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Abstract

Background Primaquine is essential for the radical cure of Plasmodium vivax malaria, but it poses a potential danger of severe
hemolysis in G6PD-deficient (G6PDd) patients. This study aimed to determine whether primaquine is safe in a population
with high G6PD prevalence but lacking G6PD diagnosis capacity.

Methods In Myanmar, 152 vivax patients were gender- and age-matched at 1:3 for G6PDd versus G6PD-normal (G6PDn).
Their risk of acute hemolysis was followed for 28 days after treatment with the standard chloroquine and 14-day primaquine
(0.25 mg/kg/day) regimen.

Results Patients anemic and non-anemic at enrollment showed a rising and declining trend in the mean hemoglobin level,
respectively. In males, the G6PDd group showed substantially larger magnitudes of hemoglobin reduction and lower hemo-
globin nadir levels than the G6PDn group, but this trend was not evident in females. Almost 1/3 of the patients experienced
clinically concerning declines in hemoglobin, with five requiring blood transfusion.

Conclusions The standard 14-day primaquine regimen carries a significant risk of acute hemolytic anemia (AHA) in vivax
patients without G6PD testing in a population with a high prevalence of G6PD deficiency and anemia. G6PD testing would
avoid most of the clinically significant Hb reductions and AHA in male patients.
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Introduction

Plasmodium vivax has become the predominant species in
Huaie Liu and Weilin Zeng have contributed equally to this work. many endemic areas, challenging malaria elimination. The
resilience of P. vivax to conventional malaria control meas-
ures is especially attributed to its ability to form hypnozo-
ites in the liver, responsible for relapses [1-3]. Therefore,
a radical cure of vivax infection requires the co-adminis-
tration of a schizonticide to clear the blood-stage infection
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remains the frontline treatment for uncomplicated P. vivax
infections [4]. WHO recommends 14 days of PQ treatment
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in the impoverished rural malaria-endemic tropics [7], hin-
dering the implementation of this anti-relapse therapy [8].
Although knowing the G6PD status of a vivax patient is
essential prior to PQ prescription, many clinics and hospi-
tals in malaria-endemic areas do not have the resources and
capacity to perform G6PD testing. In these areas, unsuper-
vised prescription of PQ to patients with unknown G6PD
status would lead to possibly serious consequences requiring
compulsory clinical monitoring during the daily PQ therapy
[5]. In addition, accessibility to rescue transfusion services
is needed in case of acute hemolytic anemia (AHA). Recent
studies aiming to enhance patients’ compliance with the PQ
therapy showed excellent anti-relapse efficacy of compress-
ing the 14-day PQ regimen to 7 days of 1.0 mg/kg daily [9,
10], but this high-dose regimen requires pre-screening for
the G6PD status.

In the Greater Mekong Subregion (GMS), Myanmar has
the heaviest malaria burden, with areas experiencing vivax
malaria outbreaks in recent years [11]. The frontline treat-
ment of uncomplicated P. vivax malaria remains CQ/PQ,
and in most cases, PQ is often prescribed as unsupervised
treatment [5, 12]. Within the GMS, G6PD deficiency is
highly prevalent with predominantly WHO class II or III
variants [7, 13]. Among the Kachin ethnic residents at the
China—Myanmar border, G6PD deficiency reaches almost
20%, with the Mahidol variant (class III) as the major vari-
ant [14]. Similar to the African A— variant, the Mahidol
variant is expected to precipitate self-limiting anemia with-
out progression to life-threatening complications during
standard PQ treatment. In an earlier detailed observation of
the hemolytic course in G6PDd Thai patients treated with
the standard dosing regimen of PQ, moderate hemolytic
crises were observed at treatment initiation, which were
subsequently resolved [15]. Similarly, an evaluation of this
regimen among 364 vivax patients in Thailand in hospi-
tal settings, including 22 G6PDd males, further indicated
this standard PQ therapy was safe [16]. However, previous
reports in the GMS also showed that the standard dose of
PQ induced AHA [17-19]. Therefore, the uncertainty of the
standard PQ regimen prescribed without G6PD testing in the
GMS populations with prevalent G6PD deficiency demands
further safety evaluation. Here, we evaluated the frequency
of severe hemolytic events in vivax patients receiving stand-
ard PQ treatment at the China—Myanmar border.

Materials and methods

Ethical consideration
The study protocol was approved by the Institutional Review

Boards of Kunming Medical University, Kunming, Yunnan
Province, China (#(KMC2012-01), and the Department of
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Health of Kachin, Myanmar. All participants provided writ-
ten informed consent prior to screening and enrollment.

Study site and participants

This study was conducted between April 2014 and March
2017 in two settlements for internally displaced people (IDP)
and four villages in Laiza, Kachin State, Myanmar, along
the China—Myanmar border. In the IDP clinic, patients diag-
nosed with uncomplicated P. vivax infections by microscopy
were recruited into the study. Children younger than 5 years
old as well as pregnant and lactating women were excluded.
Those with severe malnutrition, severe liver and kidney
diseases, and those who were allergic to antimalarial drugs
or had antimalarial treatment within the last 4 weeks were
also excluded. Patients with hemoglobin (Hb) levels lower
than 7 g/dL were also excluded. Since this study aimed to
compare the risk of hemolysis between G6PDd and G6PD
normal (G6PDn) patients, each G6PDd patient was age- and
gender-matched to G6PDn vivax patients. The demographic
information of the patients was obtained using a structured
questionnaire. Symptoms were recorded, and the axillary
temperature was measured using a digital thermometer.
Bodyweight and height were measured to calculate the
body mass index (BMI) using the formula: [weight (kg)/
height squared (m?)]. Anemia was defined using age- and
gender-specific WHO thresholds. Specifically, children aged
5-11 years, children aged 12—14 years, non-pregnant women
(15 years and above), and men (15 years and above) with Hb
levels (g/dL)<11.5,<12.0,<12.0, and < 13.0 were classi-
fied as anemic [20]. Clinically concerning decline in Hb is
defined as the Hb nadir level changes of either an absolute
reduction of 5 g/dL, a fractional reduction of >25%, or both.
The local threshold of Hb level used for blood transfusion
is 6 g/dL.

Parasitological procedures, hematology,
and screening of G6PD deficiency

Thick blood smears were read by two certified microscopists
to determine parasite density as described [21]. Dried filter-
paper blood spots were used to extract DNA for molecular
confirmation of P. vivax infection by PCR targeting the 18S
rRNA gene [22]. Upon enrollment and on days 7, 14, and
28, a venous blood sample (0.5-2 ml) was drawn from each
patient into an EDTA tube for hematological analysis using
a TEK-II Mini automated hematological analyzer (Jiangxi
Tekang Technology Co. Ltd, China). Daily internal qual-
ity control and scheduled external quality assessment were
performed following the instructions from the manufacturer.
G6PD deficiency was diagnosed on day O using the G6PD
Fluorescence Spot Test (FST, MICKY Inc., Guangzhou,
China) following the manufacturer's instructions [14, 23].



Risk of hemolysis in Plasmodium vivax malaria patients receiving standard primaquine treatment... 215

Samples that did not result in any fluorescence after 30 min
of incubation were considered G6PDd [14].

Patient treatment and follow-up

P. vivax malaria patients were treated following the WHO
guidelines for vivax malaria (25 mg CQ base/kg given in
3 days and 0.25 mg PQ/kg/day for 14 days) [5, 24]. After
completing the clinical examination, each patient was issued
a medication card to monitor their daily medication during
the 14-day treatment period. As a part of routine care, PQ
was prescribed without the G6PD test, but subjects were
warned about the risk of PQ toxicity and asked to closely
monitor the color of their urine. Medical staff at the IDP
clinic inspected the patient’s medication cards, inquired
about and recorded any adverse reactions to the medica-
tions, and distributed antimalarial drugs daily. Clinicians
were free to stop PQ if there were clinical signs of severe
hemolysis (dark urine) or other clinical reasons of concern.
Medical technicians performed the hematological tests on
all enrolled patients at the time of enrollment and on days
7, 14, and 28 without knowing the patient’s G6PD status. A
transfusion was performed at the nearby township hospital
if a patient’s Hb fell below 6 g/dL.

Statistical analysis

The EpiData 2.0 software was used for data entry. Data
were analyzed and visualized using Graphpad Prism (ver-
sion 6.0). Two-group comparisons were performed using
the Mann—Whitney U test for continuous variables or Chi-
square test, or Fisher’s exact test when mandated by sparse
data for categorical variables. The overall mean Hb nadir
levels between G6PDn and G6PDd patients were compared
using the Student’s ¢ test. Pearson correlation was used to
detect the correlation of the baseline Hb levels with para-
sitemia (log-transformed), as well as with both the absolute
and fractional changes of Hb levels. To test for interactions,
logistic regression models were fit with the clinically signifi-
cant Hb drop as the outcome variable. Gender, age, initial
Hb levels (anemia and non-anemia), and initial parasitemia
were used as covariates in these models. All P values were
interpreted in a two-tailed fashion, and a P <0.05 was con-
sidered statistically significant.

Results
Baseline characteristics of the P. vivax patients
Out of 238 patients presenting with uncomplicated vivax

malaria and subsequently evaluated for G6PD status using
an FST, we selected 38 (18 male and 20 female) G6PDd P.

vivax cases. These were then age- and gender-matched to
select 114 G6PDn P. vivax patients in the ratio 1:3 (Table 1,
Supplementary Fig. 1). All P. vivax infections were verified
by nested PCR analysis. All patients received standard treat-
ment with CQ/PQ without G6PD pre-screening (standard
of care in this region). The median age of the vivax patients
was 15 years for males and 12.5 years for females. At the
time of enrollment, there were no significant differences in
BMI, parasite density, or Hb level between the G6PDn and
G6PDd groups. There was a high prevalence of anemia in
this IDP population, with >50% of patients being anemic
at presentation. Although P. vivax infection is often associ-
ated with enhanced red blood cell (RBC) destruction and
consequently lower baseline Hb levels [25], we did not find a
significant correlation between parasitemia and the baseline
Hb level (Pearson correlation, r2=0.0098). More patients
in the G6PDd group (61%) were anemic than in the G6PDn
group (54%), but the difference was not statistically signifi-
cant. The median parasite density in male patients was lower
in the G6PDd group than in the G6PDn group, whereas it
was at a similar level in female G6PDd and G6PDn patients
(Table 1).

Hemoglobin dynamics, nadir levels, and recovery

After the start of the CQ/PQ treatment, the magnitude and
direction of the change in the Hb level varied at the indi-
vidual patient level (Fig. 1), despite that the median Hb lev-
els remained relatively constant (Fig. S2A, Supplementary
Table 1). When stratified by Hb level at presentation, the
non-anemic patients showed a general decline in Hb over
time, whereas anemic patients showed an increase of Hb on
day 7 and a gradual increase thereafter (Fig. S2B, C). These
trends were consistent for both G6PDn and G6PDd patients.

Thirty-nine (25.7%) patients showed higher Hb levels at
all three time points after PQ treatment than baseline levels
(Supplementary Table 2). Notably, 87.2% (34/39) of these
patients were anemic at enrollment, consistent with the ris-
ing Hb trend in anemic patients. Conversely, 113 (74.3%)
patients exhibited Hb decreases at one or more time points
during the follow-up (Table S2). Also, there were signifi-
cant negative correlations between absolute or fractional
changes of Hb levels on day 7 and day 14 with the baseline
Hb levels (P <0.001, Pearson correlation, Fig. 2). In addi-
tion, among male patients, the G6PDd group had substan-
tially larger magnitudes of Hb reduction than the G6PDn
group at each time point, with the absolute Hb reduction on
day 7 being statistically significant between G6PDd (-3.3 g/
dL) and G6PDn (—1.2 g/dL) patients (P <0.05) (Table 2).
However, among female patients, there were no significant
differences in the magnitude of Hb reduction between the
G6PDd and G6PDn groups (P> 0.05). Collectively, these
data indicated that the most substantial Hb reduction in the
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Table 1 Baseline characteristics
of P. vivax patients stratified by

sex and G6PD status at the time
of enrollment

Fig. 1 Changes in hemoglobin
levels (g/dL) over time in male
(A) and female (B) P. vivax
patients. Red and blue colors
refer to GOPD-normal and -defi-
cient individuals, respectively.
Thick lines show the median
levels

G6PDd patients occurred during the first 2 weeks of PQ
intake. Only the G6PDd male group showed relatively large
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Parameters All patients (N=152) G6PD normal (N=114) G6PD deficient (N=38)
Male' 72 54 18

Age (year) 15.0 (11.0-20.0) 15.00 (11.0-20.3) 15.50 (11.0-20.3)

Body mass index 19.0 (16.7-20.8) 19.0 (16.9-20.8) 18.07 (16.7-20.7)
Parasite density (/pL) 2189 (893-4877) 2372 (699-5528) 2040 (1004-2961)
Hemoglobin (g/dL) 12.05 (10.53-13.50) 12.20 (10.75-13.50) 11.75 (10.08-14.23)
RBC (10'?/L) 4.37 (3.63-4.77) 4.45 (3.74-4.90) 4.25 (3.47-4.63)

WBC (10°/L) 5.65 (4.20-8.00) 6.00 (4.15-7.80) 5.40 (4.08-8.28)

Platelets (10°/L)

Anemic patients [n (%)]*
Female®

Age (year)

Body mass index
Parasite density (/pL)
Hemoglobin (g/dL)
RBC (10'%/L)

WBC (10°/L)

Platelets (10°/L)

Anemic patients [n (%)]*

98.50 (83.25-142.00)
42 (58.3%)

80

12.5 (10.3-16.0)

17.2 (15.9-20.9)
2165 (867-4135)
11.75 (10.25-12.80)
3.93 (3.51-4.391)
5.40 (3.83-8.73)
102.00 (78.50-138.0)
42 (52.5%)

102.50 (84.75-144.25)
31 (57.4%)

60

12.5 (10.0-16.0)

17.2 (15.8-20.4)
2169 (867-4619)
11.90 (10.33-13.15)
4.04 (3.41-4.49)
5.40 (3.83-9.28)
89.50 (78.50-135.80)
30 (50.0%)

87.00 (73.00-118.75)
11 (61.1%)

20

12.5 (11.0-15.5)

18.9 (16.1-22.7)
2165 (890-3355)
11.40 (10.25-12.48)
3.885(3.53-4.18)
5.400 (3.90-7.90)
112.00 (79.50-155.80)
12 (60.0%)

All data except anemic patients are expressed as median (interquartile range)

For each parameter, there was not statistical difference between G6PDn and G6PDd patients (P> 0.05)

TG6PD-deficient patients and G6PD-normal patients, defined based on the FST results, were age-matched

as 1:3

# Anemia was determined based on the WHO classification

18

14
Day

— = — G6PD normal

e Median for GEPD mormal === Median for GEPD deficient

18

Female

0 7

— -+ — GBPD deficient

Day

magnitudes of absolute Hb decreases (—2.2 to —3.3 g/dL)
at all the time points.
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Table 2 The dynamics and Sex Day Hb reduction [median (IQR), g/dL]

magnitude of hemoglobin

reduction during primaquine G6PDn G6PDd P*
treatment among P. vivax
patients experiencing Male 0 0 0

hemoglobin reduction stratified 7 —-1.20 (-0.55 to —2.05) —~3.30 (—1.00 to —4.10) 0.0414
by sex and G6PD status 14 ~1.90 (~1.30 to —3.20) ~3.25 (~1.48 to —3.75) 0.1252
28 ~1.40 (~0.70 to —2.50) —2.20 (~1.10 to —3.60) 0.2851

Female 0 0 0
7 —1.45 (~0.50 to — 2.70) ~3.00 (~2.30 to —4.00) 0.0632
14 ~2.20 (- 1.00 to —3.70) ~1.50 (=0.35 to — 3.43) 0.2314
28 -2.10 (= 1.05 to —5.00) —0.80 (=0.50 to —3.18) 0.1072

Hb reduction refers to comparison to the day 0 level

*Mann—Whitney test. Significance was highlighted in bold
G6PDn, G6PD normal; G6PDd, G6PD deficient

Hb nadir levels were used to determine whether PQ treat-
ment should be discontinued. For the 113 patients show-
ing any Hb decreases during the follow-up period, 22.4%,
28.3%, and 23.0% reached the nadir Hb levels on days 7,
14, and 28, respectively (Supplementary Table 3). Apparent
disparities existed between the genders. In male patients, the
G6PDn group had a higher mean Hb nadir level (10.53 g/dL)
than the G6PDd group (9.51 g/dL), but the female patients
showed the opposite, higher in the G6PDd group (10.17 g/
dL) than the G6PDn group (9.35 g/dL), though the differ-
ences were not statistically significant.

A total of 76 (50%) patients achieved hematological
recovery, with their Hb levels on day 28 exceeding the

baseline levels at enrollment. There were no significant dif-
ferences in the recovery rates between the male and female
groups or between the G6PDn and G6PDd groups (Sup-
plementary Table 1). Compared to the Hb levels at enroll-
ment, the day 28 Hb levels in all groups experienced slight
increases (0.21-0.56 g/dL) except for the G6PDn female
patients, which showed a slight decrease (—0.1 g/dL) (Sup-
plementary Table 1).

Severity outcomes

Over the course of the study, 45 patients experienced clini-
cally concerning declines in Hb (an absolute reduction of
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5 g/dL, a fractional reduction of >25%, or both). While
62.2% of these clinically concerning Hb declines occurred
during PQ treatment, 37.8% happened on day 28. A signifi-
cantly larger proportion of G6PDd males (55.5%) experi-
enced clinically concerning Hb decreases than G6PDn males
(16.7%) (Table 3, P<0.01, X2 test). Although this trend was
reversed in females, the difference was insignificant.

We first evaluated the independent effects of age, gender,
GO6PD status, the initial Hb, and the initial parasitemia on
the risks of clinically concerning Hb reductions. Although
the analysis did not reveal significant impacts of these fac-
tors on the risks of clinically concerning Hb drop (P> 0.05,
Table 4), G6PDd patients had a high OR (1.826). In contrast,
those who were anemic and had a high parasitemia level
at enrollment had a lower OR in experiencing a clinically
concerning drop in Hb.

Since G6PD status may be modified by other factors such
as parasitemia [26], a stratified analysis was conducted.
While we observed higher ORs of the G6PDd group than
the G6PDn group in males, anemic patients at enrollment,
and between different initial parasitemias, only the OR for
G6PDd males (OR =6.25, 95% CI 1.93-20.20) was statisti-
cally significant (Table 4).

Five patients (2 males and 3 females) experienced Hb
falls below 6 g/dL, the local threshold for transfusion
(Table 3, Supplementary Table 4). Four patients were ane-
mic at enrollment (Hb 9.0-10.8 g/dL), and one male was
G6PDd. One G6PDn male patient had a reduction of Hb
level from 9 g/dL at enrollment to 6 g/dL on day 14, while
the other G6PDd male patient with a Hb level of 9.5 g/dL
at enrollment showed an initial increase during the first 2
weeks, but exhibited a subsequent drop in Hb to 5.3 g/dL on
day 28. The three females with the reduced Hb level to <6 g/
dL were all G6PDn, and transfusion referral was made on
days 7, 14, and 28, respectively (Fig. 1). None of the patients
showed signs of AHA or had dark urine.

Discussion

G6PD deficiency occurs at a relatively high frequency in the
GMS, with the class III variants Mahidol and Viangchan
being the predominant G6PD variants [13, 14, 27]. Previous
studies have shown that the standard treatment regimen for
vivax malaria was generally safe without requiring blood
transfusion, even though significant falls in Hb were detected
in G6PDd patients and heterozygous females with 40-60%
residual activity [16, 28, 29]. However, recent studies con-
ducted in the GMS have demonstrated elevated risks of clini-
cally concerning Hb declines in G6PDd patients treated with
weekly PQ [30], or in G6PD heterozygous but phenotypi-
cally normal female patients treated with higher daily PQ
doses [9, 31]. Our study is the first to evaluate the risk of
severe hemolysis in vivax patients treated with the stand-
ard CQ/PQ regimen in vivax-endemic eastern Myanmar.
We observed that the overall Hb levels after PQ treatment
in both male and female G6PDn and G6PDd groups were
relatively stable, with a slight increase by day 28, suggest-
ing a general Hb recovery. However, significant variations
were detected among individual patients. Almost one-third
(29.6%) of the patients experienced clinically concerning
falls in Hb, including five patients with Hb levels dropping
below 6 g/dL requiring blood transfusion, although the two
occurring on day 28 may be unrelated to PQ since both had
day-14 Hb levels above 12 g/dL. The Mahidol variant is
the most common in the study area [14, 32]. Though the
Mahidol variant is classified as a mild deficiency, undiag-
nosed patients can sometimes develop life-threatening AHA
after receiving the standard PQ treatment [19]. Similarly,
unsupervised PQ treatment in the Brazilian Amazon with a
prevalence of ~5% G6PD African A- class III variant has led
to life-threatening anemia and acute renal failure [33]. Our
study reinforces the need for implementing G6PD testing in
areas with prevalent class III G6PD variants.

The clinical outcomes of PQ treatment reveal differences
across genders, consistent with G6PD deficiency being a
sex-linked trait. Male G6PDd patients recorded a much
larger magnitude (an absolute reduction of 3.25-3.30 g/dL)
of Hb reduction than the G6PDn patients in the first 2 weeks

Table 3 Patients with clinically

. o Sex Clinically concerning Hb reduction Severe hemolysis (Hb <6 g/dL)
concerning reduction in :
hemoglobin and severe G6PDn G6PDd P G6PDn G6PDd P
hemolysis

Male (n=72) 9/54 (16.7%) 10/18 (55.5%)  0.0012  1/54 (1.9%) 1/18 (5.6%)  0.4401
Female (n=80)  21/60 (35.0%) 5/20 (25.0%) 0.4083  3/60 (5%) 0 0.569
Total (n=152) 30/114 (26.3%)  15/38 (39.5%)  0.1239  4/114 (3.5%) 1/38(2.6%) 1.0

Definition of clinically concerning decrease: absolute reduction of >5 g/dl or/and fractional reduction

of >25% from baseline levels

*Chi-square test; **Fisher’s exact test
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Table 4 Risk factors analysis for patients with clinically concerning decrease in hemoglobin

Clinically concerning
decrease (N=45)

Age, year [N (%)]

<15 26/85 (30.6%)

>15 19/67 (28.4%)
Sex [N (%)]

Female 26/80 (32.5%)

Male 19/72 (26.4%)
GO6PD [N (%)]

G6PD normal 30/114 (26.3%)

G6PD deficient 15/38 (39.5%)
Initial parasitemia (/pl), [N (%)]

<4000 (low) 37/112 (33.0%)

>4000 (high) 8/40 (20.0%)
Initial Hb (g/dl) [N (%)]

Non-anemic 24/68 (35.3%)

Anemic 21/84 (25.0%)
Age,>15 [N (%)]

G6PD normal 12/51 (23.5%)

GO6PD deficient 7/16 (43.8%)
Age, <15 [N (%)]

G6PD normal 18/63 (28.6%)

GO6PD deficient 8/22 (36.4%)
Male [N (%)]

G6PD normal 9/54 (16.7%)

GO6PD deficient 10/18 (55.6%)
Female [N (%)]

G6PD normal 21/60 (35.0%)

G6PD deficient 5/20 (25.0%)
Initial Hb level non-anemic [N (%)]

G6PD normal 18/53 (34.0%)

G6PD deficient 6/15 (40.0%)
Initial Hb level anemic [N (%)]

G6PD normal 12/61 (19.7%)

GO6PD deficient 9/23 (39.1%)
Initial parasitemia—Ilow [N (%)]

G6PD normal 24/81 (29.6%)

G6PD deficient 13/31 (41.9%)
Initial parasitemia—high [N (%)]

G6PD normal 6/33 (18.2%)

G6PD deficient 217 (28.6%)

No clinically concerning OR (95% CI) P value*
decrease (N=107)

0.765
59/85 (69.4%) 1
48/67 (71.6%) 0.90 (0.44-1.82)

0.410
54/80 (67.5%) 1
53/72 (73.6%) 0.75 (0.37-1.50)

0.124
84/114 (73.7%) 1
23/38 (60.5%) 1.83 (0.84-3.95)

0.121
75/112 (67.0%) 1
32/40 (80.0%) 0.51 (0.21-1.21)

0.167
44/68 (64.7%) 1
63/84 (75.0%) 0.61 (0.30-1.23)

0.117
39/51 (76.5%) 1
9/16 (56.3%) 2.53 (0.78-8.23)

0.495
45/63 (71.4%) 1
14/22 (63.6%) 1.43 (0.51-4.00)

0.001*
45/54 (83.3%) 1
8/18 (44.4%) 6.25 (1.93-20.20)

0.408
39/60 (65.0%) 1
15/20 (75.0%) 0.62 (0.20-1.94)

0.666
35/53 (66.0%) 1
9/15 (60.0%) 1.30 (0.40-4.22)

0.066
49/61 (80.3%) 1
14/23 (60.9%) 2.63 (0.92-7.49)

0.215
57/81 (70.4%) 1
18/31 (58.1%) 1.72 (0.73-4.05)

0.533
27/33 (81.8%) 1
5/7 (71.4%) 1.80 (0.28-11.60)

#Chi-square test. *P <0.05

of PQ treatment. They also carried a significantly higher risk
of clinically relevant Hb reductions. Given that the G6PDn
and G6PDd phenotypes in male patients are clearly separate,
implementing G6PD screening before PQ administration and
not treating G6PDd males would reduce the number of male
patients with clinically relevant Hb reductions by > 50%. In
females, we also observed a much larger magnitude of Hb

reductions in G6PDd patients than the G6PDn patients in
the first week of PQ treatment, but the hemolytic effects
observed in males were not evident in females (Table 3).
This may be due to the misclassification of heterozygous
females with intermediate G6PD activity to the G6PDn
group. The FST typically detects GOPD deficiency at <30%
of normal activity [31, 34], which more reliably identifies
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G6PDd hemizygous males and homozygous females, but
often misses the heterozygous females with intermediate
G6PD activity. Our data indicate that some female patients
carried a significant hemolytic risk even with the low-dose
daily PQ regimen (0.25 mg/kg), necessitating a more sensi-
tive GO6PD test for female patients.

Despite normally low parasitemia, acute vivax malaria is
often associated with anemia, partly due to the destruction of
parasitized RBCs, enhanced elimination of non-parasitized
RBCs, and compromised erythropoiesis [35-37]. In malaria-
endemic areas of Southeast Asia, hemoglobinopathies such
as thalassemia and Hb E are highly prevalent and can also
contribute to lower Hb levels [38, 39]. In the IDP camps,
anemia is prevalent among school-age children, partially
linked to malnutrition and infection with soil-transmitted
helminths [40]. Similarly, 52% of the 152 patients were ane-
mic at enrollment, and 19 patients had Hb levels of <9 g/dL.
Unlike many clinical PQ studies that excluded patients with
moderate-to-high levels of anemia [41], this study included
all P. vivax patients regardless of their G6PD status or Hb
levels (if it was above 7 g/dL), which provided us the oppor-
tunity to follow the risk of AHA in anemic patients. Con-
sistent with earlier hematological studies in vivax malaria
patients [42], we found that both absolute and fractional
Hb reductions after PQ treatment were inversely correlated
with the initial Hb levels at enrollment. Consequently, the
increase in Hb levels in some anemic patients would have
masked the low Hb levels often observed around day 7 [16,
29]. Despite this trend, 42.2% of the 45 patients showing
clinically relevant Hb reductions after PQ treatment were
anemic at enrollment. Thus, a substantial drop of Hb in these
patients would be concerning. Indeed, in four such patients,
Hb fell to <6 g/dL, requiring transfusion. Thus, measuring
Hb levels in combination with G6PD testing before initiat-
ing PQ treatment should be considered. Although the high
prevalence of anemia in the IDP camps may be a unique
situation, the presence of anemia in almost 50% of healthy
school children elsewhere in Myanmar suggests that this
may be a more common phenomenon [43].

This study had several limitations. Since children
(< 18 years) made up 75.7% of the study population, findings
from this study may not be fully extended to adult patients.
While the FST is reliable in identifying male G6PDd
hemizygotes, it is not sensitive to identify female heterozy-
gotes, thus making the comparison within female patients
less accurate. Unfortunately, even with the quantification
of G6PD activity in female heterozygotes of the Mahidol
variant, the risk of PQ-induced AHA cannot be reasonably
predicted [31]. In this study, PQ safety outcome was primar-
ily measured by comparing nadir Hb levels with baseline
Hb levels. Since a meta-analysis of CQ/PQ studies showed
that the nadir Hb typically occurs on day 3 [42], we might
have missed some patients' nadir Hb levels occurring during

@ Springer

the first week. Future studies with more frequent follow-ups
may more accurately detect PQ-induced hemolysis occurring
during the first week of PQ treatment [31, 39, 42]. Also, we
did not account for the prevalent hemoglobinopathies such
as thalassemias and HbE in this region [32]. Vivax patients
with these hemoglobinopathies combined with GO6PD defi-
ciency are at the greatest risk of PQ-induced AHA resulting
from a weekly PQ regimen [39].

Conclusions

This study demonstrated that the standard CQ/PQ treatment
regimen (low-dose PQ) in the absence of G6PD diagnosis
carried a significant risk of AHA in vivax patients where
the G6PD Mahidol variant (mild) is highly prevalent—the
treatment is dangerous in about one of three patients treated.
Whereas G6PD pre-screening with a less-sensitive FST can
prevent most clinically significant falls in Hb and AHA
in male patients, determining the G6PD status in females
demands a more sensitive G6PD test. Regardless of the
treatment regimen, PQ treatment of vivax patients in the
GMS requires medical supervision, especially in popula-
tions with prevalent anemia. For the patient population with
generally low Hb levels at the time of presentation for care,
PQ-induced AHA could be life-threatening. Thus, closely
monitoring patients with anemia at admission also helps to
reduce and prevent clinically dangerous AHA.
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