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Abstract. Neonatal screening for G6PD deficiency haslong been established in many countries. The
aim of the study was to determine whether the routine semiquantitative fluorescent spot test could
detect all cases of G6PD deficiency, including those cases with partial deficiency (residual red cell
G6PD activity between 20-60% of normal). We compared the results of G6PD screening by the
semiquantitative fluorescent spot test and quantitative G6PD activity assay on a group of 976 neo-
nates and 67 known female heterozygotes. The values for mean G6PD activity of G6PD-normal
neonates and 293 healthy adult females were determined. There was no significant difference in the
mean normal G6PD activity between thetwo racia groupsin the neonates (669 Malays, 307 Chinese)
and in the 293 healthy adult females (150 Malays, 143 Chinese) group. The valuesfor the upper limits
of total deficiency (20% of normal residual activity) for neonates and adult females were 2.92 U/gHb
and 1.54 U/gHb, respectively. The upper limits of partial deficiency (60% of normal residual activity)
were 8.7 U/gHb and 4.6 U/gHb respectively. The prevalence of G6PD deficiency among the male
neonates was 5.1% (26) by both the fluorescent spot test and the enzyme assay method. The G6PD
activity levels of al 26 cases of G6PD-deficient male neonates were <20% normal (severe enzyme
deficiency). In the female neonate group, the frequency of G6PD deficiency was 1.3% (6 of 472) by
the fluorescent spot test and 9.35% (44 of 472) by enzyme assay. The 6 cases diagnosed as deficient
by the fluorescent spot test showed severe enzyme deficiency (<2.92 U/gHb). The remaining 38
female neonates had partial enzyme deficiency and all were misdiagnosed as normal by the fluores-
cent spot test. I1n the femal e heterozygote group, G6PD deficiency was diagnosed in 53% (35 of 67)
by enzyme assay and in 7.5% (4 of 67) of cases by the fluorescent spot test. The 4 cases detected by
fluorescent spot test had severe enzyme deficiency (<1.6 U/gHb). The remaining 31 (46.3%) cases,
diagnosed as normal by fluorescent spot test, showed partial G6PD deficiency. In conclusion, we
found that the semiquantitative fluorescent spot test could only diagnose cases of total G6PD defi-
ciency and misclassified the partially-deficient cases as normal. In this study, the overall prevalence
of G6PD deficiency was 3.28% by the semiquantitative fluorescent spot test and 7.17% by enzyme
assay. This means that 3.9% of G6PD-deficient neonates were missed by the routine fluorescent spot
test and they were found to be exclusively females. This study demonstrates a need to use a method
that can correctly classify female heterozygotes with partial G6PD deficiency. The clinical implica-
tion is that these individuals may be at risk of the hemolytic complication of GEPD deficiency.

INTRODUCTION duction of NADPH required for detoxification of
toxic products of oxidative stress. G6PD defi-
ciency isthe commonest enzymopathy in humans,

estimated to affect 400 million individualsworld-

Glucose-6-phosphate dehydrogenase (G6
PD) is an important enzyme in the hexosemono-

phosphate shunt and plays a key role in the pro-
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wide. It has a wide geographical distribution,
reaching high frequenciesin certain parts of Af-
rica, the Mediterranean and Asia. Although most
individual s are asymptomatic, the clinical impor-
tanceisthat exposure of G6PD-deficient individu-
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alsto oxidative stressmay resultin hemolytic ane-
mia, and that G6PD-deficient neonatesare at risk
of severe hyperbilirubinemia with subsegquent
complications of kernicterus (Meloni et al, 1983;
Fok and Lau, 1986).

The diagnosis of G6PD deficiency can be
made easily by semiquantitative tests or by
quantitation of red cell enzyme activity. The
broad geographical distribution of this defect and
the high prevalence in developing countries
makes it important for many countries to adapt
tests that are simple and inexpensive. The
semiquantitative fluorescent spot test described
by Beutler (1966a,b) and subsequently modified
(Beutler and Mitchell, 1968) is widely used for
diagnosis and population screening. Screening
testsaim at classifying subjects as G6PD-normal
or G6PD-deficient and therefore, reliably detect
hemizygous males (and homozygousfemales). It
isknown that semiquantitative screening testsare
not reliable in detecting heterozygous females
whose overall residual red cell G6PD level may
be normal or deficient. Many female heterozy-
gotes may have mild to moderate reduction of
red cell G6PD level, varying from 20% to 60%
of normal (partial deficiency). Studieshave shown
that the semiquantitative test could only pick up
those cases with aresidual red cell G6PD activ-
ity level of less than 20% of normal, therefore
missing the diagnoses of the partially deficient
individuals (Reclos et al, 2000).

G6PD deficiency is common in Malaysia,
with an overall incidence of 3.1% among males,
and isavery important cause of severe neonatal
hyperbilirubinemia(Tan, 1981; Singh, 1986; Hon
et al, 1989). In Malaysia, a neonatal screening
program using the fluorescent spot test has been
in place in al public hospitals since 1980. We
carried out astudy to determine whether the fluo-
rescent spot test could detect all cases of G6PD
deficiency, where we defined G6PD deficiency
as a residual red cell G6PD activity level of
<60% normal (WHO Working Group, 1989). We
compared the results of the fluorescent spot test
and the G6PD activity assay on a group of neo-
nates whose cord blood samples were sent for
routine screening and on a group of known fe-
mal e heterozygotes (mothers of G6PD-deficient
neonates). The study on known female heterozy-
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gotes would provide us with information on the
range of G6PD activity, frequency of phenotypi-
cally-deficient female heterozygotes, and deter-
mine whether they can be diagnosed by the
semiquantitative test. Wefirst established normal
ranges of G6PD activity in both neonates and
adults for the two major ethnic groups (Maays
and Chinese) and used the mean activity to es-
tablish the 20% and 60% cut-off points for each

group.
MATERIALSAND METHODS

Neonatal population

A total of 669 Malay (335 males; 334 fe-
males) and 307 Chinese (163 males; 144 females)
neonates born in Hospital UKM (universiti
Kebangsaan Malaysia) between July 1999 and
December 1999, were studied. The fluorescent
spot test and the G6PD activity assay were per-
formed on EDTA cord blood samples from these
subjects sent to the laboratory for routine screen-
ing for G6PD deficiency. Values of mean normal
G6PD activity and the 2 standard deviationswere
established for those neonates with normal fluo-
rescent spot test results.

Normal female population

G6PD activity assays were performed on
EDTA peripheral blood samples from 293 (150
Malays and 143 Chinese) normal healthy adult
female blood donors and perinatal women
(Maays: 75 /150, Chinese: 73/143) in order to
determine the mean normal activity. None of the
females had any diagnosed health problem at the
time of sampling.

Female heterozygotes

To support the theory that G6PD activity in
female heterozygotes is variable, ie that it can
range fromtotal to partial deficiency and normal,
and to determine whether the semiquantitativetest
can diagnose partial G6PD deficiency, we stud-
ied 67 femal e heterozygotes (40 Malays, 27 Chi-
nese) who were mothers of known G6PD-defi-
cient babiesbornin Hospital UKM between Sep-
tember 2000 and December 2000. G6PD-defi-
cient males were identified during routine neo-
natal screening and their mothers were either
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traced back to the wards or recalled for G6PD
evaluation. For al cases, EDTA blood samples
were collected. The fluorescent spot test, full
blood pictures and reticul ocyte counts were per-
formed on the same day, and the G6PD assay was
performed within 2 days of collection.

Blood samplesreceived from al neonate and
adult cases were subjected to semiquantitative
fluorescent spot test, full blood pictureand reticu-
locyte count, performed on the same day of col-
lection. For the semiquantitative fluorescent spot
test, blood specimensfrom all sampleswere spot-
ted and dried on Whatman'sfilter paper. The test
was carried out according to the method described
by Beutler and Mitchell (1968). This technique
is based on the visual evaluation of fluoresced
reduced pyridine nucleotide (NADPH) when ac-
tivated by UV light. Samples that do not show
fluorescence are classified as G6PD-deficient and
those showing fluorescence are classified as nor-
mal. For the quantitative eval uation of G6PD ac-
tivity, the G6PD kit from Randox Laboratories
Ltd was used. The kit utilizes the chemical reac-
tion described by Beutler (1968), and the NADPH
produced ismeasured at 340 nmin akinetic mode.
The method involved an elution stage for the ly-
sis of red cells and an assay stage that involved
incubation with reagents containing substrate and
the cofactor NADP, followed by photometric
measurement of the kinetic reaction at 340 nm.
The assay was performed according to the
manufacturer’sinstructionswith modification for
normalization of hemoglobin concentration. 0.2
pl of whole blood was washed with 2 ml aliquot
of NaCl solution, centrifuged for 10 minutes at
3,000 rpm; the process was repeated three times.
Thewashed erythrocyteswere then suspended in
0.5 ml of digitonin solution and allowed to stand
for 15 minutes at 4°C, followed by centrifuga-
tion. The supernatant was then used for the en-
zyme assay in a Hitachi 717 (Boehreinger
Manheim, Germany) autoanalyser within 2 hours
of preparation where the G6PD activity was ex-
pressed in GGPDH mU/erythrocytes per ml x 100.
Inthisstudy, G6PD activity wasfinally expressed
in U/gHb using the following calculation:

G6PDH U/gHb = G6PDH mU/erythocytes per ml x 1,000
Hb g/dl
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The hemoglobin concentration (g/dl) for
each sample was measured on a Coulter Stac S
cell counter. 100 = afactor to convert G6PD ac-
tivity to 100 ml.

Diagnosis of G6PD deficiency by enzyme
activity includes total deficiency (activity<20%
of mean normal activity) and partial deficiency
(20-60% of mean normal activity).

RESULTS

Neonatal population

Theresultsfor mean normal G6PD activity,
and the cut-off pointsfor partial G6PD deficiency
for 976 neonates (669 Malay and 307 Chinese)
are shown in Table 1. There were no significant
differences in the mean G6PD activity between
sexeswithin and between both racial groups. The
lower and upper cut-off points for partial defi-
ciency were 2.92 U/gHb (20% normal mean) and
8.7 U/gHb (60% normal mean), respectively.

Results of screening for G6PD deficiency,
by the fluorescent spot test and enzyme assay for
Malays and Chinese, are shown in Tables 2 and
3, respectively. Inthe male Mal ay neonate group,
G6PD deficiency wasdiagnosed in 5.1% of cases
by both the semiquantitative fluorescent spot test
and enzyme assay. Inthefemale Malay neonates,
G6PD deficiency wasdiagnosed in 1.2% of cases
by fluorescent spot test and 9.0% of cases by
G6PD activity assay. In the male Chinese neo-
nate group, the percentages of G6PD deficiency
were the same, by both the fluorescent spot test
and the G6PD assay, ie 5.5%, whereasin the fe-
mal e group the percentages of G6PD deficiency
differed markedly between the two methods, ie
1.4% and 9.7%, respectively. All the neonates
(males and females) who were diagnosed as de-
ficient by fluorescent spot test showed G6PD ac-
tivity levels of < 2.92 U/gHb (<20% normal ac-
tivity), with a range of 0-1.7 U/gHb; the mean
G6PD activity was 0.65 U/gHb and 1.05 U/ gHb
for the Malay and the Chinese neonates, respec-
tively (Table4). 7.8% of female Malay and 8.3%
of female Chinese neonates had partial enzyme
deficiency with their G6PD activity levels rang-
ing from 2.98-8.5 U/gHb. None of these cases
was picked up as deficient by the fluorescent spot
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Table 1
G6PD activity levels for normal Malay and Chinese neonates.

Mean G6PD Upper limit of total Upper limit of partia
activity deficiency deficiency
U/gHb (20% of mean value U/gHb) (60% of mean value) U/gHb
Malay (n=669) 14.8 2.96 8.8
Chinese (n=307) 14.3 2.86 8.5
Total (976) 14.55 292 8.65
There was no significant difference in mean G6PD activity between male and female neonates in each racial group
(p <0.05).
Table 2
Diagnosis of G6PD deficiency in Malay neonates by semiquantitative and quantitative methods.
No. of cases No. of cases No. of cases G6PD-deficient
Method with total with partial with normal individuals
deficiency deficiency G6PD activity (%)
(G6PD activity (G6PD activity
<20% normal) 20-60% normal)
Male (n=335) Semiquantitative FST 17 0 318 51
Quantitative 17 0 318 5.1
Female (n=334) Semiquantitative 4 0 330 12
Quantitative 4 26 304 9.0

G6PD activity ranged from 0 -1.48 U/gHb for neonates with total G6PD deficiency, and 3.2-8.6 U/gHb for neonates

with partial G6PD deficiency.

test. The overall frequencies of G6PD deficiency
were 3.28% by fluorescent spot test, and 7.17%
by enzyme assay (Table 4).

Adult female population

The results of the G6PD activity assay in
293 adult normal females (150 Malays; 143 Chi-
nese) are shown in Table 5. The mean values for
G6PD activity, for adult Malay and Chinese fe-
maleswere 7.45 U/gHb and 7.50 U/gHb, respec-
tively. There was no significant difference in the
mean val ues between these two racial groups (p=
0.54). The mean value for G6PD activity for
women in their perinatal period was slightly
higher compared to normal adult females but the
difference was not statistically significant
(p=0.08). Sinceall samplesfrom female heterozy-
gotes were taken during the perinatal period, we
used the mean G6PD activity valuesfor perinatal
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women (Malay: 7.67 U/gHb; Chinese: 7.75 U/
gHb) to determine the upper and lower limits of
partial G6PD deficiency (Table 5). The values
for the upper limit of partial deficiency were4.6
U/gHb (Malays) and 4.65 U/gHb (Chinese); the
lower limitswere 1.53 U/gHb (Malays) and 1.55
U/gHb (Chinese).

Female heterozygotes

Using the above established upper and lower
limits for G6PD deficiency, 53% (23 of 40
Malays, 12 of 27 Chinese) were classified as
G6PD-deficient by enzyme assay ie G6PD activ-
ity <60% normal residual activity (<4.65 U/gHb)
(Table 8). Of these 35 G6PD-deficient females,
31 cases (19 of 40 Malays, 12 of 27 Chinese) had
enzyme levels between 20-60% normal (1.53 U/
gHb-4.65 U/gHDb) ie partial enzyme deficiency
and 4 (all Malay) cases had severe deficiency, ie
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Table 3
Diagnosis of G6PD deficiency in Chinese neonates by semiquantitative and quantitative methods.
No. of cases No. of cases No. of cases G6PD-deficient
Method with total with partial with normal individuals
deficiency deficiency G6PD activity (%)

(G6PD activity (G6PD activity
<20% normal) 20-60% normal)

Male (n=153) Semiquantitative FST 9 0 154 55
Quantitative 9 0 154 55
Female (n=144) Semiquantitative 2 0 142 14
Quantitative 2 12 142 9.7

G6PD activity rangesfrom 0-1.7 U/gHb for neonates with total G6PD deficiency, and 2.98-8.17 U/gHb for neonates
with partial G6PD deficiency.

Table 4
G6PD activity in G6PD deficient neonates and overall frequency of G6PD-deficiency according
to ethnic group, by semiquantitative and quantitative methods.

G6PD Ethnic Group Range of Mean of No. (Frequency) No. (Frequency)
deficiency (no. of neonates) G6PD G6PD diagnosed by diagnosed by
activity U/gHb  activity U/gHb  semiquantitative  quantitative

method method

Total Malays (n=669) 0-1.48 0.65 21 (3.1%) 21 (3.1%)
Deficiency Chinese (n=307) 0-17 1.05 11 (3.6%) 11 (3.6%)
Partial Malays (n=669) 3.2-8.6 7.01 0 26 (3.9%)
Deficiency Chinese (n=307) 2.89-8.17 6.0 0 12 (3.9%)
Total no of G6PD- 32 (3.28%) 70 (7.7%)

deficient cases

Total number of neonates studied: 976

Table 5
Mean G6PD activity for normal perinatal females and G6PD activity value used as cut-off
points for partial G6PD deficiency.

Mean G6PD activity Lower limit for partial Upper limit for
U/gHb G6PD deficiency partial deficiency
(20% of normal (60% of normal
mean G6PD activity) mean G6PD activity)
U/gHb U/gHb
Malays (n=75) 7.67 153 4.60
Chinese (n=73) 7.75 155 4.65

G6PD activity assay was performed on atotal of 293 normal females including 148 perinatal women. The overall
mean G6PD activity was 7.47 U/gHb, SD 1.34. There was no significant difference in the mean G6PD activity
between perinatal women and femal e blood donors (p=0.08). The G6PD activitiesfor perinatal women was used for
the normal range in this study because al the test female heterozygote samples were taken during the perinatal
period G6PD activity ranges.
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Table 6
Diagnosis of G6PD deficiency in Malay female heterozygotes by semiquantitative and quantita-
tive methods.
Method Cases with total Caseswith partiadl Caseswithnormal  Total no. of G6PD

G6PD deficiency deficiency G6PD activity deficiency

(No.) (No.) (No.) detected (percentage)
Semiquantitative (n=40) 4 36 4 (10%)
Quantitative (n=40) 4 17 23 (59%)

Total no. of G6PD-deficient cases includes total and partia deficiency.
Range of G6PD activity for heterozygotes with total deficiency: 0.79-1.47 U/gHb and partia deficiency: 2.10-4.42

U/gHb.

Table 7
Diagnosis of G6PD deficiency in Chinese female heterozygotes by semiquantitative and
guantitative methods.

Method Cases with total Caseswith partial  Caseswithnormal  Total no. of G6PD
G6PD deficiency deficiency G6PD activity deficiency
(No.) (No.) (No.) detected?® (percentage)

Semiquantitative (n=27) 0 26 1 (3.6%)
Quantitative (n=27) 0 15 12 (44%)

aTotal no. of G6PD deficient cases includes total and partial deficiency.

Range of G6PD activity for partial deficiency: 1.82-4.14 U/gHb.

G6PD activity < 20% normal (<1.55 U/gHb). All DISCUSSION

the partially-deficient cases, except for one Chi-
nese female (G6PD activity level : 1.82 U/gHb),
were misclassified as normal by fluorescent spot
test. All the 4 caseswith severe enzymedeficiency
were picked up asdeficient by the fluorescent spot
test. Tables 6 and 7 show the frequency of G6PD
deficiency, by both methods, in Maay and Chi-
nese female heterozygotes. The overall range of
G6PD activity infemale heterozygoteswith total
G6PD deficiency was 0.79 U/gHb-1.47 U/gHb
and the range for partia deficiency was 1.82 U/
gHb-4.42 U/gHb (Table 8). The highest G6PD
activity value detected as deficient by fluorescent
spot test in this group of adult females was 1.82
U/gHb (23.5% normal residual activity) and the
lowest value detected as normal by fluorescent
spot test was 2.1 U/gHb (23.3% normal residual
activity).

410

G6PD deficiency, although X-linked, is not
arecessivedisorder. Infemale heterozygotes, red-
cell mosaicism arising from random X chromo-
some inactivation results in two populations of
G6PD-deficient and G6PD-normal cells (Beutler
et al, 1963; Davidson et al, 1963). The propor-
tionsof thesetwo cell types can vary enormously,
ranging from completely normal activity to com-
plete deficiency. Many of the female heterozy-
gotesmay have overall G6PD activity that ranges
from 20-60% normal residua activity, classified
as partial deficiency.

Hemolysis has aways been thought to be a
problem of the hemizygous male, who is almost
aways phenotypically deficient. However, the
actual G6PD content of the cell is not the only
critical determinant of ahemolytic episode. Oxi-
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Table 8
Overall frequency of G6PD deficiency by semiquantitative and quantitative methods and G6PD
activity in female heterozygotes.

Range of Frequency of Frequency of
G6PD activity G6PD deficiency G6PD deficiency
for cases G6PD U/gHb Activity diagnosed by diagnosed by
with total semiquantitative quantitative
G6PD deficiency method method
Lowest value Highest value Mean
Malays (n=40) 0.79 9.95 4.50 10 (10%) 23 (59%)
Chinese (n=27) 182 9.8 5.06 1(3.7%) 12 (44%)
Overal (n=67) 0.79 9.95 471 5 (7.5%) 35 (53%)

Overall range of GEPD activity for cases with total G6PD deficiency is 0.79-1.47 U/gHb and partial deficiency

1.82-4.42 U/gHb.

dative stressinduced by factors such asinfections,
administration of drugs, ingestion of certain kinds
of food, contact with mothballs and certain cul-
tural practices have been reported to induce
hemolysis even in partially-deficient individuals
(Luzzatto and Mehta, 1995). Individuals with
class 11l G6PD variants (G6PD activity 10-60%
normal) do have problems of intermittent hemoly-
sis. A common Class |11 variant found in this part
of theworld isthe G6PD Mahidol variant (Panich
etal, 1972). Partial enzymedeficiency isexpected
to be seen more commonly among female het-
erozygotes asaresult of X inactivation. The ma-
jorities of G6PD variants that cause G6PD defi-
ciency seen in most populations belong to the
classll variants (severe enzymedeficiency). Pre-
vious studies of Malay and Chinese neonateswith
G6PD deficiency in Malaysiashowed that thema-
jority of the male G6PD-deficient neonates had
severe enzyme deficiency (Boo et al, 1995;
Ainoonetal, 1999). Therefore, partial deficiency
remains a problem of heterozygous females who
may be at risk of hemolysis. Heterozygous fe-
male neonates have been shown to be at risk of
neonatal hyperbilirubinemia (Davidson et al,
1963; Kaplan et al, 1999). Meloni et al (1983)
found that 15.5% of female heterozygotes devel-
oped neonatal jaundice. Reclos et al (2000) re-
ported a case of a 16-year-old female with partial
deficiency (G6PD activity 5.5 U/gHb) who de-
veloped severe hemolysis. It was recently shown
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that G6PD plays an embryoprotectiverolein the
development of oxidative stressand chemical ter-
atogenesis in mice. Litters of G6PD-deficient
animals showed increased incidence of perinatal
and postnatal death and that the developmental
risk waspotentially substantial evenfor heterozy-
gous G6PD-deficient animals (Nicol et al, 2000).

Routine neonatal screening for G6PD defi-
ciency by fluorescent spot test is carried out in
al hospitalsin Malaysia as part of a strategy for
early detection and prevention of severe hyper-
bilirubinemia and kernicterus. In this study, we
performed both the fluorescent spot test and the
G6PD assay on two groups of individuals at risk
of complications of G6PD deficiency, to deter-
mine whether our screening test could diagnose
all cases of G6PD deficiency (total and partial).
In establishing the normal values of G6PD activ-
ity, therewasno significant differencein themean
G6PD activity between males and females be-
tween the two racial groups, and within each ra-
cial group, for both the neonates and adults. The
means of G6PD activity for the Malay and Chi-
nese neonateswere 14.8 U/gHb and 14.3 U/gHDb,
respectively. However, the adult mean G6PD ac-
tivity values was found to be significantly lower
than the neonatesie 7.67 U/gHb and 7.75 U/gHDb,
for the Malay and Chinese groups, respectively.
These findings are comparable to previous find-
ingswhere G6PD activity has been shownto vary
according to age group (Normah et al, 1991; Boo
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et al, 1995).

The results of the fluorescent spot tests and
the G6PD assays on 472 male neonates showed
no differences in the frequencies of G6PD defi-
ciency, ie both tests diagnosed G6PD deficiency
in 5.3% (26) of cases. All the 26 male G6PD-
deficient neonate cases had severe enzyme defi-
ciency, ie their residua red cell G6PD activity
was lower than 20% of normal (< 2.92U/gHDb),
ranging from 0-1.7 U/gHb, with a mean of 0.85
U/gHb. We did not find any male neonate case
with partial enzyme deficiency, which meansthat
al of the G6PD-deficient male neonates in this
group had severe enzyme deficiency, a finding
comparable to our previous studies (Boo et al,
1995; Ainoon et al, 1999) and that there was no
problem in using the screening fluorescent spot
test to diagnose male G6PD-deficiency.

However, in the group of 446 female neo-
nates, we found amarked difference between the
results of fluorescent spot test screening and the
G6PD activity assay. The fluorescent spot test
diagnosed G6PD deficiency inonly 1.3% (6) of
cases and the quantitative G6PD assay diagnosed
9.8% (44) of cases as G6PD-deficient (both total
and partial). All the 6 femal e neonate cases diag-
nosed as G6PD-deficient by fluorescent spot test
had total deficiency (residual red cell GBPD ac-
tivity lower than 20% normal). Therefore, 8.5%
(38) of the G6PD-deficient femal e neonateswere
misdiagnosed as normal by the routine
semiquantitative screening test and their residual
G6PD activity ranged from 19.8-58% of normal
residual activity (2.98 U/gHb-8.5 U/gHb) witha
mean G6PD activity value of 6.5 U/gHb. These
caseswere neonateswith partial G6PD deficiency.

Examining the overal (both male and fe-
male) prevalence of G6PD deficiency in this
study, wefound that by using the semiquantitative
screening test, the prevalence of G6PD deficiency
was 3.28%, but using the quantitative enzyme
assay the prevalence was 7.17%. Thus the
semiquantitative screening test failed to diagnose
3.9% of neonateswith G6PD deficiency and these
neonates were found to be exclusively females.
Similar findings were made by Reclos et al
(2000), where they screened 2,000 neonates and
found that the fluorescent spot test missed the di-
agnosis of 2.4% of neonates with partial G6PD
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deficiency, and they were all females. It appears
that the semiquantitative fluorescent spot test used
for population screening is not able to diagnose a
substantial proportion of neonates with G6PD
deficiency who were exclusively heterozygous
female neonates.

Theresultsof our study on mothersof known
G6PD-deficient mal e babies supported the notion
that the semiquantitative screening test fails to
diagnose partial deficiency in female heterozy-
gotes. The study of 67 known female heterozy-
gotes revealed a similar discrepancy in the diag-
nosis of G6PD deficiency between the fluores-
cent spot test and the quantitative enzyme assay.
Firstly, we found that the range of residual red
cell G6PD activity in the female heterozygotes
waswide, ranging from 8-128% of normal activ-
ity, in concordance with Lyon’stheory. Fifty-three
percent (35 of 67) of cases were diagnosed
G6PD-deficient (G6PD activity level of < 60%
normal) by enzyme assay and only 7.5% (5 of
67) were found deficient by the fluorescent spot
test. Out of the 35 cases diagnosed as deficient
by enzyme assay, 31 (46.3%) had partial G6PD
deficiency; their G6PD activity values ranged
from 23.3-57.6% of normal (2.10 U/gHb-4.42 U/
gHb) and al of these partially-deficient cases,
except one, were misclassified as normal by the
fluorescent spot test. The remaining 4 cases had
severe enzymedeficiency (0.79-1.47 U/gHb) and
all were picked up by the fluorescent spot test.
The one case of partial deficiency diagnosed as
deficient by the semiquantitative screening test
was a Chinese female heterozygote whose en-
zyme activity level was 1.82 U/gHb (23.5% of
normal). Therefore, in this group of heterozy-
gous females, G6PD deficiency was diagnosed
in 7.5% (5 of 67) of casesby the fluorescent spot
test, whereas the G6PD assay diagnosed 53% (44
of 67) of the cases. This means that 46.3% of fe-
male heterozygotes had partial G6PD deficiency
and in almost all of these cases, the diagnosis
was missed by the fluorescent spot test. Reclos et
al (2000) demonstrated a similar discrepancy in
the results of the two tests. The quantitative en-
zymeassay detected 28 cases of G6PD deficiency
in a group of relatives of G6PD-deficient indi-
viduals and the semiquantitative only detected 9
(32%) of these 28 cases to be deficient.
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Residual red cell G6PD activity values as
low as 2.98 U/gHb (20.6% of normal activity for
neonates) in a female neonate and 2.1U/gHb
(23.3% of normal activity for female adults) in
an adult female heterozygote, were classified as
normal by thefluorescent spot test. A residual red
cell activity of 1.82 U/gHb (23.5% of normal ac-
tivity for female adults) in a Chinese female was
picked up asdeficient by the fluorescent spot test.
It appears that the fluorescent spot test we em-
ployed, could only detect cases with a residual
red cell enzyme activities lower activities lower
than a cut-off point that is lies between 2.1 U/
gHb and 1.82 U/gHb. A G6PD activity level of
2.1 U/gHb has been shown by other workers to
be the cut-off limit for the fluorescent spot test to
detect G6PD deficiency. Recloset al (2000) found
that the 2.1 U/gHb level wasavalue 20% of their
norma mean. In their study of 2,000 neonates,
using 20% of normal activity as the upper limit
of G6PD deficiency, they found that the results
of the two methods would be identical ie both
methodswould give the same frequencies. How-
ever, if the cut-off point for G6PD deficiency were
set at 60% of normal mean activity, asis gener-
ally accepted, the frequency of G6PD deficiency
by enzyme assay was higher than the frequency
detected by fluorescent spot test, and there were
more G6PD-deficient females than G6PD-defi-
cient males. Thefindingsin our study are similar
to those of Recloset al (2000) where, when 20%
normal activity was set as the cut-off point for
thediagnosisof G6PD deficiency, therewaslittle
difference in the frequencies between the two
tests, both in the neonate and the adult female
heterozygote groups. Although the actual value
for the cut-off G6PD activity level for the fluo-
rescent spot test to detect deficiency in our study
appearsto be between 2.1U/gHb and 1.82 U/gHb,
a level that is slightly more than 20% normal
activity for adults and slightly lower than 20%
normal activity for neonates, we found that the
fluorescent spot test still missed almost all cases
of partial deficiency and detected all cases of to-
tal deficiency. Among the severely deficient neo-
nates and femal e heterozygotesthe highest G6PD
activity values detected by the fluorescent spot
test were less than 20% normal activity ie 1.7 U/
gHb (12% of normal activity for neonates) and
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1.47 U/gHb (19.2% of normal activity for adult
females), and among the partially-deficient neo-
nates and femal e heterozygotesthe lowest G6PD
activity values missed by the fluorescent spot test
were more than 20% normal residual activity ie
2.98 U/gHb (20.6% of normal neonates) and 2.1
U/gHb (23.3% of normal adult females).

When we set the cut-off point for G6PD de-
ficiency at 60% normal residual activity, by us-
ing the enzyme assay, there appeared to be more
G6PD-deficient female neonates than male neo-
nates (9.8% vs 5.3%) compared to frequencies
based on the fluorescent spot test (1.3% vs 5.3%).
The frequency of G6PD deficiency is usually
expressed as the proportion of males who are
found to be hemizygous and thisfigureisusually
considered to be equal to the gene frequencies
and the prevalence of G6PD-deficient femalesand
the heterozygotes are usually derived by calcula-
tion.
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