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of the results. CareStart™ G6PD Rapid Diagnosis Test (RDT) is an enzyme
chromatographic strip test based on reduction of colorless nitro blue tetrazolium
into formazan which gives purple color and the results could be read within 10
minutes.

Accuracy, CareStart™ G6PD RDT,
Fluorescent spot test, G6PD deficiency,
Screening

Objectives: This study aimed to analyze the sensitivity, specificity and accuracy of
CareStart™ G6PD RDT for screening of G6PD deficiency in newborn and subjects
with malaria diagnosis.

Materials and methods: This study was conducted from December 2017 to February
2018. G6PD diagnostic tests including fluorescent spot test and Carestart™ G6PD
RDT were performed in 196 newborns aged varied from 1 day to 12 years and 48
subjects with malaria diagnosis. The efficiency of CareStart™ G6PD RDT was analyzed
by comparing with the reference method, fluorescent spot test.

Results: CareStart™ G6PD RDT demonstrated 100% sensitivity, 100% specificity
and 100% accuracy for screening of G6PD deficiency in malarial diagnosed samples.
However, it presented invalid results up to 27.04% in newborns. Therefore, sensitivity,
specificity and accuracy were not applicable in this group.

Conclusion: CareStart™ G6PD RDT could be used for preliminary screening of
G6PD deficiency in malarial diagnosed samples. However, it should be improved to
reduce the invalid results in newborns.

*  Corresponding author.
Author’s Address: Department of Medical Technology,
Faculty of Associated Medical Sciences, Chiang Mai
University, Chiang Mai Province, Thailand

** E-mail address: : sakornmi001@gmail.com
doi: 10.14456/jams.2019.13
E-ISSN: 2539-6056



80 N. Pienthai et al. Journal of Associated Medical Sciences 2019; 52(1): 79-83

Introduction

Glucose-6-phosphate dehydrogenase (G6PD) deficiency
is the most common enzyme deficiency worldwide and
the best described red blood cell (RBC) enzymopathy. It
is an X-linked recessive disorder affecting about 400 million
people globally with a high prevalence in Sub-Saharan
Africa, Asia, Middle East, Latin America, and the Mediter-
ranean.'? In Thailand, G6PD deficiency can be found in
16.9% of the total population with 11.1% in men and 5.8%
in women.? In addition, the G6PD deficiency occurs most
frequently in areas where malaria has been endemic,
presumably the result of natural selection due to some
degree of protection from malaria infection.**

Most of G6PD deficient individuals are asymptomatic
throughout their lives until or following triggering by agents
such as oxidative drugs, some infections or ingestion of fava
beans.>® G6PD deficiency was discovered half a century ago.
Severe hemolytic anemia may occur in some G6PD deficient
individuals who are treated with anti-malarial drug in group
of 8-aminoquinolines such as primaquine, which is the only
available for radical cure of Plasmodium vivax.” The risk of
primaquine-induced hemolysis in G6PD deficient individuals
is an essential public health concern in malaria endemic
countries, especially in tropical areas.® Even with treatment,
severe malaria has a mortality rate of approximately 10-40%
depending upon the time between initial symptoms and
effective treatment and hospital facilities for the management
of its complications.® In addition, there was a previous report
of recurrent parasitemia of P. vivax within 6 months in 18.3%
patients treated with primaquine (15 mg/day for 14 days).X°
At this dose, malaria-infected patients with G6PD deficiency
could not stand the effect of primaquine, which lead to
hemolysis on G6PD deficient RBCs and eventually forced
the patients to stop taking medicine. Unfortunately, these
series of events result in drug resistance of P. vivax.
Subsequently, World Health Organization (WHO) had
suggested 30 mg/day of primaquine treatment for 14 days
to gain effective cure against P. vivax.!* Thus, the diagnostic
test for G6PD deficiency is necessary for a malaria-infected
patient to prevent the clinical manifestation and mortality.
Moreover, in 2015, WHO recommended screening for G6PD
deficiency before primaquine treatment.?

The most common screening test for G6PD deficiency
is the fluorescent spot test (FST) which had 100% sensitivity
and 98% specificity of detection.?® It was also recommended
by International Committee for Standardization in Hematology
(ICSH) as the most acceptable and reliable screening test
for G6PD deficiency.** This method is easy to perform and
gives a rapid result. However, a source of electricity for an
ultraviolet (UV) light is required. To increase the efficiency
of the G6PD screening test, the Access Bio has developed
a Carestart™ G6PD Qualitative Rapid Diagnostic Test (RDT)
which is based on the reduction of colorless nitro blue
tetrazolium to dark purple color formazan.' It has been
used for screening G6PD deficiency in malaria endemic
areas, including Cambodia,*® Haiti,*® Philippines!® or Southwestern
Uganda. Thus, the aim of this study is to analyze the
sensitivity, specificity and accuracy of CareStart™ G6PD
RDT for preliminary screening of G6PD deficiency in newborn

and malaria diagnosed subjects.

Materials and methods

Study sites and populations

The study was conducted from December 2017 to
February 2018 in Chiang Mai and Mae Hong Son Provinces,
Thailand. Briefly, the 196 EDTA blood samples of newborn
with ages varied from 1 day to 12 years were obtained
from five hospitals (Maharaj Nakorn Chiang Mai Hospital,
Chiang Mai Health Promoting Hospital, Jomthong Hospital,
Hangdong Hospital and Sanpathong Hospital) in Chiang Mai,
Thailand. In addition, the 48 EDTA blood samples of subjects
with malarial diagnosis were obtained from Pai Hospital
and Malaria clinic of Mae Sariang, Mae Hong Son, Thailand.
The study protocol was reviewed and approved by Ethics
Committee of the Faculty of Associated Medical Sciences,
Chiang Mai University, Chiang Mai, Thailand (AMSEC-60EX-014).

Fluorescent spot test

The test was performed according to the ICSH with
a minor modification.'® Briefly, 5 uL blood samples were
transferred into 100 pL of G6PD screening reagent that was
prepared immediately before using. The reactions were then
incubated at 25°C and spotted onto a Whatman filter paper
after incubating for 5, 10 and 15 min. The spots were air-dried
and examined under UV light with a wavelength of 340-365 nm.
The peripheral bloods from G6PD non-deficient and deficient
control samples were included in each assay. Samples were
interpreted as G6PD deficiency when opaque blood spots
were observed under UV light whereas samples with strong
fluorescence on all three spots of 5, 10 and 15 min for
incubation periods were interpreted as G6PD normal. In
addition, samples with a weak fluorescence on three spots
were interpreted as G6PD intermediate.

CareStart™ G6PD RDT

CareStart™ G6PD RDT was provided by the manufacturer
(AccessBio, New Jersey, USA). It is a qualitative enzyme
chromatographic test, based on the reduction of colorless
nitro blue tetrazolium dye to purple colored formazan.
Following the manufacturer’s instruction, 2 uL of EDTA blood
samples were transferred into the sample well and then
two drops of provided buffer were immediately added into
the buffer well. The results were read visually after 10 min. The
purple color appeared on the reading window in samples
with G6PD normal while no color change was observed in
samples with G6PD deficiency. If red color appeared on
the reading window or the blood sample flowed poorly in the
lateral flow, it could not be interpreted and was an invalid
result. The samples with G6PD deficiency and non-deficiency
samples were used as a control when analyzing patient
samples.

Statistical analysis

Data were presented as median and interquartile
range (IQR). Statistical analyses were performed using SPSS
software package (Statistical Package for the Social Sciences
11.0, Chicago, IL, USA). In addition, sensitivity [true positive/
(true positive+false negative)], specificity [true negative/
(true negative+false positive)], positive predictive value
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[true positive/(true positives+false positive)], negative
predictive value [true negative/(true negative+false negative)]
and accuracy [(true positive+true negative)/n] of CareStart™
G6PD RDT were analyzed by using fluorescence spot tests
as the reference method.

Results

Performances of CareStart™ G6PD RDT in newborns
A total of 196 newborns were recruited in this group,
102 males and 94 females. Median age was 4 days (IQR

4-6 days). The test results and efficiency performances
of CareStart™ G6PD RDT compared to fluorescent spot
test are shown in Table 1. Fluorescent spot test showed
168 of G6PD non-deficiency, 24 deficiency and 4 intermediate
samples while Carestart™ G6PD RDT showed 107 of G6PD
non-deficiency, 36 deficiency and also presented the invalid
results up to 27.04% (53 samples). Therefore, the sensitivity,
specificity and accuracy of the CareStart™ G6PD RDT were
not applicable. Prevalence of G6PD deficiency analyzed by
using fluorescent spot test was 12.24% (24 of 196 subjects;
19 males and 5 females) while 4 samples were diagnosed
as G6PD intermediate and all of them were female.

Table 1. Performance of the Carestart™ G6PD RDT compared to fluorescent spot test in newborns.

Fluorescent spot test

Carestart™ RDT Normal Deficiency Intermediate Total Performances

Normal 107 0 0 107  Sensitivity *NA
Deficiency 17 16 3 36  Specificity *NA
Invalid 44 8 1 53  Accuracy *NA
Total 168 24 4 196  Positive predictive value *NA

Prevalence of G6PD deficiency (%)

12.24 Negative predictive value *NA

*NA: Not applicable

Performances of CareStart™ G6PD RDT in subjects with
malaria diagnosis

A total of 48 subjects including 28 males and 20 females
were used for analyzing. The median age was 30 years (IQR
13.5-41.0 years). The prevalence of G6PD deficiency in this
group was 4.17% (2 of 48 subjects). The results of Carestart™
G6PD RDT was similar to those of fluorescent spot test,

including 46 subjects with G6PD non-deficiency (27 males
and 19 females) and 2 subjects with G6PD deficiency
(1 male and 1 female). Moreover, the invalid result of
Carestart™ G6PD RDT was not found in this group. Thus,
sensitivity, specificity and accuracy of the CareStart™ G6PD
RDT were 100% (Table 2).

Table 2. Performance of the Carestart™ G6PD RDT compared to fluorescent spot test in Subjects with malaria diagnosis.

Fluorescent spot test

Carestart™ RDT Normal Deficiency Intermediate Total Performances

Normal 46 0 0 46  Sensitivity 100%
Deficiency 2 0 Specificity 100%
Invalid 0 0 0 0 Accuracy 100%
Total 46 2 0 48  Positive predictive value 100%
Prevalence of G6PD deficiency (%) 4.17 Negative predictive value 100%

Discussion

Many malaria-endemic countries around tropical or
sub-tropical areas are participating in malaria eradication
by 8-aminoquinolines-based drug treatment for transmission
blocking or radical cure from the hypnozoite forms that reside
in the liver which is the cause of malaria relapse. Therefore,
prior to treatment with 8-aminoquinolines-based drugs,
the status of the G6PD deficiency should be considered to
minimize adverse effects such as drug-induced hemolysis
from primaquine in G6PD deficient patients or kernicterus
in newborns. Currently, the reliable G6PD assays require
laboratory equipment and skilled technicians. Therefore,
to assay the G6PD diagnosis of individuals quickly in remote

area without requiring a high level of clinical laboratory
equipment, point-of-care assay, Carestart™ G6PD RDT,
plays an important role to determine which individual can
be treated with 8-aminoquinolines-based drug. Furthermore,
the cost per test of Carestart™ G6PD RDT and Fluorescent
spot test was comparable ($1.5 vs $1.1 USD, respectively).'®
In this study, Carestart™ G6PD RDT had 100% of sensitivity,
specificity and accuracy for screening of G6PD deficiency
in malaria diagnosed subjects while those in newborn was
not applicable because the invalid results were observed
in 27.04% of samples. Thus, it is possible that Carestart™
G6PD RDT is an appropriate and effective tool to determine
the G6PD status in endemic rural area of malaria but not in
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newborns. The current study is consistency with the previous
studies showing that Carestart™ G6PD RDT had a high
sensitivity in determining G6PD deficiency and that it also
could be used for point-of-care testing in malaria endemic
areas.'®20 Nevertheless, the newborns showed invalid
results and that might be due to several causes such as
hematocrit levels or in cases of heterozygous G6PD deficiency
in females. Generally, the hematocrit of newborns is higher
than those of adults. Thus, their blood samples could not
easily flow through the filter paper and that might be a
cause for difficulty in differentiating between the red color
of hemoglobin and the purple color of reduced formazan.
In addition, a relatively poor diagnostic performance among
females due to mosaic G6PD phenotype had been also
reported previously by Satyagraha et al.2!

The present study has some limitations. First the
hematological parameters including hematocrit especially in
newborns were not measured thus a correlation between
hematocrit and invalid results cannot be verified. Second,
the assessment of G6PD enzyme activity which is the gold
standard for identified G6PD deficiency is not performed.
Therefore, G6PD enzyme concentration which is sufficient
to generate purple color of reduced formazan cannot be
analyzed especially in mild forms of G6PD deficiency such
as in heterozygous females and also in invalid samples.

In conclusion, CareStart™ G6PD RDT is relatively
inexpensive, easy to use and requires significantly less-time.
Thus, it can be used in malaria endemic areas before
administering 8-aminoquinoline-based drug to substantially
reduce the risk of adverse treatment outcomes. However,
it should be improved to reduce the invalid results in
newborns.

Conflict of interest

The authors report no conflicts of interest. The authors
alone are responsible for the content and writing of the

paper.

Acknowledgements

The authors thank technicians at Maharajnakornchiangmai
Hospital, Chiang Mai Health Promoting Hospital, Jomthong
Hospital, Hangdong Hospital and Sanpathong Hospital,
Chiang Mai, Thailand and at Pai Hospital and Malaria clinic
of Mae Sariang, Mae Hong Son, Thailand for their help and
assistance. We are also grateful to Kallayanee Treesuwan,
Associated Medical Sciences Clinical Service Center, Faculty of
Associated Medical Sciences, Chiang Mai University, Chiang Mai,
Thailand, for refinement of the English language.

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

Beutler E. G6PD deficiency. Blood. 1994;84(11):
3613-36.

Nkhoma ET, Poole C, Vannappagari V, Hall SA, Beutler E.
The global prevalence of glucose-6-phosphate
dehydrogenase deficiency: a systematic review
and meta-analysis. Blood Cells Mol Dis 2009;
42(3): 267-78.

Nuchprayoon |, Sanpavat S, 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.

Cappellini MD, Fiorelli G. Glucose-6-phosphate
dehydrogenase deficiency. Lancet 2008; 371(9606):
64-74.

Guindo A, Fairhurst RM, Doumbo OK, Wellems TE,
Diallo DA. X-linked G6PD deficiency protects
hemizygous males but not heterozygous females
against severe malaria. PLoS Med 2007; 4(3): e66.

Mehta A, Mason PJ, Vulliamy TJ. Glucose-6-phosphate
dehydrogenase deficiency. Baillieres Best Pract
Res Clin Haematol 2000; 13(1): 21-38.

Watson J, Taylor WR, Menard D, Kheng S, White NJ.
Modelling primaquine-induced haemolysis in G6PD
deficiency. Elife. 2017; 6.

Ley B, Luter N, Espino FE, Devine A, Kalnoky M,
Lubell Y, et al. The challenges of introducing routine
G6PD testing into radical cure: a workshop report.
Malar J 2015; 14: 377.

World Health Organization CDC. Severe falciparum
malaria. Trans R Soc Trop Med Hyg 2000; 94(Suppl 1):
$1-90.

Espino FE, Bibit JA, Sornillo JB, Tan A, von Seidlein L,
Ley B. Comparison of Three Screening Test Kits for
G6PD Enzyme Deficiency: Implications for Its Use
in the Radical Cure of Vivax Malaria in Remote
and Resource-Poor Areas in the Philippines. PLoS
One 2016; 11(2): e0148172.

WHO. Guidelines for the treatment of malaria.
Third ed. Geneva2015. 316 p.

MPAC. Point—of—care G6PD testing to support
safe use of primaquine for the treatment of vivax
malaria, WHO. Geneva, Switzerland:. 2015.

Kaplan M, Leiter C, Hommerman C, Rudensky B.
Comparison of commercial screening tests for
glucose-6-phosphate dehydrogenase deficiency
in the neonatal period. Clin Chem 1997; 43(7):
1236-7.

Beutler E, Blume KG, Kaplan JC, Lohr GW, Ramot B,
Valentine WN. International Committee for Standardization
in Haematology: recommended screening test for
glucose-6-phosphate dehydrogenase (G-6-PD) deficiency.
Br J Haematol 1979; 43(3): 465-7.



(15]

(16]

(17]

(18]

N. Pienthai et al. Journal of Associated Medical Sciences 2019; 52(1): 79-83 83

Kim S, Nguon C, Guillard B, Duong S, Chy S, Sum S,
et al. Performance of the CareStart G6PD deficiency
screening test, a point-of-care diagnostic for primaquine
therapy screening. PLoS One 2011; 6(12): e28357.

von Fricken ME, Weppelmann TA, Eaton WT,
Masse R, Beau de Rochars MV, Okech BA. Performance
of the CareStart glucose-6-phosphate dehydrogenase
(G6PD) rapid diagnostic test in Gressier, Haiti. Am
J Trop Med Hyg 2014; 91(1): 77-80.

Roh ME, Oyet C, Orikiriza P, Wade M, Mwanga-
Amumpaire J, Boum Y, 2nd, et al. Screening for
Glucose-6-Phosphate Dehydrogenase Deficiency
Using Three Detection Methods: A Cross-Sectional
Survey in Southwestern Uganda. Am J Trop Med
Hyg 2016; 95(5): 1094-9.

Tripatara A. Diagnosis of G6PD deficiency. In:
Fucharoen G, Sanchaisuriya E, editors. Laboratory
tests for red blood cell abnormalities. 3™ ed. Division
of Clinical Microscopy, Faculty of Medical Technology,
Khon Kaen University, Khon Kaen; 2003: 105-13.

[19] 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.

[20] Burka ER. Infectious disease: a cause of hemolytic
anemia in glucose-6 phosphate dehydrogenase
deficiency. Ann Intern Med.1969; 70(1): 222-5.

[21] Satyagraha AW, Sadhewa A, Elvira R, Elyazar I,
Feriandika D, Antonjaya U, et al. Assessment of
Point-of-Care Diagnostics for G6PD Deficiency in
Malaria Endemic Rural Eastern Indonesia. PLoS
Negl Trop Dis 2016; 10(2): e0004457.



