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point-of-care, newborns. Objectives: This study aimed to compare the diagnostic performance of three

rapid screening tests for G6PD deficiency in newborns: the fluorescent spot
test (FST), G6PD rapid test kit, and SD Biosensor, using spectrophotometry as
the gold standard.

Materials and methods: Blood samples from 70 newborns were tested using
these three methods. The diagnostic performances, including sensitivity,
specificity, positive predictive value (PPV), negative predictive value (NPV),
and efficiency of each method were analyzed.

Results: Both the FST and G6PD rapid test kit exhibited higher specificity, PPV,
and efficiency compared to the SD Biosensor. Nonetheless, the SD Biosensor
exhibited superior sensitivity and NPV, but it was unable to identify G6PD
activity in 16.4% of instances due to elevated hemoglobin concentrations.

Conclusion: The FST and G6PD rapid test kit are reliable and suitable for
G6PD deficiency screening in newborns, especially in settings with limited
resources, due to their high efficiency, specificity, and rapid results. The SD
Biosensor remains a valuable toolin clinical contexts requiring high sensitivity.
For newborns with high hemoglobin levels, the FST or G6PD rapid test is
recommended for accurate screening. Further studies with larger sample sizes
are necessary to confirm the reliability of these tests in diverse populations.

Introduction

Glucose-6-phosphate dehydrogenase (G6PD)
deficiency is the most prevalent human enzyme
deficit, exhibiting an X-linked recessive inheritance
pattern, affecting over 400 million individuals globally,
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a significant prevalence of G6PD deficiency, impacting
roughly 16.9% of the population.*” The previous reports
revealed that the prevalence of GE6PD deficiency among
neonates at Rajavithi Hospital Bangkok, Thailand from
May 1995 to July 1998 was 5.1%7 and at King Memorial
Chulalongkorn Hospital, Bangkok, Thailand from
February to August 2021 was 6.5%.8

G6PD plays a crucial role in the first step of the
hexose monophosphate pathway, also known as the
pentose phosphate pathway (PPP). In this process,
G6PD converts glucose-6-phosphate (G-6-P) into
6-phosphogluconolactone (6-PG), while also reducing
nicotinamide adenine dinucleotide phosphate (NADP)
to NADPH. In red blood cells, the PPP is the only source
of NADPH, which is vital for protecting the cells from
oxidative damage. This protection is mainly carried out
by glutathione in its reduced form (GSH). The NADPH
is essential for the regeneration of GSH by the enzyme
glutathione reductase. Therefore, the primary function
of NADPH in red blood cells is to maintain the reduced
state of glutathione, which helps prevent oxidative
damage to the cells. Individuals with deficiency are
particularly susceptible to hemolytic events during
infections or after exposure to fava beans and certain
medications.® The G6PD deficiency in newborns
presents anincreased risk of hyperbilirubinemia, which
may rapidly escalate and lead to bilirubin-induced
neurologic dysfunction (BIND), potentially resulting in
kernicterus, a permanent and devastating neurological
damage. Therefore, screening for G6PD deficiency and
close monitoring of affected infants are important.™

Bilirubin is primarily produced from the breakdown
of hemoglobin in red blood cells. While small amounts of
bilirubin serve as antioxidants, excessive accumulation
can be cytotoxic, necessitatingtimely excretionfromthe
body." In neonates, bilirubin production is significantly
higher than in adults due to the higher turnover and
shorter lifespan of their erythrocytes.'?> However, their
ability to eliminate bilirubin is less efficient than that of
adults.”™ The combination of high bilirubin production
and limited elimination capacity puts newborns at
risk of developing neonatal hyperbilirubinemia, which
if severe and untreated, can lead to kernicterus.™
Fortunately, kernicterus is almost always preventable,
but it requires timely and accurate detection of
hyperbilirubinemia in newborns.” One of the most
common causes of neonatal hyperbilirubinemia is
G6PD deficiency.'®

In hospital laboratories, the measurement of G6PD
enzyme levels in blood for diagnosing G6PD deficiency
can be performed using several methods. The gold
standard for quantifying G6PD activity in red blood cells
isthe spectrophotometric assay, which measures G6PD
activity by detecting the formation of NADPH, based on
the difference in absorbance of the sample at 340 nm
over time."”"® However, due to various limitations, such
as budget constraints, many hospitals are unable to
perform enzyme activity tests for G6PD deficiency using

standard methods. In several hospitals, the fluorescent
spot test (FST), which is endorsed by the International
Committee of Standardization in Hematology (ICSH)'°,
is still commonly used as a reliable screening method
for G6PD deficiency. Additionally, many hospitals are
increasingly adopting rapid test and biosensor devices
for G6PD screening. In particular, the biosensor,
which allows for quantitative measurement of G6PD
enzyme levels, has gained prominence in screening
practices. The SD Biosensor (STANDARD G6PD test,
Suwon, Korea) is a new point-of-care device that
provides a quantitative G6PD measurement, adjusted
for hemoglobin levels, making it accessible for use
in smaller clinics and laboratories.?*?' Nevertheless,
there is still limited research on the effectiveness of
biosensor and rapid test methods. Further studies are
needed to evaluate the accuracy and efficiency of these
methods for G6PD deficiency screening, to establish
their reliability as standard diagnostic tools. The aim of
this study is to evaluate the efficacy of three rapid test
kits for screening G6PD deficiency in neonates: FST,
G6PD rapid test kit, and SD Biosensor, utilizing data
from the spectrophotometry method as the reference.

Materials and methods
Blood samples

At Nakornping Hospital, 0.5 mL whole blood samples
of newborns were collected in ethylenediaminetetraacetic
acid (EDTA) anticoagulated tubes. The G6PD activity
was measured using the G6PD kit (GPD0204, Mindray,
Shenzhen, China) and an automated UV enzymatic
analyzer (BS-360E, Mindray). The principle of the test
kit is mainly based on light absorption. The NADP is
reduced to NADPH by G6PD with the presence of its
specific substrate, G-6-P. The enzyme activity can be
determined by measuring the changes in absorbance
rate at 340 nm due to the reduction of NADP. Based on
the manufacturer’s instructions, the blood samples
which had G6PD enzymatic activity <3.8 U/gm Hb
were diagnosed as G6PD deficiency. This technique
was used as a reference method. The over-left blood
samples were aliquoted into microcentrifuge tubes
and sent to the Associated Medical Sciences-Clinical
Service Center (AMS-CSC), Chiang Mai University,
Chiang Mai, Thailand. The whole blood samples were
stored in a refrigerator at 4 °C until used. The samples size
was calculated using the Yamane’s formula?? as follow:

n=N/(1+Ne?

n: represents the required sample size.

N: represents the total population size of neonates
requiring G6PD activity assessment at Nakornping
Hospital each month (83 samples).

e: represents the desired margin of error (0.05).

The required sample size (n) was 69 samples. As
a result, whole blood samples from 70 babies were
taken for this study and the flowchart illustrating the
experimental process is shown in Figure 1.
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Figure 1. The flowchart illustrating the experimental process.

G6PD activity measurement using the SD Biosensor

The principle of SD Biosensor (STANDARD G6PD
test, Suwon, Korea) is based on a colorimetric detection
system for the automatic calculation of G6PD activity
on the code chip for each test device. G6PD catalyzes
the first step in the PPP, oxidizing G-6-P to 6-PG and
reducing NADP to NADPH. When NADPH is generated
by G6PD, the 5-bromo-4-3-indolyl-phosphate (BCIP)
and nitro blue tetrazolium (NBT) are reduced by the
diaphorase reaction to yield a violet color. The rate of
the color production is directly proportional to the
concentration of G6PD present in the specimen. The
color intensity can be measured through reflectance
photometry of the reduced BCIP and NBT. For the
test, begin by removing the chip and inserting it into
the device. Pipette 10 pL of whole blood using a
STANDARD Ezi tube+ into the buffer tube that contains
the extraction buffer. Mix with the STANDARD Ezi tube+
8-10 times. Then, apply 10 pL of the mixed specimen
using the STANDARD Ezi tube+ to the application hole
of the test device. The result will appear on the screen
after 2 minutes. The measuring ranges of the tests were
as follows: total Hb 4-25 gm/dL and G6PD 0-20 U/g Hb.
Interpretation of the test results was done according
to the manufacturers’ reference ranges: G6PD activity
<4.0 U/g Hb was interpreted as G6PD deficiency for
both males and females, G6PD activity 24.1 U/gm Hb
was interpreted as normal for males while G6PD activity
between 4.1 and 6.0, and 26.1 U/gm Hb was interpreted
as G6PD intermediate and normal, respectively for
females.

Detection of G6PD deficiency using the fluorescent
spot test (FST)

The principle of FST is based on the G6PD
enzyme’s ability to oxidize G-6-P into 6-PG and reduce
NADP to NADPH. The amount of NADPH generated
is directly proportional to G6PD activity, observable

through its fluorescence when excited by UV light at
340 nm.2 For the test, 5 uL of whole blood was pipetted
into test tube that contained 100 pL of G6PD screening
reagent (Sigma-Aldrich, MO, USA) and positive control
tube that contained 100 pL of NADP free reagent.
The reagents were incubated at room temperature, and
10 pL of the mixture was spotted onto Whatman filter
paper after incubation for 5 and 15 minutes. The spots
were air-dried and then examined under ultraviolet light
with a wavelength range of 340 nm. The blood samples
with control reagent showed no fluorescence. Positive
results, indicating G6PD deficiency, occur when the
spot shows no fluorescence at both 5 and 15 minutes.
Negative results, indicating normal G6PD activity, are
determined when the spot fluoresces under UV light
at both 5 and 15 minutes. In addition, the intermediate
G6PD activity can be interpreted when the spot shows no
fluorescence at 5 minutes but fluorescence at 15 minutes

Detection of G6PD deficiency using G6PD rapid test kit

The principle of GEPD rapid test kit (Hysen Biotech,
Seoul, South Korea) is based on the G-6-P substrate
colorimetric method. In the presence of NADP, G-6-P
is oxidized by G6PD enzyme in the sample, resulting in
the production of 6-PG and NADPH. The light yellow
NBT is reduced to insoluble blue-purple crystalline
formazan in the reaction between NADPH and phenazine
methosulfate (PMS). The experiment was conducted
in accordance with the manufacturer’s instructions.
Specifically, 300 pL of buffer was introduced into the tube
containing the reagent pad, which was subsequently
shaken to dissolve the colored substance from the pad
into the buffer. Following this, 10 pL of whole blood
samples were added to the tube. The sample-reagent
mixture was incubated for 10 minutes. The card was
then taken out and the reacted buffer was deposited
into the designated hole of the card. After approximately
1 minute, the liquid was fully absorbed, allowing for
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resultinterpretation. Positive results, indicative of GGPD
deficiency, manifest as pink, white, or yellow coloration
in the center of the card. Conversely, negative results,
signifying normal G6PD activity, present as blue, blue-
purple, or black coloration in the center of the detection

Efficiency = (true positive + true negative)/(true positive
+ true negative + false positive + false negative) x 100%

Results
Venous blood samples in EDTA anticoagulated

card. tubes were collected from 70 newborns for this study.
Their characteristics and hematological data, including

Statistical analysis total Hb and reticulocyte counts and G6PD enzymatic
Statistical analyses were performed using activity assessed by gold standard method are shown in

Microsoft Excelversion 2021. The sensitivity, specificity,
positive predictive value (PPV), negative predictive value
(NPV), and efficiency of each approach were estimated
based on the definitions of positive and negative
results, which correspond to G6PD deficient and non-
deficient outcomes, respectively. The formulas were as
follows:

Sensitivity = true positive/(true positive + false
negative) x 100%

Specificity = true negative/(true negative + false
positive) x 100%

Positive predictive value (PPV) = true positive/(true
positives + false positive) x 100%

Negative predictive value (NPV) = true negative/(true
negative + false negative) x 100%

Table 1. Based on the ultraviolet (UV) spectrophotometric
method, a gold standard method, the G6PD deficiency
was found in 22 (31.4%) newborns, while 48 (68.6%)
newborns had normal G6PD enzyme activity.

The screening results for G6PD deficiency using
the FST and G6PD rapid test kit of 70 newborns showed
identical outcomes, detecting G6PD deficiency in
22 newborns, while 48 newborns had normal G6PD
enzyme activity. Among those, there was one false
positive and one false negative case. Thus, the
sensitivity, specificity, PPV, NPV, and efficiency were
calculated, with the results shown in Table 2.

Among the 70 samples, the SD Biosensor was
conducted on 67 neonates due to insufficient blood
samples from three individuals for testing. Moreover,

Table 1. Characteristics and hematological data of samples.

Characteristics and hematological data (N=70)

Reference ranges

Age (days) 3.56%£2.9(1-17) 1-28

Gender: Male/Female 45/25

Total Hb (g/dL) 17.3+2.3(11.5-21.9) 17.0-20.0

Reticulocyte counts (%) 5.0+1.9 (1.7-8.9) 2.0-6.0

G6PD activity measured by gold standard method (U/gm Hb) 18.6+12.9 (1.3-45.5) =23.8

Note: The values are presented as mean=SD (ranges).
Table 2. Performances of three methods.
Reference Method Sensitivity  Specificit PPV NPV L
Deficiency Normal Total (%) v (%) ! (%) (%) Efficiency

FST (N=70)
Deficiency 21 1 22
Normal 1 47 48 95.4 97.9 95.4 979 97.1
Total 22 48 70
G6PD rapid test kit (N=70)
Deficiency 21 1 22
Normal 1 47 48 95.4 97.9 95.4 979 97.1
Total 22 48 70
SD Biosensor (N=56)
Deficiency 20 4 24
Normal 0 32 32 100.0 88.9 83.3 100.0 92.8
Total 20 36 56
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results were indeterminate for 11 of 67 (16.4%)
individuals because their total Hb levels exceeded the
upperdetectable limits (>25gm/dL) of the SD Biosensor.
Based on the gold standard method, 36 of 56 remaining
samples had normal G6PD enzyme activity and 20 were
G6PD deficiency.

The G6PD deficiency analysis conducted by SD
Biosensor revealed that 32 samples had normal G6PD
enzyme activity, while 20 samples demonstrated G6PD
deficiency. Furthermore, one female identified by SD
Biosensor demonstrated intermediate enzyme activity
(4.7 u/gm Hb). However, the reference method lacks
a defined threshold for intermediate activity, and the
G6PD enzyme activity of this sample, analyzed by the
gold standard method at 30.3 U/g Hb, was within normal
values. Consequently, this case was categorized
into the G6PD false positive group for performance
evaluations. Additionally, three other false positive
cases were identified by SD Biosensor. Thus, the
sensitivity, specificity, PPV, NPV, and efficiency were
calculated, with the results presented in Table 2.

The performances of each test were analyzed by
using the diagnostic results obtained from the gold
standard method as references. The results showed
that the FST and G6PD rapid test kit had a higher
specificity, PPV, and efficiency than the SD Biosensor.
However, the former methods had a lower sensitivity
and NPV than the later method (Table 2).

Discussion

In this study, we evaluated the performance of FST
(Sigma-Aldrich), G6PD rapid test kit (Hysen Biotech),
and SD Biosensor (STANDARD™ G6PD Test) for
screening G6PD deficiency in newborns by comparing
their diagnostic results with those of enzymatic assay,
which is considered the gold standard method. The
results indicated that both FST and the G6PD rapid
test kit exhibited higher specificity, PPV and efficiency
compared to the SD Biosensor (Table 2). In contrast,
the SD Biosensor demonstrated the highest sensitivity
and NPV (Table 2), consistent with previous studies
on biosensor-based methods. Pal et al found that
the SD Biosensor performed similarly to a reference
assay, with a sensitivity of 95.5-100% and specificity of
97%, making it a reliable option for diagnosing G6PD
deficiency in both males and females across diverse
clinical settings, including resource-limited areas.?
Similarly, the study by Adu-Gyasi et al. reported that
the CareStart G6PD deficiency RDT, a biosensor-based
method, demonstrated a sensitivity of 100% and a
specificity of 72.1%.2* In the present study, the overall
detection rate of the SD Biosensor was 83.6% for all
neonates, with 11 tests (16.4%) failing to detect G6PD
activity due to high Hb levels. This failure is particularly
relevantin newborns, who tend to have higher Hb levels
that exceed the detectable range of the SD Biosensor
(Hb 4-25 gm/dL). An elevated Hb level (>25 gm/dL) not
only affects the absorbance of the colorimetric reaction

but can also retard the rate of G6PD enzymatic activity,
potentially leading to false positive results as found in
four cases (1 intermediate and 3 deficiencies) (Table
2). The G6PD activity in these four cases, as evaluated
by the reference method, exceeded the cutoff value
(3.8 U/g Hb) for G6PD deficiency, ranging from 19.1 to
30.3 U/g Hb. Consequently, to prevent uncorrected
outcomes, the device displayed unanalyzed results
in samples with elevated Hb levels, as observed in
11 samples. This makes it less optimal for use as a
screening tool in newborns, as accurate screening in
this population is crucial. Despite these limitations,
the SD Biosensor remains a viable option for detecting
G6PD deficiencyin other contexts where high sensitivity
is essential. However, additional confirmation may be
required to avoid false positives.

Both the FST and G6PD rapid test kit are highly
suitable for clinical use due to their excellent
specificity, PPV, and efficiency; ease of use; and quick
turnaround times, approximately 20 minutes and 15
minutes, respectively, for each sample. These methods
are particularly advantageous in settings where rapid
screening and diagnosis are required, such as newborn
care or regions with limited healthcare access.

Several studies have evaluated the performance
of the FST in screening for G6PD deficiency. Jiang et
al confirmed that the FST is a reliable and convenient
screening method, demonstrating high sensitivity (92-
100%) and specificity (98%).?® Similarly, Keihanian
et al. reported that the FST performed well in clinical
settings, with a sensitivity of 91.4%, specificity of
99.9%, NPV of 99.4%, and PPV of 97.7%.% Overall,
these studies indicate that the FST provides acceptable
sensitivity and specificity for detecting G6PD activity
in newborns. However, there are certain challenges
with this approach. For example, the process requires
scientific expertise and UV light.

A study by Tinley et al. evaluated the BinaxNOW’
G6PD test, a rapid qualitative enzyme chromatographic
test (ECT) that detects G6PD activity by reducing nitro
blue tetrazolium dye to a blue formazan product, like
the G6PD rapid test kit. The test demonstrated high
sensitivity (98%) and specificity (97-98%).%’

In clinical settings, the enzymatic assay remains
the gold standard for confirming G6PD deficiency.?®
However, for hospitals with limited equipment or
resources, both FST and the G6PD rapid test kit are
reliable alternatives. They provide high sensitivity
and specificity, and their quick results make them
an excellent choice for rapid screening in newborn
care settings. On the other hand, the G6PD rapid
test kit offers a faster turnaround time compared to
FST, making it an attractive option for hospitals with
budgetary constraints. Furthermore, even though FST is
a qualitative method, it can potentially identify samples
with G6PD intermediate activity. Consequently, in clinical
practice, the G6PD test should be initially conducted
using the FST or G6PD rapid test kit, followed by
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quantification of G6PD enzymatic activity in deficient
samples using the SD Biosensor or an automated UV
enzymatic analyzer at the central laboratory.

Limitations

The limitation of this study is a small sample size
(70 newborns), which may limit the generalizability
of the results to larger or more diverse populations.
Therefore, to verify the validity of these tests across
a range of demographics, more research with larger
sample sizes and/or a multi-center study is required.

Conclusion

The FST and G6PD rapid test kit are reliable and
suitable for G6PD deficiency screening in newborns,
especially in settings with limited resources, due to
their high efficiency, specificity, and rapid results.
The SD Biosensor remains a valuable tool in clinical
contexts requiring high sensitivity. For newborns with
high hemoglobin levels, FST and G6PD rapid test kit are
recommended for accurate screening. Further studies
with larger sample sizes are necessary to confirm the
reliability of these tests in diverse populations.

Ethical approval

This study was approved by the Ethics Committee
of the Faculty of Associated Medical Sciences at
Chiang Mai University (approval No. AMSEC67EM-035).
In addition, it was also subsequently submitted to the
Nakornping Hospital Ethics Committee for approval
regarding research involving human subjects (approval
No. NKP165/67).

Funding

This this work was supported by a part of the
research grant from the Faculty of Associated Medical
Sciences, Chiang Mai University, Thailand.

Conflict of interest
The authors state no conflict of interests.

CRediT authorship contribution statement

Jiranan Neamyanon: conceptualization, investigation,
methodology, writing original draft; Aungkana Saejeng:
conceptualization, resources, review and editing;
Phaithoon Wongwian: blood and data collections,
investigation, review and editing; Suparporn Kiti: blood
and data collections, investigation, review and editing;
Satitpong Nanijai: blood and data collections, investigation,
review and editing; Thaworn Jaiyasen: blood and data
collections, investigation, review and editing; Sakorn
Pornprasert: conceptualization, project administration,
validation, writing, reviewing and editing.

Acknowledgements
The authors thank the technicians at the Associated
Medical Sciences Clinical Service Center, Faculty of

Associated Medical Sciences, Chiang Mai University,
and the Department of Laboratory, Nakornping Hospital,
Chiang Mai, Thailand for their assistance. This study
was supported by grants from the Faculty of Associated
Medical Sciences, Chiang Mai University, Chiang Mai,
Thailand.

References

[1] Cappellini MD, Fiorelli G. Glucose-6-phosphate
dehydrogenase deficiency. Lancet. 2008; 371
(9606): 64-74. doi: 10.1016/S0140-6736(08)60073-2.

[2] Vulliamy T, Othman A, Town M, Nathwani A, Falusi
A, Mason P, et al. Polymorphic sites in the African
population detected by sequence analysis of the
glucose-6-phosphate dehydrogenase gene outline
the evolution of the variants A and A-. Proc Natl
Acad Sci U S A. 1991; 88(19): 8568-71. doi:
10.1073/pnas.88.19.8568.

[3] Howes RE, Battle KE, Satyagraha AW, Baird JK,
Hay Sl. G6PD deficiency: global distribution,
genetic variants and primaquine therapy. Adv
Parasitol. 2013; 81: 133-201. doi: 10.1016/B978-0-
12-407826-0.00004-7.

[4] Nuchprayoonl, SanpavatS, Nuchprayoon S. Glucose-
6-phosphate dehydrogenase (G6PD) mutations in
Thailand: G6PD Viangchan (871G>A) is the most
common deficiency variant in the Thai population.
Hum Mutat. 2002; 19(2): 185. doi: 10.1002/humu.9010.

[5] Nuinoon M, Krithong R, Pramtong S, Sasuk P,
Ngeaiad C, Chaimusik S, et al. Prevalence of G6PD
deficiency and G6PD variants amongst the southern
Thai population. Peer J. 2022; 10:¢14208. doi:
10.7717/peerj.14208.

[6] Charoenkwan P, Tantiprabha W, Sirichotiyakul
S, Phusua A, Sanguansermsri T. Prevalence and
molecular characterization of glucose-6-phosphate
dehydrogenase deficiency in northern Thailand.
Southeast Asian J Trop Med Public Health. 2014;
45(1): 187-93.

[7] RatrisawadiV, HorpaopansS, Chotigeat U, Sangtawesin
V, Kanjanapattanakul W, NingsanondV, et al. Neonatal
screening program in Rajavithi Hospital, Thailand.
Southeast Asian J Trop Med Public Health. 1999;
30 (Suppl 2):28-32.

[8] Pimpakan T, Mungkalasut P, Tansakul P, Chanda
M, Jugnam-Ang W, Charucharana S, et al. Effect of
neonatal reticulocytosis on glucose 6-phosphate
dehydrogenase (G6PD) activity and G6PD deficiency
detection: a cross-sectional study. BMC Pediatr.
2022;22(1): 678. doi: 10.1186/s12887-022-03740-1.

[91 WHO. Glucose-6-phosphate dehydrogenase
deficiency. WHO Working Group. Bull World Health
Organ. 1989; 67(6): 601-11.

[10] Lee HY, Ithnin A, Azma RZ, Othman A, Salvador A,
Cheah FC. Glucose-6-phosphate dehydrogenase
deficiency and neonatal hyperbilirubinemia: insights
on pathophysiology, diagnosis, and gene variants
in disease heterogeneity. Front Pediatr. 2022; 10:



Neamyanon J. et al. Journal of Associated Medical Sciences 2026; 59(1): 47-53 53

875877. doi: 10.3389/fped.2022.875877.

[11] Stocker R, Yamamoto Y, McDonagh AF, Glazer AN,
Ames BN. Bilirubin is an antioxidant of possible
physiologicalimportance.Science.1987;235(4792):
1043-6. doi: 10.1126/science.3029864.

[12] Brouillard RP. Measurement of Red Blood Cell
Life-Span. JAMA. 1974; 230(9): 1304-5.

[13] Dennery PA, Seidman DS, Stevenson DK. Neonatal
hyperbilirubinemia. N Engl J Med. 2001; 344(8):
581-90. doi: 10.1056/NEJM200102223440807.

[14] Ip S, Chung M, Kulig J, O’Brien R, Sege R, Glicken
S, et al. An evidence-based review of important
issues concerning neonatal hyperbilirubinemia.
Pediatrics. 2004; 114(1): e130-53. doi: 10.1542/
peds.114.1.e130.

[15] Liu H, Liu W, Tang X, Wang T. Association between
G6PD deficiency and hyperbilirubinemia in neonates:
a meta-analysis. Pediatr Hematol Oncol. 2015;
32(2): 92-8. doi: 10.3109/08880018.2014.887803.

[16] HuangCS, Chang PF,HuangMJ,ChenES, Chen WC.
Glucose-6-phosphate dehydrogenase deficiency,
the UDP-glucuronosyl transferase 1A1 gene,
and neonatal hyperbilirubinemia. Gatroenterology.
2002;123(1):127-33.d0i:10.1053/gast.2002.34173.

[17] Ley B, Bancone G, von Seidlein L, Thriemer K,
Richards JS, Domingo GJ, et al. Methods for the
field evaluation of quantitative G6PD diagnostics:
a review. Malar J. 2017; 16(1): 361. doi: 10.1186/
$12936-017-2017-3.

[18] Pfeffer DA, Ley B, Howes RE, Adu P, Alam MS, Bansil
P, et al. Quantification of glucose-6-phosphate
dehydrogenase activity by spectrophotometry: A
systematic review and meta-analysis. PLoS Med.
2020;17(5):e1003084.doi: 10.1371/journal.pmed.
1003084.

[19] Saejeng A, Khantikul N, Boonin P, Anantasuk P, Srithep
S, Pornprasert S. Modified Fluorescent Spot Test
for screening G6PD deficiency among malaria
patients in remote health care services, Northern
Thailand. LPHJ. 2018; 14(2): 12-21.

[20] Pal S, Bansil P, Bancone G, Hrutkay S, Kahn M,
Gornsawun G, et al. Evaluation of a Novel 1
Quantitative Test for Glucose-6-Phosphate

Dehydrogenase Deficiency: Bringing Quantitative
Testing for Glucose-6-Phosphate Dehydrogenase
Deficiency Closer to the Patient. Am J Trop Med
Hyg. 2019; 100(1): 213-21. doi: 10.4269/ajtmh.
18-0612.

[21] Sadhewa A, Satyagraha AW, Alam MS, Adissu W,
Anvikar A, Bancone G, et al. Performance of
quantitative point-of-care tests to measure G6PD
activity: An individual participant data meta-analysis.
PLoS Negl Trop Dis. 2025; 19(3): e0012864. doi:
10.1371/journal.pntd.0012864.

[22] Yamane T. Statistics: An Introductory Analysis. 3"
ed. New York: Harper and Row; 1973.

[23] Beutler E, Blume KG, Kaplan JC, Lohr GW, Ramot
B, Valentine WN. International Committee for
Standardization in Haematology: recommended
screening test for glucose-6-phosphatedehydrogenase
(G-6-PD) deficiency. Br J Haematol. 1979; 43(3):
465-7. doi: 10.1111/j.1365-2141.1979.tb03774 .x.

[24] Adu-Gyasi D, Asante KP, Newton S, Dosoo D, Amoako
S, Adjei G, et al. Evaluation of the diagnostic
accuracy of CareStart G6PD deficiency Rapid
Diagnostic Test (RDT) in a malaria endemic area in
Ghana, Africa. PLoS One. 2015; 10(4): e0125796.
doi: 10.1371/journal.pone.0125796.

[25] Jiang J, Ma X, Song C, Lin B, Cao W, Wu S, et al.
Using the fluorescence spot test for neonatal
screening of G6PD deficiency. Southeast Asian J
Trop Med Public Health. 2003; 34 (Suppl 3): 140-2.

[26] Thielemans L, Gornsawun G, Hanboonkunupakarn
B, Paw MK, Porn P, Moo PK, et al. Diagnostic
performances of the fluorescent spot test
for G6PD deficiency in newborns along the
Thailand-Myanmar border: A cohort study. Wellcome
Open Res. 2018; 3(1). doi: 10.12688/wellcome-
openres.13373.1.

[27] Tinley KE, Loughlin AM, Jepson A, Barnett ED.
Evaluation of a rapid qualitative enzyme
chromatographic test for glucose-6-phosphate
dehydrogenase deficiency. Am J Trop Med Hyg.
2010; 82(2): 210-4. doi: 10.4269/ajtmh.2010.
09-0416.



