivax malaria
in South Korea.19 Among 139 samples from patients with P. vivax, including 48 samples
designated as recurrent cases, reduced CYP2DG activity phenotype and lower CYP2DG6
activity were associated with recurrence. While our study did not perform molecular tests on
recurred cases, making it difficult to determine the exact cause of recurrence, this limitation
highlights the need for further research.

To the best of our knowledge, this study is the first to report on the treatment of military
personnel patients with malaria in the ROK. Our findings may benefit the military forces

of other countries as well—such as the U.S. Forces Korea. However, this study also had
several key limitations worth noting. First, as this was a retrospective observational study,

it was subject to inherent selection and information biases. Second, the study population
underwent large-scale chemoprophylaxis. The ROK military administers chemoprophylaxis to
military personnel stationed in high-risk areas between July and October annually. However,
detailed information regarding the specific chemoprophylaxis regimens and compliance
rates in our patient cohort was not available. Third, the study population mainly consisted
of men serving under the conscription system. They are usually healthy, young males but
are often continuously exposed to risks of malaria due to occupational reasons. It limits the
generalizability of the findings.

Our study found that inappropriate dosing regimens of antimalarial drugs are currently
being administered to ROK military personnel with P. vivax malaria. Such underdosed drugs
may promote recurrence (or relapse) and the emergence of resistance due to insufficient
treatment. It is therefore essential to educate healthcare providers in the country on the
subject of proper dosing protocols and to monitor the prescriptions they write in order

to ensure compliance. Further studies are warranted to evaluate changes in dosing and
treatment outcomes before and after such interventions.
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