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Abstract 1

Risk factors for hyperbilirubinemia in northern Thai newborns

Objective To determine the incidence and risk factors for neonatal hyperbilirubinemia in
northern Thai newborns.
Study design A prospective cohort study of healthy full-term newborns was conducted at

Chiang Mai University Hospital. Umbilical cord blood was collected after delivery and tested

for ABO blood group, G6PD enzyme level, and Ol-thalassemia. The samples which were
G6PD deficient were further tested for UGT1A71 variants at nucleotide 211 (G211A) and
TATA promoter (TA7). Univariate and multivariate logistic regression analyses were
performed for risk factors for neonatal hyperbilirubinemia.

Results Five hundred and forty-three newborns were included into the study. Eighty-seven
(16%) newborns had hyperbilirubinemia requiring phototherapy. None required exchange
transfusion. Delivery by vacuum extraction, ABO blood group incompatibility and G6PD
deficiency were significantly associated with twofold to fourfold increase in odds of neonatal
hyperbilirubinemia. Type of feeding, percentage of weight loss, cephalohematoma, OLO-
thalassemia carrier and hemoglobin H disease were not associated with neonatal
hyperbilirubinemia. UGT71A71 polymorphisms did not increase the incidence of
hyperbilirubinemia in G6PD deficient newborns.

Conclusions The incidence of neonatal hyperbilirubinemia is high in northern Thai
newborns. ABO blood group incompatibility and G6PD deficiency which are prevalent in the

population, and also delivery by vacuum extraction are confirmed as strong risk factors.

Keywords: neonatal hyperbilirubinemia, Thailand, G6PD deficiency, ABO blood group

incompatibility, Ol-thalassemia, UGT1A1 polymorphism

RMU 5080034 7?1 3 iguien 2553



UNAALD 2

L L 1 v A A =~ = a a a oA a a
n1IasIeAanIadnIIzaan-s1aasiiauazdlnlnainidailndlagaslalodiaansa

Wnaselumsnusmaalnaluniemite: ansdaanus seni19a lulniluazamslanaing)

U -5 v A A =\ a a =Y Aad a a
lesnuniananantasnzmaraiauazdlulnatuRadndlasitlaladiaania
o o , , A 4 ¥ dd
IWAaDs  (Isoelectric focusing, IEF) lumsnusniianalunmamiadaduiunnnuaii:
= a Aa a [ = dy % %3 1 @ A A =) a a
Flulnatinfalnd leduin nsanuiwNanIIa TN lwnMzaan-asaie Flulnadn 3
=\ a a a a dl a a 1 =)
wazdlulnaduiaUndsfiadug LAZINBNUNANIATIINUMSlaRa I nen luudasd L n]
(genotype) MINuINLANIIWIN 207 11 566 1o (Fouas 36.6) Ndusaadiiuniadlulnadn
Aaund wudlwlninagu 17 3lwlnd msn 9 e Gowaz 1.6) tulsadlulnaduies (5 378
Wulsaglulnadn o AAeannsananisvasdn 2 MNodulsadlulnaduawdlulnadn
aauuaany 8US9 1 Tedwlsadlulnadn 107 NANINNNIVIORILVIEUIINALNIRZD
glalnadu 8 war 1 Mudulsedlalnadwewdlulnaduaauugaur slSenaunuwimesas
Flulnadu 8) waewumsn 1 nodulsedlulnadudivdr-saadils 35lelodiaansa
TWnzGeanuntonanlsadlulnaduias Laswinzaadaav1-masdidarianianunaln@uas
= a L s a a a [ 3 d' o 5
gaadu  sananminuUndldtaanlasganiinnnesdlalnaduuinfanawy  dwiy
WMz aWN-TIarDIdsrhaNTaNNRaUNGUasdwasInL a1aaa liwudlulnaduuiin
wyawuluwdSanatasvinle hisnantnltlumdnasy owudlulnadwiuauannund luduniis
~ P 2 & ~ PN a 2 AN aa a
°uaaaIuInaumaga:mmwmsnLﬂuwwmmaaaiulnauu 5 mIanunien iFlulnaduiauas
a a = s aaAa Qs I a a =) U v A A = a a
wudlulnadn 8 lasumAnasidulsadlulnadndiud-masdiy winevaddlulnadnan-
. Aa A a A Aa A = ] I3 A
Tnouaue (Q-Thailand) sasmefidlalnaduiaUn@iudndngassia dairasdludlulnadn
dl v ] =Y v =Y 1 Qs = ] =Y dlﬁ =) dl x|
Alsznaudmsnnuin-Inadn  waziuai-lnadwirunuaawi-Inaduniednd  nsnmidulye
= A a o A A ' A = A ' a
Flulnatin tar  Tszeudlulnaidn  d1awalasaluvadialfoaninad  wazaUSu1mag
= A & A 9 ' P’ ' ~ & A ' a
Slulnadwlwiaifoauadasniidng  dawialagiafsuadlioliaadnadlasa1USinmas
a a & A ) o v A A A AaA A a
Fulnadnluiaifaanas ;1IN0 LTLNNIRZVBIDAN-TIa RGN s TRaNTaNNHAaUNGua
A o M o a a a = o o A A A Aa
RaBwle  wa ldanansnltuanwivzuasdlulnatn 3 wIiawinzwasaavn-masdIdoTRa Ny
anuiaUndvasduaey FTlaladiaanialnnadailwisnsaananiasnzeavn-mMaraLLe

=1 a a A a dl nﬂ. =} £
uazdlulnaduwialndlunInusniianimaia e

a1d1an nMIaInansadlumanusniie sasdils Slalnadulednd lalodiaenialWnads

RMU 5080034 7?4 iguien 2553



Abstract 2

Cord blood screening for O.-thalassemia and hemoglobin variants
by isoelectric focusing in northern Thai neonates:

correlation with genotypes and hematologic parameters

We describe the screening of newborns for thalassemia and Hb variants by using
isoelectric focusing (IEF) in a population from northern Thailand where hemoglobinopathies
are highly prevalent. The report focuses on findings of Ol-thalassemia, Hb E, and other
hemoglobin variants, and their correlation with genotypes and hematologic parameters.
Two-hundred and seven out of 566 newborns (36.6%) had thalassemia genes or Hb
variants. Seventeen different genotypes were found. Nine cases (1.6%) of Hb H disease (5
deletional Hb H diseases, 2 Hb H/Constant Spring diseases, 1 deletional Hb H disease/Hb
E, carrier and 1 Hb H/Constant Spring disease/Hb E carrier) and one Hb E-P-thalassemia
were identified. IEF could clearly distinguish Hb H diseases and carriers of two Ol-globin
gene defects from normal individuals according to the presence of Hb Bart's and its
percentage. For carriers of a single Ol-globin gene defect, Hb Bart's was either absent or
present in a small amount and was therefore not reliable for screening. The presence of an
additional band at the Hb A, position in the newborns signified an Hb E carrier. One case of
an absent Hb A and a presence of Hb E was identified as Hb E-[)-thalassemia. Two Hb Q-
Thailand carriers were seen with two additional Hb fractions, presumably combinations of Y-
globin and B-globin with the Ol-globin variant. Newborns with Hb H disease had lower Hb,
MCV, and MCH levels than normal. MCV and MCH were also useful for differentiation of
carriers of two Ol-globin gene defects, but not for carriers of Hb E or single O-globin gene
defect. IEF was a reliable method for neonatal cord blood screening for Ol-thalassemia and

Hb variants.

Keywords: newborn screening, thalassemia, hemoglobinopathies, isoelectric focusing
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Abstract 3

Prevalence and molecular characterization of

glucose-6-phosphate dehydrogenase deficiency in northern Thailand

Neonatal cord blood screening for G6PD deficiency was conducted in 566 northern
Thai newborns. Ninety (16%) had G6PD deficiency. The prevalence in male newborns was
17% (48 of 289 male newborns). The prevalence of female newborns having an
intermediate deficiency and a complete deficiency of G6PD enzyme was 13% (37 of 277
female newborns) and 1.8% (5 of 277 female newborns) respectively. Six common G6PD
variants previously reported in Thailand; G6PD Viangchan (871G>A), G6PD Mahidol
(487G>A), G6PD Kaiping (1388G>A), G6PD Canton (1376G>T), G6PD Union (1360C>T)
and G6PD Chinese-5 (1024C>T) were tested using polymerase chain reaction-restriction
fragment length analysis. From 95 G6PD alleles tested, G6PD Mahidol (19), G6PD Kaiping
(17), G6PD Canton (15) and G6PD Viangchan (13) are the most common mutations. These
four mutations combined comprise about 70% of G6PD mutations in the population. The
higher proportion of G6PD Mahidol, G6PD Kaiping, G6PD Canton in our population as
opposed to G6PD Viangchan being the commonest mutations in the other parts of Thailand
suggests a significant genetic drift from southern China and Myanmar into the region, and
represents a genetic continuum from southern China and Myanmar to northern and central

Thailand.

Keywords: Glucose-6-phosphate dehydrogenase/mutation/northern Thailand/Thais
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Executive Summary

Neonatal hyperbilirubinemia in northern Thailand:

roles of G6PD deficiency and alpha-thalassemia

Background

Neonatal hyperbilirubinemia is a common problem in Thai newborns. The most
serious complication of neonatal hyperbilirubinemia is bilirubin encephalopathy which is
caused by the direct toxic effects of deposited bilirubin to basal ganglia, pons and
cerebellum. Affected newborns may present with seizures, developmental delay, or
choreoathetiod cerebral palsy. Bilirubin encephalopathy is prevented by early detection of
hyperbilirubinemia and early treatment with phototherapy and/or exchange blood transfusion
and other supportive cares.

Causes of neonatal hyperbilirubinemia may be classified into those causing
increased destruction of red blood cells and therefore increased bilirubin production and
those causing impaired bilirubin conjugation or excretion.

After senescent red blood cells are destroyed mainly by splenic macrophages,
hemoglobin is released and heme is converted to unconjugated bilirubin. Unconjugated
bilirubin is bound by albumin and transported to liver, where bilirubin conjugation takes
place. Conjugated bilirubin is excreted in bile. Mostly neonatal hyperbilirubinemia is a
physiologic process which results from increased destruction of red blood cells as newborns
have higher red blood cell mass than adults and the cells have shorter life-span (70-90
days). Also, newborns have lower level of albumin, immature conjugation function of liver
and increased reuptake of bilirubin via enterohepatic circulation. All of which leads to
increased level of unconjugated bilirubin.

Pathologic neonatal hyperbilirubinemia in term newborns is defined as visible
jaundice or bilirubin level higher than 5 g/dL within the first 24 hours of life, increasing
bilirubin level more than 0.2 mg/dL/hour or 5 mg/dL/day, bilirubin level higher than 95th
percentile of age, prolonged hyperbilirubinemia longer than 2 weeks of age, or conjugated
bilirubin level higher than 1.5-2 mg/dL.

The incidence of neonatal hyperbilirubinemia varies among races. Asian newborns
are the most at risk, followed by the Caucasians and Blacks, respectively. Genetic

characterisitcs, including higher prevalence of G6PD deficiency and ABO blood group
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incompatibility and possibly thalassemia, may contribute to the higher incidence of neonatal
hyperbilirubinemia in Asians.

The primary objective of this project is to determine the incidence and risk factors
for neonatal hyperbilirubinemia in Thai newborns. The studied risk factors include clinical
and genetic factors common in the population.

The secondary objectives of this project are to demonstrate the hematological and
hemoglobin parameters of newborns with thalassemia and hemoglobin variants, and to
determine the prevalence of G6PD deficiency and molecular characterization of G6PD

variants.

There are three studies within this project:

In the first study, we studied the incidence, risk factors and characteristics of
neonatal hyperbilirubinemia in northern Thailand, focusing on roles of G6PD deficiency and
alpha-thalassemia, which are common causes of hemolytic anemia in northern Thailand, on
the development of neonatal hyperbilirubinemia. We also studied the role of uridine
diphosphoglucuronosyl transferase 1A1 (UGT1A1) polymorphisms on their role of increasing
the incidence of neonatal hyperbilirubinemia in G6PD deficient newborns. The UGT1A1
gene encodes UGT enzyme which functions in bilirubin conjugation.

In the second study, we looked at hematological parameters and hemoglobin
patterns of newborns with thalassemia and hemoglobin variants.

In the third study, we studied the prevalence of G6PD deficiency and molecular

characterization of G6PD variants.

Materials and methods

This is a prospective cohort study. The study protocol was approved by the
Institutional Ethics Committee. Informed consent was obtained from the mothers. Full-term
newborns (gestational age 37-42 weeks) of mothers with uneventful pregnancy who were
born at Chiang Mai University Hospital were included. Newborns with known maternal
history of Rh(D) incompatibility, diabetes mellitus, and newborns with congenital anomalies,
infection requiring antibiotics or significant hemorrhages other than cephalohematoma were
excluded from clinical analysis.

The umbilical cord blood was collected after delivery of the newborn. The blood

samples were kept at 4°C until analysis. The samples were tested for complete blood count,

ABO blood group, G6PD enzyme level, and Ol-thalassemia by isoelectric focusing (IEF)
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method and mutation-specific polymerase chain reactions. The samples which were G6PD
deficient were further tested for UGT1A71 polymorphisms at nt 211 and TATA promoter
region, and mutation-specific polymerase chain reactions for G6PD mutations.

Clinical features were summarized for newborns with and without hyperbilirubinemia.
Univariate and multivariate binary logistic analyses were performed to determine the risk
factors for neonatal hyperbilirubinemia.

Hematologic and hemoglobin parameters were summarized for each Cl-globin and
BE genotypes.

Prevalence of G6PD deficiency was determined and molecular characteristics of

G6PD mutations were summarized.

Results

Five hundred and sixty-six newborns were enrolled into the study, and 543 were
included for clinical analysis. Eighty-seven (16%) newborns had hyperbilirubinemia requiring
phototherapy. None required exchange transfusion. Delivery by vacuum extraction, ABO
blood group incompatibility and G6PD deficiency were significantly associated with twofold

to fourfold increase in odds of neonatal hyperbilirubinemia. Type of feeding, percentage of

weight loss, cephalohematoma, Oco-thalassemia carrier and hemoglobin H disease were not
associated with neonatal hyperbilirubinemia. UGT1A1 polymorphisms did not increase the
incidence of hyperbilirubinemia in G6PD deficient newborns.

Two-hundred and seven out of 566 newborns (36.6%) had thalassemia genes or Hb
variants. Seventeen different genotypes were found. Nine cases (1.6%) of Hb H disease (5
deletional Hb H diseases, 2 Hb H/Constant Spring diseases, 1 deletional Hb H disease/Hb
E, carrier and 1 Hb H/Constant Spring disease/Hb E carrier) and one Hb E-P-thalassemia
were identified. IEF could clearly distinguish Hb H diseases and carriers of two COl-globin
gene defects from normal individuals according to the presence of Hb Bart's and its
percentage. For carriers of a single O-globin gene defect, Hb Bart's was either absent or
present in a small amount and was therefore not reliable for screening. The presence of an
additional band at the Hb A, position in the newborns signified an Hb E carrier. One case of
an absent Hb A and a presence of Hb E was identified as Hb E-P-thalassemia. Two Hb Q-
Thailand carriers were seen with two additional Hb fractions, presumably combinations of ‘Y-
globin and B-globin with the Ol-globin variant. Newborns with Hb H disease had lower Hb,

MCV, and MCH levels than normal. MCV and MCH were also useful for differentiation of
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carriers of two Ol-globin gene defects, but not for carriers of Hb E or single Ol-globin gene
defect.

Ninety (16%) of 566 newborns had G6PD deficiency. The prevalence in male
newborns was 17% (48 of 289 male newborns). The prevalence of female newborns having
an intermediate deficiency and a complete deficiency of G6PD enzyme was 13% (37 of 277
female newborns) and 1.8% (5 of 277 female newborns) respectively. From 95 G6PD
alleles tested for common G6PD variants, G6PD Mahidol (20), G6PD Kaiping (18), G6PD
Canton (16) and G6PD Viangchan (14) are the most common mutations. These four

mutations combined comprise about 70% of G6PD mutations in the population.

Conclusions

The incidence of neonatal hyperbilirubinemia is high in northern Thai newborns.
ABO blood group incompatibility and G6PD deficiency which are prevalent in the
population, and also delivery by vacuum extraction are confirmed as strong risk factors.

IEF was a reliable method for neonatal cord blood screening for Ol-thalassemia and
Hb variants.

The prevalence of G6PD deficiency is high, affecting 17% of male newborns. The
higher proportion of G6PD Mahidol, G6PD Kaiping, G6PD Canton in our population as
opposed to G6PD Viangchan being the commonest mutations in the other parts of Thailand

suggests a significant genetic drift from China and Myanmar into the region.
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Study 1

Risk factors for hyperbilirubinemia in northern Thai newborns
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Introduction

Early identification and management of severe neonatal hyperbilirubinemia is
important to prevent its most devastating complication, bilirubin encephalopathy. Clinical
and genetic factors each play a role in neonatal hyperbilirubinemia.1 The major risk factors
as stated in clinical practice guidelines on hyperbilirubinemia management by American
Academy of Pediatrics (AAP) in 2004 include late-preterm gestational age, exclusive breast
feeding, blood group incompatibility, hemolytic diseases such as glucose-6-phosphate
dehydrogenase (G6PD) deficiency, East Asian race, cephalohematoma or significant
bruising and history of previous sibling received phototherapy.2 Several reported genetic risk
factors are polymorphisms of genes modulating bilirubin metabolism, such as the uridine
diphosphoglucuronosyl transferase 1A1 (UGT1A1) gene that encodes UGT enzyme which
involves bilirubin conjugation, and solute carrier organic anion transporter family member
1B1 (SLCO1B1) gene that encodes transporting polypeptide which functions in hepatic
bilirubin uptake.

The incidence of non-physiologic hyperbilirubinemia in Asian newborns has been
reported to be as high as more than 30%.6 ABO blood group incompatibilities and G6PD
deficiency plus environmental exposure to offending agents are common in the population
and may partly explain the high incidence. UGT1A1 variant at nucleotide (nt) 211 (G211A)
and SLCO1B1 at nt 388 (A388G) are two major variants reported to associate with neonatal
hyperbilirubinemia in east Asian newborns.7_10 UGT1A1 TATA promoter variant (TA7) which
is the risk factor in Caucasians is less common in the population.&9

UGT1A1 polymorphisms are particularly seen in prolonged neonatal
hyperbilirubinemia, and especially in exclusively breast-fed newborns.‘”_9 Also, they are
found to be an additive risk factor for neonatal hyperbilirubinemia in GEPD deficient
newborns.” """

Thailand is a country in Southeast Asia. Reported risk factors of hyperbilirubinemia
in Thai newborns are similar to those in East Asian newborns.m'14 G6PD deficiency and
ABO incompatibility which are prevalent in Thais are the main risk factors. Additionally,
delivery by vacuum extraction is reportedly a risk factor.14 UGT1A1 variant at nt 211, but not
UGT1A1 variant at nt 686 (C686A) or polymorphisms of SCLO1B1 and GST (glutathione S-
transferase) genes, were recently reported to be a risk factor for hyperbilirubinemia in Thai

15
newborns.
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Hemolytic anemias cause increased bilirubin production, and are therefore a
significant cause of neonatal hyperbilirubinemia. In northern Thailand, hemoglobin H (Hb H)
disease is a highly prevalent hereditary hemolytic anemia.16 The condition is caused by
deletions with or without point mutations of three out of four normally functioning Ol-globin
genes, leaving one intact gene (— —/— Ol or — — /OLTOL).17 The excess B-globin combines
to form Hb H which is unstable and has a high affinity for oxygen and is therefore
ineffective for oxygen transportation. Patients with Hb H disease generally have mild to

moderate anemia. They may present with acute hemolysis triggered by fever or infections.
Some reportedly present early in life with neonatal hyperbilirubinemia.18'19

There are two types of Ol-thalassemia carriers, Oto-thalassemia and OL'-thalassemia.
The former results from in-cis deletion of two Ol-globin genes and the latter results from
deletion or mutation of a single Ol-globin gene. OLO-thaIassemia carriers have hypochromic
and microcytic red blood cells. During the newborn period, they have elevated Hb Bart’s
which demonstrates an imbalance production of alpha- and gamma-globins.20 They are also
shown to have lower Hb level in utero from mid-gestation and during the newborn period;
this finding demonstrates an important effect of a decreased Ol-globin production.zo'21 Any
additional role of hemolysis on the lower Hb levels in the fetal and newborn periods is
unknown. O’ -thalassemia carriers have minimally raised Hb Bart’s at birth and are typically
asymptomatic.20

While Hb H disease is conceivably a risk for neonatal hyperbilirubinemia, the
evidence is limited. OLO-thaIassemia carrier status was shown to pose no additional risk to
newborns with G6PD deficiency.22 On the contrary, it was shown to be protective in
Taiwanese newborns.23

The objectives of this study were to determine the incidence of neonatal
hyperbilirubinemia and its associated clinical and genetic factors in a cohort study of full-
term healthy newborns from northern Thailand. The roles of mode of delivery, type of
feeding, degree of weight loss, G6PD deficiency, ABO blood group incompatibilities, OLO-
thalassemia carriers and Hb H disease on hyperbilirubinemia were investigated. UGT1A1
gene polymorphisms were further explored in cases with G6PD deficiencies for their

additive roles on neonatal hyperbilirubinemia.
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Materials and Methods

This is a prospective cohort study. The study protocol was approved by the
Institutional Ethics Committee. Informed consent was obtained from the mothers. Full-term
newborns (gestational age 37-42 weeks) of mothers with uneventful pregnancy who were
born at Chiang Mai University Hospital were included. Newborns with known maternal
history of Rh(D) incompatibility, diabetes mellitus, and newborns with congenital anomalies,
infection requiring antibiotics or significant hemorrhages other than cephalohematoma were
excluded from the study.

The umbilical cord blood was collected after delivery of the newborn. The blood

samples were kept at 4°C until analysis. The samples were tested for ABO blood group,

G6PD enzyme level, and O.-thalassemia. The samples which were G6PD deficient were
further tested for UGT1A1 polymorphisms at nt 211 and TATA promoter region.

ABO blood group was determined by a standard technique. ABO incompatibility was
defined as maternal blood group O and newborn A or B. G6PD assay was performed
according to the WHO method within 7 days of blood coIIection.24 Average G6PD level in
cord blood from male newborns was 12.5+2.3 IU/g Hb. Complete and intermediate

deficiency of G6PD enzyme were defined by a level of less than 1.5 and 1.5-8.0 1U/g Hb

respectively. Carriers of Southeast-Asian deletional OLO-thaIassemia, the most common OLO-
thalassemia in the area, and Hb H disease were diagnosed by polymerase chain reaction
and Hb analysis as described previously.20

UGT1A1 polymorphisms at nt 211 and TATA promoter region were identified by
methods as described previously.a’25

Records of newborn admissions were reviewed for clinical features including:
gender, gestational age, birth weight and percentage of weight loss from birth within the
admission, Apgar score at 5 minutes, delivery method, occurrence and identified causes of
neonatal hyperbilirubinemia requiring phototherapy or exchange transfusion. The decision
for treatment of neonatal hyperbilirubinemia was up to the pediatric residents and attending
neonatologists, who were encouraged to follow the AAP 2004 guideline.2 Lower threshold of
bilirubin level for phototherapy may be used for newborns with undefined risk factors who
awaited laboratory results. At our hospital, healthy newborns are usually discharged after
blood sampling for thyroid and phenylketonuria screening after 48 hours. Newborns with
suspected hyperbilirubinemia are kept in the hospital longer for observation and treatment

as needed.
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Clinical features were summarized for newborns with and without hyperbilirubinemia.
Univariate binary logistic analysis was performed for delivery method, presence of
cephalohematoma, type of feeding, percentage of weight loss, G6PD enzyme status, ABO
blood group incompatibilities, and COl-thalassemia status. Factors that were found to be
significantly associated with neonatal hyperbilirubinemia were further evaluated by
multivariate binary logistic analysis for adjusted odds ratio and their 95% confidence
intervals (Cl). Incidence of neonatal hyperbilirubinemia in G6PD deficient newborns was
compared between groups with and without UGT1A1 polymorphisms using Chi-square test.

P-values of less than 0.05 were considered statistically significant.

RMU 5080034 #i 16 ﬁqmﬁu 2553



Results

Five hundred and sixty-six newborns were enrolled in the study. Twenty-three were
excluded for the following reasons: 9 congenital anomalies, 8 infections requiring treatment
with antibiotics, 2 maternal class A1 diabetes mellitus, 2 known significant hemorrhage (1
intracranial hemorrhage and 1 large hematoma), and 1 each of Rh (D) incompatibility and
maternal hepatitis B virus carrier.

The clinical features of the included 543 newborns are shown in Table 1. There
were 278 (51.2%) male newborns. Mean gestational age was 38.7+1.1 weeks. All had
Apgar scores at 5 minutes of not less than 8. Eighty-seven (16%) newborns had
hyperbilirubinemia requiring phototherapy. None required exchange transfusion. Causes of
neonatal hyperbilirubinemia were identified in 39 (44.8%) newborns: 26 G6PD deficiency, 7
Coombs’ positive ABO blood group incompatibility, 3 concurrent GE6PD deficiency and ABO
blood group incompatibility, 2 cephalohematoma, and 1 Hb H disease. A newborn with
deletional Hb H disease who had hyperbilirubinemia had no other known risk factors; he
was the first child of the family, born by normal delivery, had a birth weight of 2,700 g, had
elevated G6PD level (31.05 u/g Hb). Both mother and child had A, Rh(D) positive blood
group. The result of direct and indirect Coombs’ tests on the child’s blood were negative. All
9 newborns with Hb H disease (5 deletional Hb H disease, 2 Hb H/Hb Constant Spring
(CS) disease, 1 AEBart’'s disease and 1 AEBart'sCS disease) had elevated G6PD levels
(24.4+3.0 u/g Hb, range 21.1-31.1 u/g Hb).

Table 1: Clinical features of newborns classified by the presence or absence of neonatal

hyperbilirubinemia (NH)

Clinical features NH Non NH p-value
Number, n (%) 87 (16.0) 456 (84.0) -

Male gender, n (%) 45 (51.7) 233 (51.1) 0.92
Gestational age, meantSD, week 38.5+1.1 38.8+1.1 0.10

Birth weight, meantSD, g 3,026+380 3,138+349 0.007

Birth weight < 2,500 g, n (%) 5 (5.7) 9 (2.0) 0.05
Percentage of weight loss from birth 58124 5.5+2.3 0.37

within the admission, meanzSD, %
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Tables 2 and 3 respectively show the odds ratio and 95% CI for factors obtained by
univariate and multivariate binary logistic analyses. Delivery by vacuum extraction, ABO
blood group incompatibility and G6PD deficiency were associated with development of
neonatal hyperbilirubinemia. Cephalohematoma, type of feeding, percentage of weight loss,
OLO-thaIassemia carrier status and Hb H disease were not associated with neonatal

hyperbilirubinemia.
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Table 2: Univariate analysis of risk factors for neonatal hyperbilirubinemia

Factors NH Non NH Odds ratio p-value
n (%) n (%) (95% CI)

Delivery method

-Normal delivery 72 (82.8) | 396 (86.8) | reference group

-Vacuum extraction 11 (12.6) 18 (3.9) 3.4 (1.5-7.4) 0.003

-Forceps extraction 2 (2.3) 3 (0.7) 3.7 (0.6-22.3) 0.16

-Breech extraction 1(1.1) 2 (0.4) 2.8 (0.2-30.7) 0.41

-Caesarian section 1(1.1) 37 (8.1) 0.15 (0.02-1.10) 0.06

Cephalohematoma

-Presence 2(2.3) 4 (0.9) 2.7 (0.5-14.7) 0.25

-Absence 85 (97.7) | 452 (99.1) | reference group

Type of feeding

-Exclusive breast feeding 25 (28.7) | 146 (32.0) 0.9 (0.5-1.4) 0.55

-Breast and supplementary 62 (71.3) | 310 (68.0) | reference group

feeding

ABO blood group

- Mother Ofinfant A or B 19 (21.8) | 53 (11.6) 2.1 (1.2-3.7) 0.02

- Other 66 (75.9) | 382 (83.8) | reference group

-Unknown 2 (2.3) 21 (4.6)

G6PD enzyme status

-Normal 58 (66.7) | 398 (87.3) | reference group

-Intermediate deficiency 11 (12.6) 26 (5.7) 2.9 (1.4-6.2) 0.006

-Complete deficiency 18 (20.7) 32 (7.0) 3.9 (2.0-7.3) <0.001

Percentage of weight loss

-> 10% weight loss 3(3.4) 12 (2.6) 1.3 (0.4-4.7) 0.69

-< 10% weight loss 83 (95.4) | 432 (94.7) | reference group

-Unknown 1(1.1) 12 (2.6)

Alpha-thalassemia status

_Non O.-thalassemia carrier 82 (94.3) | 425(93.2) | reference group

-0’-thalassemia carrier 4 (4.6) 23 (5.0) 0.9 (0.3-2.7) 0.90

-Hemoglobin H disease 1(1.1) 8 (1.8) 0.7 (0.1-5.3) 0.65
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Table 3: Multivariate analysis of risk factors for neonatal hyperbilirubinemia

Factors Adjusted odds ratio p-value

(95% Cl)

Delivery method

-Normal delivery reference group

-Vacuum extraction 4.2 (1.9-9.7) 0.001
-Forceps extraction 4.1 (0.6-27.2) 0.14
-Breech extraction 2.6 (0.2-33.0) 0.45
-Caesarian section 0.15 (0.02-1.1) 0.06
ABO blood group

- Mother Ofinfant A or B 2.1 (1.1-3.9) 0.02
- Other reference group

G6PD enzyme status

-Normal reference group
-Intermediate deficiency 3.4 (1.5-7.6) 0.004
-Complete deficiency 4.2 (2.1-8.2) <0.001
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Allele frequencies of UGT1A1 polymorphisms at nt 211 and TATA promoter region

were 0.15 and 0.16 respectively. Neither was associated with neonatal hyperbilirubinemia in

G6PD deficient newborns. The results are shown in Table 4.

Table 4: UGT1A1 polymorphisms in G6PD deficient newborns classified by the presence or

absence of neonatal hyperbilirubinemia

UGT1A1 NH Non NH Total p-value
polymorphisms

Nucleotide 211 (G>A)

-G/G 20 (71.4) 40 (71.4) 60 (71.4) 0.77
-G/A 8 (28.6) 15 (26.8) 23 (27.4)

-A/A 0 1(1.8) 1(1.2)

TATA promoter (TA7)

-TA6/6 22 (75.9) 37 (66.1) 59 (69.4) 0.55
-TAG6/7 7 (24.1) 18 (32.1) 25 (29.4)

-TA7/7 0 1(1.8) 1(1.2)
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Discussion

This is a comprehensive study of the roles of clinical and genetic factors in the
development of neonatal hyperbilirubinemia in northern Thai newborns. The study shows a
high incidence of neonatal hyperbilirubinemia necessitating treatment in the population, and
emphasizes the important roles of factors including G6PD deficiency, ABO blood group
incompatibilities, and delivery by vacuum extraction, in neonatal hyperbilirubinemia. The

study also demonstrates that cephalohematoma, type of feeding, percentage of weight loss,

OLO-thaIassemia carriers and Hb H disease are not associated with neonatal
hyperbilirubinemia. UGT1A1 polymorphisms common in the population are not an additive
risk factor for neonatal hyperbilirubinemia in G6PD deficient newborns.

G6PD deficient newborns were at significantly higher risk for neonatal
hyperbilirubinemia. Hemizygous male and homozygous female G6PD-deficient newborns
were at higher risk for neonatal hyperbilirubinemia than their heterozygous counterparts with
intermediate deficiency of G6PD enzyme (adjusted odds ratio 4.2 and 3.4, respectively).
This demonstrated the dosage effect of G6PD deficiency on bilirubin metabolism. This
finding agrees with previous studies, and indicates that female carriers with intermediate
deficiency of G6PD enzyme are also at risk and should be monitored for neonatal
hyperbilirubinemia.%'27

ABO blood group incompatibilities were an important factor for neonatal
hyperbilirubinemia. In this study, Coombs’ tests were not routinely done, so it was not
possible to distinguish the effects of Coombs’ positive and negative ABO blood group
incompatibilities on the development of neonatal hyperbilirubinemia.

Delivery by vacuum extraction was a risk for neonatal hyperbilirubinemia. The
finding agrees with previous reports.m'28 The effect might be explained by an inevitably
higher possibility of soft tissue trauma and hemorrhage associated with the procedure.
Justifiably, Caesarian section seemed to be a protective factor, although the difference was
not significant. Cephalohematoma was not a risk factor. However the number of events was
small.

Oco-thalassemia carriers and Hb H disease were neither a risk nor a protective factor
for neonatal hyperbilirubinemia. This suggested negligible or no hemolysis in OLO-
thalassemia carriers. However, increased hemolysis was evident in Hb H disease as
indirectly indicated by elevated G6PD levels in all 9 Hb H newborns. In spite of this, only 1
had neonatal hyperbilirubinemia. This might imply that only a small number of newborns

with Hb H disease experienced hemolysis that was serious enough to lead to neonatal

RMU 5080034 Wi 22 ﬁqmﬁu 2553



hyperbilirubinemia. This interesting finding needs confirmation in larger Hb H disease
population.

UGT1A1 polymorphisms at nt 211 and TATA promoter region were previously

reported to associate with higher bilirubin levels and gallstones in Thai Hb E/B-thalassemia
patients.29 Prachukthum et al reported that only UGT1A1 polymorphisms at nt 211 was
related to neonatal hyperbilirubinemia in a case-control study of newborns from central
Thailand.15 In this study, the gene frequency of the UGT1A1 polymorphism at nt 211
polymorphism was slightly higher and that the polymorphism at TATA promoter region was
comparable with these previous studies. However, neither polymorphism increased the
incidence of neonatal hyperbilirubinemia in G6PD deficient newborns. Our finding agrees
with previous studies that UGT71A71 polymorphisms are not a risk factor for
hyperbilirubinemia in the G6PD deficient newborns.so’31 UGT1A1 polymorphisms were
reported to be an important risk for prolonged hyperbilirubinemia, especially in exclusively
breast-fed newborns.“'g A shorter period of observation and a lower portion of exclusively
breast-fed newborns in this study might have masked the effect of the polymorphisms.

Type of feeding was not different between the group with and without neonatal
hyperbilirubinemia. However, the exact amount of supplementary feeding in each newborn
was difficult to determine. This may have confounded the result in the supplementary group.
Percentage of weight loss was used as an indicator of dehydration. It was also found not
associated with neonatal hyperbilirubinemia. This again may be confounded by treatment as
supplementary feeding was usually given for newborns who lost more than a predetermined
percentage of birth weight.

The strength of this study is the large study population and the high prevalence of
G6PD deficiency, ABO incompatibility and COl-thalassemia, which allow for an identification
of the roles of each factor. The weakness of this study is that as we collected the clinical
data from hospital records, late-onset hyperbilirubinemia and readmissions to other
hospitals might have been missed. Another remark is that the rate of phototherapy may be
higher as some newborns were given phototherapy at lower bilirubin threshold while
awaiting investigation results.

This study confirms a high incidence of neonatal hyperbilirubinemia in northern Thai
population. It substantiates the roles of clinical factors including G6PD enzyme deficiency,

ABO blood group incompatibility, and delivery by vacuum extraction, and refutes the roles

of type of feeding, weight loss, Ol-thalassemia and common UGT7A1 polymorphisms in

combination with G6PD deficiency on neonatal hyperbilirubinemia.
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Study 2

Cord blood screening for O-thalassemia and hemoglobin variants
by isoelectric focusing in northern Thai neonates:

correlation with genotypes and hematologic parameters
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Introduction

Newborn screening for hemoglobinopathies aims to detect thalassemia syndromes
and hemoglobin (Hb) variants with significant effects to health, which would allow prevention
of complications, early management, and genetic counseling.1'2 Northern Thailand is among
areas in the world where both O- and B-hemoglobinopathies are highly prevalent and
interactions between different thalassemia genes lead to a diversity of thalassemia
genotypes.3_7 Through prenatal screening and diagnosis, severe thalassemia diseases,
including homozygous O-thalassemia 1 causing Hb Bart’'s hydrops fetalis, homozygous B-
thalassemia, and Hb E-P-thalassemia are usually detected prenatally.8 On the other hand,
Hb H disease, a condition with mild to moderate anemia caused by defects of three O-
globin genes leaving only one intact gene, is usually not searched for. Although generally of
mild severity, patients with Hb H disease may develop acute hemolysis necessitating blood
transfusion when they have fever. Some are transfusion dependent, and there have been
reports of hydrops fetalis associated with non-deletional Hb H disease.g'10 The prevalence
of Hb H disease is as high as 1:65 in the northern Thai population.3 Early identification
from the newborn period will facilitate proper parental education, and prevent complications,
unnecessary investigation, or iron treatment. Identification of carriers of thalassemia or Hb
variants, especially for Hb E which is common in the population, will also be useful for
family genetic counseling.

Several Hb analytic methods have been used for this purpose, including starch gel
electrophoresis, cellulose acetate gel electrophoresis, isoelectric focusing (IEF), and high
pressure liquid column chromatography (HPLC).ﬂ'20 Currently IEF and HPLC are widely
used. These methods can detect Ol-thalassemia carriers and diseases, B-thalassemia
diseases and most Hb variants. Identification of B-thalassemia carriers requires molecular
study, although lower Hb A amount has been shown to correlate with B-thalassemia

11,13 o . .
carriers and may be used as a primary screen. Identification of Ol-thalassemia depends

on the presence of Hb Bart's, which reflects an imbalance of 0O-globin and Y-globin
synthesis.m_21 The findings are seen most distinctively during the fetal and neonatal periods,
when the Y-globin production is active. Hb variants are characterized by the presence of a
varying amount of Hb with different electrophoretic properties than the normal pattern of Hb
F and Hb A in newborns.

IEF is an electrophoretic separation of different proteins according to their isoelectric

points (pls). A pH gradient is created by applying electrical current to an agarose gel
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containing low molecular weight amphoteric molecules with varying pls. Each Hb focuses at
the pH position which corresponds to its pI.22 IEF of Hbs in normal newborns typically
shows Hb F and Hb A. Acetylated Hb F (Hb Fac), which is a derivative of Hb F, is also
usually seen at approximately 10% of Hb F.21 Quantitation of each Hb fractions can be
further performed by a densitometric analysis of the gel. IEF has the advantage of high
discriminatory ability.m'm'23 The method is also highly sensitive, which is desirable for
newborn screening when some Hb variants are present in small amounts. However, the
method requires technical skills and reference values of different thalassemia syndromes,
and Hb variants prevalent in the target population need to be established.

Herein, we report on newborn screening for thalassemia syndromes and Hb variants
using IEF in a northern Thailand population where hemoglobinopathies are highly prevalent.
This report focuses on findings of Ol-thalassemia, Hb E, and other hemoglobin variants, and

their correlation with genotypes and hematologic parameters.
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Materials and Methods

The study protocol was approved by the institutional ethics committee. Informed
consent was obtained from the mothers. Five-hundred and sixty-six full-term newborns
(gestational age 37-42 weeks) of mothers with uneventful pregnancy who were born at
Chiang Mai University Hospital were included. After delivery of the newborn, the umbilical
cord was cleaned with povidone iodine, and an 18-gauge needle was inserted into an
umbilical vein to collect 5 mL of blood samples in EDTA. The blood samples were kept at
4°C until analysis.

The Hb level and red cell indices were determined with an electronic cell counter
(Beckman Coulter AC-T 5diff Hematology Analyzer) within 48 hours of blood collection. IEF
was performed within 4 weeks of blood collection using a Resolve Hemoglobin Kit
(PerkinElmer Life and Analytical Sciences, Turku, Finland) as per the manufacturer's
recommendation. After electrophoresis, the gels were scanned and analyzed by IsoScan®
software (PerkinElmer Life and Analytical Sciences, Turku, Finland). Firstly the Hb fractions
were outlined and percentages were automatically determined by the software program.
Then the results were re-examined by two staff members for faint bands that were not
automatically detected. The faint bands were outlined manually.

Genomic DNA was extracted from leukocytes by Chelex method.24 Alpha-globin
gene mutations were identified by polymerase chain reaction for three Ol-globin gene

SEA 3 -4.2
)

deletions: Southeast-Asian (- - ), 3.7 kb (-0l '7) and 4.2 kb (-0L ) deletions; and a point

mutation at termination codon causing Hb Constant Spring (Hb CS, (1142 T_COL) by methods
described previously.””

Amplification refractory mutation system (ARMS)-polymerase chain reaction (PCR)
for Hb Q-Thailand (-0.""
of Hb Q-Thailand carrier. Three primers were used: Hb Q-S (5-AGT ATG GTG CGG AGG
CCC TGG AGA-3’), a common upstream primer; Hb Q-N (5-CAG GGC GGA CAG CGC
GTT GGG CAT GTC GTC-3'); and Hb Q-M1 (5-CAG GGC GGA CAG CGC GTT GGG

CAT GTC GAG-3’). The Hb Q-N and Hb Q-S produced a 293 bp fragment from normal

G_C) mutation was performed in 2 samples to confirm the diagnosis

templates and the Hb Q-M1 and Hb Q-S produced a 293 bp fragment from mutational
templates. Two primers were used as controls: AE12 (5-TGC AAT CAT TCG TCT GTT
TCC C-3’) and SE12 (5-AGA AGA GCC AAG GAC AGG TAC G). The control product was

660 bp in length. The PCR mixture (25 LLL) contained 8 LLL DNA, 0.1 LLmol/L of each

primer, 200 LLmol/L dNTPs, 1 unit of Platinum® Taq DNA polymerase (Qiagen, Germany),
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in 1X PCR buffer (20 mmol/L tris-HCI (pH8.4) and 50 mmol/L KCI), and 1.5 mmol/L MgCl,.
After a 15-minute initial denaturation at 95°C, 35 cycles of 94°C 60 S, 56°C 60 s and 72°C 2
min were performed on a GeneAmp PCR system 9700 (Perkin Elmer, CT, USA). The PCR
products were analyzed by electrophoresis on a 2% agarose gel containing 0.5 mg/mL of
ethidium bromide. The DNA bands were detected by UV light and documented using a Bio-
Rad Gel Doc 1000 system.

Identification of HbE (B26 G-A) mutation was performed by an ARMSPCR in 65
samples with the presence of an additional band at the Hb A2 position to confirm the
diagnosis of Hb E carrier. The method was as described previously.28 ARMS-PCR for B
thalassemia and real-time PCR for B-globin gene deletion (B3.5 kb del) were performed on
a case with Hb E-B-thalassemia by methods described previously.zs'29

Records of newborn admissions were reviewed. Factors that may interfere with
hematologic parameters, such as infections, maternal diabetes mellitus, Rh(D) compatibility,
or congenital anomalies, were searched for. If any of these factors were present, only the
results of globin genotypes and IEF were included for analysis; hematologic parameters
were excluded.

Hematologic and hemoglobin parameters were summarized for each Ol-globin and

BE genotypes and were expressed as means and standard deviations.
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Results

Two hundred and seven out of 566 newborns (36.6%) had thalassemia genes or Hb
variants. Alpha-thalassemia 2 (3.7 and 4.2 kb deletions) carrier was the most common
genotype (15.0%), followed by Hb E carrier (7.2%), O-thalasemia 1 (Southeast Asian
deletion) carrier (4.9%), Hb CS carrier (2.7%), and Hb Q-Thailand carrier (0.4%). Nine

SEA/_a3.7), 2

newborns (1.6%) had Hb H disease: 5 cases of deletional Hb H disease (- -
non-deletional Hb H disease (- -SEA/(XCSOL), and 2 double heterozygous Hb H disease and
Hb E carrier. One was a compound heterozygote for Hb E-]P-thalassemia (B3'5 © deI/B26 G_A).
Overall, there were 17 thalassemia and Hb variant genotypes. Their prevalence is shown in

Table 1. The Hb patterns seen in each genotype are shown in Table 2.
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Table 1 Genotypes of thalassemia and hemoglobin variants

Genotype Number (%)
Single Ol-globin gene defect aov-o>” 80 (14.1)
-0 5(0.9)
oo/ o 15 (2.7)
Two Ol-globin gene defect oo 4 (0.7)
o a%a 1(0.2)
oLoL/- - SEA 28 (4.9)
Hb H disease IR, 5 (0.9)
. SEA/ aCSa 2 (04)
0L-globin variant aoy-o e 2 (0.4)
Normal Ol-globin gene oovoa, B/BE 41 (7.2)
and Hb E carrier
Single Ol-globin gene defect a0, ﬁ/BE 14 (2.4)
and Hb E carrier oo/ o, BB 5 (0.9)
Two O-globin gene defect oLou/-- SEA, ﬁ/BE 1(0.2)
and Hb E carrier 0 0%, B/BE 1(0.2)
Hb H disease o BT 1(0.2)
and Hb E carrier =S aa, B/BE 1(0.2)
Hb E- B-thalassemia oovoa, BO/BE 1(0.2)
Normal Ol-globin gene oLoL/oLat 359 (63.4)
Total 566 (100)
RMU 5080034 wi 33
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Table 2 Hemoglobin patterns in correlation with genotypes

Genotype Number Hb Bart's Hb A Hb A,/E Hb variant
(562) (%) (%) (%) (%)
Normal Ol-globin gene (0LOL/OLOL) 357 0.02+0.12 20.746.2 - -
Single O.-globin gene defect
- oov-o, aoy-ot 85 0.14£0.40 222471 - -
- oo 14 0.48+0.53 18.4+3.7 - -
Two Ol-globin gene defect
S el e 4 3.7+0.5 19.9+£3.5 - -
- 0o 1 6.1 214 - -
_ oLoy- - SEA 27 6.16+1.94 24.4+58
Deletional Hb H disease 5 25.2+1.8 24.5+4.6 - -
(_ R SEA/_a-SJ)
Non-deletional Hb H disease 2 33.5, 39.0 27.3, 15.3 - -
(_ _ SEA/ aCS(X)
Hb Q-Thailand carrier 2 0, 0.6 11.9, 16.7 - Q5.3/Qy22.2,
(ouou-0. " Q6.3/QY18.7
Normal Ol-globin gene and Hb E 41 0.06+0.24 13.2+£3.9 1.9+1.0 -
carrier (aLovaiot, B/B°)
Single O.-globin gene defect and
Hb E carrier
- (1(1/-0(3'7, B/BE 14 0.0310.11 13.7¢4.5 1.9£0.9 -
- oo, BP° 5 0.740.9 15.745.6 1.621.1 -
Two Ol-globin gene defect and
Hb E carrier
- ao~ " PPE 1 42 17.1 1.8 -
- oY acsa, B/BE 1 12.9 11.9 0.5 -
Deletional Hb H disease and Hb 1 23.8 8.6 1.0 -
E carrier (- - ° =00, BIB%)
Non-deletional Hb H disease 1 29.4 17.0 2.1 -
and Hb E carrier (-- SEA/ O.CS(X,
BB
Hb E- B-thalassemia (oo, 1 - - 22 -

S

Values are presented as means+SD or as raw data where appropriate. CS: Hb Constant Spring, SEA: Southeast Asian

deletion
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Table 3 Hematologic parameters in correlation with genotypes

Genotype Number Hb Hct MCV MCH RBC
(425) (g/dL) (%) (fL) (p9) (x10"1L)
Normal Ol-globin gene (CLOL/CLOL) 266 15.7£1.4 47.3+4.6 106.0+4.2 35.311.6 4.520.4
Single Ol-globin gene defect
- oo, aov-ort? 66 15.421.4 47.0£4.3 98.4+4.4 32.3+1.6 4.820.4
- oooaSa 13 14.2+1.5 43.0+3.8 100.0+2.4 33.0£0.8 4.320.4
Two Ol-globin gene defect
- ot 2 13.4,13.8 43.0, 45.7 86, 91 27.0,27.5 5.0, 5.0
- 0 o % 1 14.4 442 85 27.6 5.2
_ oo~ - SEA 20 144114 45.7+4 .4 87.8+3.0 27.6+0.8 5.240.5
Hb H disease
N 7 4 11.9+0.5 39.8+2.7 75.5£4.0 22.640.7 5.3+0.1
- o 2 12.5,14.3 42.9, 48.6 80, 84 234,245 53,58
Hb Q-Thailand carrier 2 15.3, 16.7 45.8, 50.4 96, 96 31.9, 31.9 48,52
(a(x/_(xQ-Thailand)
Normal Ql-globin gene and Hb E 31 15.8+1.4 47.844.3 104.1+4.5 34.4+1.6 4.6+0.4
carrier (QLOV/OLQL, B/ﬁE)
Single Ol-globin gene defect and
Hb E carrier
- OLOL/-OL'”, B/BE 9 14.4+1.5 43.5%4.3 95.845.3 31.7+2.3 4.620.4
- oo, B/BE 4 14.4+0.5 43.5+1.5 97.0£3.5 32.0£1.4 4.5+0.3
Two Ol-globin gene defect and
Hb E carrier
- oo B/BE 1 13.5 433 84 26.2 5.1
- 0 0%, B/BE 1 12.8 30.8 95 30.4 4.2
Deletional Hb H disease and Hb 1 12.4 42.0 77 22.7 5.5
E carrier (- - °1-00"", BIBF)
Non-deletional Hb H disease 1 10.8 36.4 84 25.0 43
and Hb E carrier (-- SEA/ (ICSOL,
BB
Hb E- B-thalassemia aov/oa, 1 154 46.0 103 34.3 4.5
BB

Hb: hemoglobin, Hct: hematocrit, MCV: mean corpuscular volume, MCH: mean corpuscular hemoglobin, RBC: red blood

cell count
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Twenty-one samples were excluded from hematologic analysis for the following

reasons: 9 congenital anomalies, 8 infections requiring antibiotics, 2 maternal class A1

diabetes mellitus, and one each of Rh (D) incompatibility and maternal hepatitis B virus

carrier. One hundred and twenty samples were further excluded because of delayed

analysis after 48 hours. The hematologic parameters seen in each genotype are shown in

Table 3.

Using an MCV < 95 fL, MCH <30 pg, or Hb Bart's level = 3.0% as a cutoff point to

screen for Ol-thalassemia 1, sensitivity, specificity, positive predictive value (PPV), and

negative predictive value (NPV) are shown in Table 4.

Table 4 Sensitivity, specificity, PPV, and NPV using an MCV <95 1L, MCH <30 pg, or Hb

Bart’s level = 3.0% as a cutoff point to screen for Ol-thalassemia 1

Cutoff point Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Bart's level = 3.0% | 100 98.9 82.4 100
MCV < 95 fL 100 92.4 41.2 100
MCH < 30 pg 100 98.0 724 100

An additional band at Hb A, position was seen in 65 samples. All tested positive for

Hb E mutation. Two Hb Q-Thailand carriers had two additional Hb fractions apart from Hb F

and Hb A, one at Hb Q position and another larger fraction cathodal to Hb Q. They were

confirmed to carry the mutation by PCR.
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Discussion

This report demonstrates that IEF is a useful method for neonatal screening of
thalassemia and hemoglobinopathies. High prevalence of thalassemia in the study
population allowed for a diversity of laboratory findings. The allele frequencies were
comparable to previous studies where (Ol-thalassemia 2 was highly prevalent, although the
frequency of Ol-thalassemia 1 was Iower.3'4

For O-thalassemia, the visualization of Hb Bart's depicted Ol-thalassemia carriers
and Hb H diseases. Percentage of Hb Bart's increased with the number of mutated O-
globin allele and could distinguish unambiguously among normal individuals, carriers of two
Ol-globin gene defects, and Hb H diseases. In addition, higher Hb Bart’s level was seen in
non-deletional Hb H diseases compared to deletional Hb H diseases. Hb Bart's level was
more than 3.0% in all Ol-thalassemia 1 carriers. This level can be used as a cutoff point for
screening with high sensitivity and specificity. Similarly, Hb Bart’s level of more than 20%
can be used to identify Hb H disease.

On the other hand, the findings in carriers of single Ol-globin gene mutation were
less clear. The Hb Bart’s percentage in this group varied from nil to a small amount where
a faint band of Hb Bart's (up to 1.0%) was also seen in individuals without detectable
common (l-globin gene mutations. This finding agreed with previous studies where a
minimal amount of Hb Bart’'s might be found in individuals with apparently normal Ol-globin
genes.M’19

One limitation to this study was that other less common COl-globin gene mutations
such as Hb Paksee, which might cause an elevation of Hb Bart’'s, were not looked for.
Another less common Ol-thalassemia 1, Thai-deletione, was not likely to be present, as all
cases with high Hb Bart’'s had two or three known Ol-globin gene defects.

Hb Q-Thailand, or Hb Mahidol, or Hb G-Taichung (-OL74 G_C), was firstly reported in
1970.”>* Compound heterozygosity of Oi-thalassemia 1 and Hb Q-Thailand (- -/-0"" G_C)
resulted in the Hb H phenotype. Herein an Hb pattern in two newborns who were carriers of
Hb Q-Thailand was demonstrated. Apart from Hb F, Hb A, and a small amount of Hb Q as
seen in an adult carrier, an additional band was present cathodal to Hb Q, which was likely

a combination of Y-globin and the Ol-globin variant. Hb Bart's was seen in a small amount

in one case and absent in the other, in the same range as carriers of single-0L gene defect.
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Hb A, usually does not present or presents in a very small amount in newborns.
The presence of an Hb fraction at the Hb A, position in Thai newborns usually indicates Hb
E.20 In this study, all samples with a band at the Hb A, position were confirmed Hb E
carriers. One case with Hb E and absent Hb A was a compound heterozygosity of B-
thalassemia and Hb E. A similar Hb pattern of FE was also seen in Hb E homozygotes.
Lorey et al demonstrated that the Hb E level in newborns with Hb E-P-thalassemia was
markedly lower than in newborns with homozygous Hb E.33 Our patient’'s Hb E level of
2.2% agreed with this previous report.

Red blood cell indices can discriminate between normal individuals, carriers of two
0Ol-globin gene defects, and Hb H diseases. MCV < 95 fL or MCH < 30 pg can be used to
screen for Ol-thalassemia 1 with high sensitivity and specificity. MCV < 85 fL or MCH < 26

pg suggest a diagnosis of Hb H disease.

Interestingly, carriers of two Ol-globin gene mutations also have slightly lower Hb
levels and individuals with Hb H disease have lower Hb levels than normal. A recent report
by Srisupundit et al also demonstrated differences in Hb, MCV, MCH, and MCHC among
Hb Bart’s diseases, O-thalassemia 1 carriers, and normal fetuses at mid-gestation [34]. This
portrayed the crucial role of O-globin genes from the fetal period. On the contrary, as -
globin genes are the main functioning non Ol-globin genes during the fetal and neonatal
periods, mutations of B-globin genes are expected to cause less hematological changes.
As seen in this study, mean Hb and Hct were not different between Hb E carriers and non-
carriers, and the differences of MCV and MCH were minimal. Lower Hb A levels were seen
in newborns who were carriers for B-thalassemia.ﬂ'13 This subject was beyond the scope of
this study. However, it was observed that newborns who were carriers for Hb E had lower
levels of Hb A than the non-carriers.

Another interesting finding in the study concerns the effect of concurrent Hb E on
Hb H disease. Hb H disease patients with concurrent Hb E beyond infancy were known to
have lower level of Hb H and Bart’'s than those without Hb E.6 From the current study, two
newborns who had Hb H disease and concurrent Hb E had only slightly lower levels of Hb
Bart’s than other newborns with Hb H disease. This also demonstrated a lesser effect of the
B-globin gene mutation during the newborn period.

A weak point in this study was a possible effect of Hb degradation, as IEF analysis
was performed in whole blood samples that were kept up to four weeks. Wajcman et al
reported an accurate identification of several Hb variants by IEF from dried blood samples

after prolonged storage.35 Roa et al performed serial analysis by HPLC of dried blood
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specimens stored at room temperature and reported that the loss of Hb A was 22% at 10
weeks of storage. With the presence of Hb F, the Hb A degradation was accelerated. It was
concluded that Hb quantitation by HPLC was accurate within three weeks of storage and
identification could be achieved at six weeks.36

Compared with a recently reported neonatal screening of thalassemia and Hb
variants by HPLC by Tritipsombat et alzo, IEF demonstrated a similarly high discriminating
ability. It was notable that the levels of Hb Bart's and Hb E determined by IEF were slightly
less than those obtained by HPLC.19’20 This could be due to the differences between the
methods, though the effects of Hb degradation may also be a factor. Hb Bart's ranges by
IEF were more comparable to those obtained by cellulose acetate gel electrophoresis.15"16'18

In summary, IEF screening for Ol-thalassemia and Hb variants in newborns
correlates well with the globin genotypes. The method can clearly differentiate between
carriers of two Ol-globin gene mutations, Hb H diseases, Hb Q-Thailand carriers, Hb E
carriers, and an Hb E-B-thalassemia compared to normal individuals. For carriers of single
Ol-globin gene mutation, Hb Bart's may be either absent or present in a small amount and
is therefore not reliable for screening. MCV and MCH are also useful for differentiating two
Ol-globin gene defects and Hb H diseases, but not for Hb E carriers or carriers of single O-

globin gene mutation.
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Study 3

Prevalence and molecular characterization of

glucose-6-phosphate dehydrogenase deficiency in northern Thailand
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Introduction

Glucose-6-phosphate dehydrogenase (G6PD) deficiency is the most common
inherited enzymopathy.m As G6PD deficiency protects against malarial infection, the
prevalence is high in endemic area of malaria including southeast-Asia and Thailand.(1'2)
G6PD enzyme catalyzes a production of nicotinamide adenine dinucleotide phosphate
(NADPH) in pentose phosphate pathway. NADPH is essential for the conversion of
glutathione to a reduced form, which functions as an antioxidant. G6PD-deficient red blood
cells are subjected to oxidation injury and premature hemolysis.(g)

Individuals with G6PD deficiency are usually asymptomatic, but may present with
acute hemolysis when exposed to oxidizing agents. They are also at increased risk of
neonatal hyperbilirubinemia. A small subset of GEPD-deficiency presents with chronic
hemolytic anemia.(s)

G6PD deficiency has an X-linked recessive inheritance. Symptomatic patients are
mostly hemizygous males, and also the less common homozygous females. Some
heterozygous females may have a decreased level of G6PD enzyme in the intermediate-
deficient range, a phenomenon attributed to the skewed inactivation of X-chromosome as
described by Lyon in 1961.(4) G6PD-deficient heterozygous females may experience acute
hemolysis and are also at increased risk for neonatal hyperbilirubinemia.(S'Y)

G6PD deficiency is common in Thai population with the prevalence rage of 3-18%
in males.(s) G6PD Viangchan (871G>A) is reportedly the most common variant in the
population in the central and southern Thailand.(g'm) G6PD Mahidol (487G>A) was also
reported to be the most common variant in the south.m’m) Other common mutations include
G6PD Kaiping (1388G>A), G6PD Canton (1376G>T), G6PD Union (1360C>T) and G6PD

Chinese-5 (1024C>T).(g'10) The molecular features are similar to those in Laotiansm),

(14,15) . (16,17) . (18,19) . (20)
Burmese , Cambodians , Malaysians , southern Vietnamese ~, and southern

Chinese(21’22). The finding suggests common ancestral origin of Thais with other population
in southeast-Asia.

Northern Thailand is bordered by Myanmar and Laos, and is close to the southern
part of China. This study took place in Chiang Mai, the major province of northern Thailand.
The population comprises mainly Thais and assimilated Chinese. In the mountainous areas
around Chiang Mai, there are several tribal groups including Karen, Lahu, Hmong, Lisu,

Akha, Yao, Lua, Palong and Tai.
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Herein we report the prevalence of G6PD deficiency and molecular characterization
of the G6PD variants in northern Thai newborns. The study shows that G6PD deficiency
has a high prevalence of 17% among male newborns. The mutations are heterogeneous.
G6PD Mahidol, G6PD Kaiping, G6PD Canton, and G6PD Viangchan are the most common

mutations.
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Materials and Methods

Neonatal cord blood screening for G6PD deficiency was conducted. The study
protocol was approved by the Institutional Ethics Committee. Informed consent was
obtained from the mothers. Full-term newborns (gestational age 37-42 weeks) of mothers
with uneventful pregnancy who were born at Chiang Mai University Hospital were included.
After delivery of the newborn, umbilical cord blood was collected; 7 mL in ACD for G6PD
assay and 5 mL in EDTA for DNA study. The blood samples were kept at 4°C until
analysis. The samples were tested for G6PD enzyme level. The samples which were G6PD
deficient were further tested for G6PD mutations.

G6PD assay was performed according to the WHO method within 7 days of blood
coIIection.(zg) Average G6PD level in cord blood from male newborns was 12.5+2.3 |U/g Hb.
Complete and intermediate deficiency of G6PD enzyme were defined by a level of less than
1.5 and 1.5-8.0 1U/g Hb respectively.

Genomic DNA was extracted from leukocytes by Chelex method.(24) Six common
G6PD mutations previously reported in Thailand were tested. G6PD Viangchan (871G>A),
G6PD Mahidol (487G>A), G6PD Kaiping (1388G>A), G6PD Canton (1376G>T), G6PD
Union (1360C>T) and G6PD Chinese-5 (1024C>T) were tested using polymerase chain

10, 25
reaction-restriction fragment length analysis as previously described.( )
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Results

Ninety of five hundred and sixty-six newborns (16%) had G6PD deficiency. The
prevalence in male newborns was 17% (48 of 289 male newborns). The prevalence of
female newborns having an intermediate deficiency and a complete deficiency of G6PD
enzyme was 13% (37 of 277 female newborns) and 1.8% (5 of 277 female newborns)
respectively.

The type of G6PD mutations are shown in table 1. G6PD Mahidol, G6PD Kaiping,
G6PD Canton and G6PD Viangchan are the most common mutations. These four mutations

combined comprise about 70% of G6PD mutations in the population.

RMU 5080034 TN 48 ﬁqmﬁu 2553



Table 1 G6PD mutations in northern Thais

Level of G6PD | Number | Number of G6PD mutations
deficiency of alleles Mahidol Kaiping | Canton | Viangchan Union Chinese- | Unknown
cases 5

Complete- 48 48 10 10 6 5 5 2 10

deficient males

Intermediate- 37 37 9 6 6 4 2 0 10

deficient

females

Complete- 5 10 - 1 3 4 - - 2

deficient

females

Total, n (%) 90 95 (100) 19 (20) | 17 (18) | 15 (16) 13 (14) 7(7) 2 (2) 22 (23)
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Discussion

The prevalence of G6PD deficiency is high in northern Thai population. Interestingly,
as high as 1.8% of female newborns had deficiency of G6PD enzyme in the homozygous
range. The finding is comparable with the calculated probability from the allele frequency of
G6PD variants (q) by Hardy-Weinberg principle. The allele frequency in our population is
0.1661, portion of G6PD deficient homozygous female equals to q2, therefore the calculated
prevalence is ~2.8% in females.

In northern Thai newborns, G6PD Mahidol, G6PD Kaiping, G6PD Canton and G6PD
Viangchan are the most common mutations. G6PD Mahidol is the most common mutation,
although the prevalence of these four mutations are about the same (range 14-20%). This
finding is similar to the studies in southern Thailand.m'm However, it is different from recent
studies which reported G6PD Viangchan as the most common G6PD variant, in central
Thai population by Nuchprayoon et al(m) and southern Thai population by Laosombat et al.(g)

(1419 The geographic

G6PD Mahidol is the most common variant in Myanmar.
proximity between Chiang Mai and Myanmar may explain the genetic similarity between the
study population and the Burmese.

G6PD Kaiping and G6PD Canton are common in southern China and
Taiwan.(21’22’26) These two mutations are prominent in the study population, supporting the
assimilation of the Chinese to northern Thailand.

The presence of G6PD Mahidol, G6PD Kaiping, G6PD Canton and G6PD
Viangchan point toward a common ancestry of the northern Thais with other southeast-
Asian and southern Chinese population. The higher proportion of G6PD Mahidol, G6PD
Kaiping, G6PD Canton in our population as opposed to G6PD Viangchan being the
commonest mutations in the other parts of Thailand suggests a significant genetic drift from
China and Myanmar into the region.

This study confirms the high prevalence of G6PD deficiency, and describes the new
findings on characteristics of G6PD mutations in northern Thailand. The G6PD variants are
heterogeneous and share similarity with surrounding regions, especially with Myanmar and

Southern China.
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We describe the screening of newborns for thalassemia and Hb variants by using isoelectric focusing (IEF) in
a population from northern Thailand where hemoglobinopathies are highly prevalent. The report focuses
on findings of a-thalassemia, Hb E, and other hemoglobin variants, and their correlation with genotypes

(Communicated by D. Nathan, M.D and hematologic parameters. Two-hundred and seven out of 566 newborns (36.6%) had thalassemia
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genes or Hb variants. Seventeen different genotypes were found. Nine cases (1.6%) of Hb H disease (five
deletional Hb H diseases, two Hb H/Constant Spring diseases, one deletional Hb H disease/Hb E, carrier and
one Hb H/Constant Spring disease/Hb E carrier) and one Hb E-p-thalassemia were identified. IEF could
clearly distinguish Hb H diseases and carriers of two o-globin gene defects from normal individuals
according to the presence of Hb Bart's and its percentage. For carriers of a single o-globin gene defect, Hb
Bart's was either absent or present in a small amount and was therefore not reliable for screening. The
presence of an additional band at the Hb A, position in the newborns signified an Hb E carrier. One case of an
absent Hb A and a presence of Hb E was identified as Hb E-B-thalassemia. Two Hb Q-Thailand carriers were
seen with two additional Hb fractions, presumably combinations of 'y-globin and B-globin with the a-globin
variant. Newborns with Hb H disease had lower Hb, MCV, and MCH levels than normal. MCV and MCH were
also useful for differentiation of carriers of two a-globin gene defects, but not for carriers of Hb E or single
a-globin gene defect. IEF was a reliable method for neonatal cord blood screening for a-thalassemia and Hb

variants.

© 2010 Elsevier Inc. All rights reserved.

Introduction

Newborn screening for hemoglobinopathies aims to detect thalas-
semia syndromes and hemoglobin (Hb) variants with significant effects
to health, which would allow prevention of complications, early
management, and genetic counseling [1,2]. Northern Thailand is
among areas in the world where both a- and 3-hemoglobinopathies
are highly prevalent and interactions between different thalassemia
genes lead to a diversity of thalassemia genotypes [3-7]. Through
prenatal screening and diagnosis, severe thalassemia diseases, including
homozygous «-thalassemia 1 causing Hb Bart's hydrops fetalis,
homozygous P-thalassemia, and Hb E-pB-thalassemia are usually
detected prenatally [8]. On the other hand, Hb H disease, a condition
with mild to moderate anemia caused by defects of three c-globin genes

* Corresponding author. Division of Hematology, Department of Pediatrics, Faculty of
Medicine, Chiang Mai University, Chiang Mai 50200, Thailand. Fax: +66 53 946461.
E-mail address: pcharoen@med.cmu.ac.th (P. Charoenkwan).

1079-9796/$ - see front matter © 2010 Elsevier Inc. All rights reserved.
doi:10.1016/j.bcmd.2010.02.015

leaving only one intact gene, is usually not searched for. Although
generally of mild severity, patients with Hb H disease may develop acute
hemolysis necessitating blood transfusion when they have fever. Some
are transfusion dependent, and there have been reports of hydrops
fetalis associated with non-deletional Hb H disease [9,10]. The
prevalence of Hb H disease is as high as 1:65 in the northern Thai
population [3]. Early identification from the newborn period will
facilitate proper parental education, and prevent complications,
unnecessary investigation, or iron treatment. Identification of carriers
of thalassemia or Hb variants, especially for Hb E which is common in
the population, will also be useful for family genetic counseling.
Several Hb analytic methods have been used for this purpose,
including starch gel electrophoresis, cellulose acetate gel electropho-
resis, isoelectric focusing (IEF), and high pressure liquid column
chromatography (HPLC) [11-20]. Currently IEF and HPLC are widely
used. These methods can detect a-thalassemia carriers and dis-
eases, -thalassemia diseases and most Hb variants. Identification of
3-thalassemia carriers requires molecular study, although lower Hb A
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amount has been shown to correlate with B-thalassemia carriers and
may be used as a primary screen [11,13]. Identification of a-thalassemia
depends on the presence of Hb Bart's, which reflects an imbalance of
a-globin and vy-globin synthesis [15-21]. The findings are seen most
distinctively during the fetal and neonatal periods, when the vy-globin
production is active. Hb variants are characterized by the presence of a
varying amount of Hb with different electrophoretic properties than the
normal pattern of Hb F and Hb A in newborns.

IEF is an electrophoretic separation of different proteins according
to their isoelectric points (pls). A pH gradient is created by applying
electrical current to an agarose gel containing low molecular weight
amphoteric molecules with varying pls. Each Hb focuses at the pH
position which corresponds to its pl [22]. IEF of Hbs in normal
newborns typically shows Hb F and Hb A. Acetylated Hb F (Hb Fac),
which is a derivative of Hb F, is also usually seen at approximately 10%
of Hb F [21]. Quantitation of each Hb fractions can be further
performed by a densitometric analysis of the gel. IEF has the
advantage of high discriminatory ability [12,21,23]. The method is
also highly sensitive, which is desirable for newborn screening when
some Hb variants are present in small amounts. However, the method
requires technical skills and reference values of different thalassemia
syndromes, and Hb variants prevalent in the target population need to
be established.

Herein, we report on newborn screening for thalassemia syn-
dromes and Hb variants using IEF in a northern Thailand population
where hemoglobinopathies are highly prevalent. This report focuses
on findings of a-thalassemia, Hb E, and other hemoglobin variants,
and their correlation with genotypes and hematologic parameters.

Materials and methods

The study protocol was approved by the institutional ethics
committee. Informed consent was obtained from the mothers. Five-
hundred and sixty-six full-term newborns (gestational age 37-
42 weeks) of mothers with uneventful pregnancy who were born at
Chiang Mai University Hospital were included. After delivery of the
newborn, the umbilical cord was cleaned with povidone iodine, and
an 18-gauge needle was inserted into an umbilical vein to collect 5 ml
of blood samples in EDTA. The blood samples were kept at 4 °C until
analysis.

The Hb level and red cell indices were determined with an
electronic cell counter (Beckman Coulter AS-T 5diff Hematology
Analyzer) within 48 h of blood collection. IEF was performed within
4 weeks of blood collection using a Resolve Hemoglobin Kit
(PerkinElmer Life and Analytical Sciences, Turku, Finland) as per the
manufacturer's recommendation. After electrophoresis, the gels were
scanned and analyzed by IsoScan® software (PerkinElmer Life and
Analytical Sciences). Firstly the Hb fractions were outlined and
percentages were automatically determined by the software program.
Then the results were re-examined by two staff members for faint
bands that were not automatically detected. The faint bands were
outlined manually.

Genomic DNA was extracted from leukocytes by Chelex method
[24]. Alpha-globin gene mutations were identified by polymerase chain
reaction for three a-globin gene deletions: Southeast-Asian (- -SEA),
3.7 kb (—a=>7) and 4.2 kb (—a~*2) deletions; and a point mutation at
termination codon causing Hb Constant Spring (Hb CS, o'4? o) by
methods described previously [25-27].

Amplification refractory mutation system (ARMS)-polymerase
chain reaction (PCR) for Hb Q-Thailand (—a’* €) mutation was
performed in two samples to confirm the diagnosis of Hb Q-Thailand
carrier. Three primers were used: Hb Q-S (5’-AGT ATG GTG CGG AGG
CCC TGG AGA-3’), a common upstream primer; Hb Q-N (5’-CAG GGC
GGA CAG CGC GTT GGG CAT GTC GTC-3’); and Hb Q-M1 (5’-CAG GGC
GGA CAG CGC GTT GGG CAT GTC GAG-3’). The Hb Q-N and Hb Q-S
produced a 293 bp fragment from normal templates and the Hb Q-M1

and Hb Q-S produced a 293 bp fragment from mutational templates.
Two primers were used as controls: AE12 (5’-TGC AAT CAT TCG TCT
GTT TCC C-3’) and SE12 (5’-AGA AGA GCC AAG GAC AGG TAC G). The
control product was 660 bp in length. The PCR mixture (25 ul)
contained 8 pl DNA, 0.1 pmol/1 of each primer, 200 umol/1 dNTPs,
1 unit of Platinum® Taq DNA polymerase (Qiagen, Germany), in 1x
PCR buffer (20 mmol/1 Tris-HCI (pH 8.4) and 50 mmol/l KCI), and
1.5 mmol/l MgCl,. After a 15-min initial denaturation at 95 °C, 35
cycles of 94 °C 60 s, 56 °C 60 s and 72 °C 2 min were performed on a
GeneAmp PCR system 9700 (Perkin Elmer, CT, USA). The PCR products
were analyzed by electrophoresis on a 2% agarose gel containing
0.5 mg/ml of ethidium bromide. The DNA bands were detected by UV
light and documented using a Bio-Rad Gel Doc 1000 system.

Identification of Hb E (3%¢ ¢*) mutation was performed by an ARMS-
PCR in 65 samples with the presence of an additional band at the Hb A,
position to confirm the diagnosis of Hb E carrier. The method was
described previously [28]. ARMS-PCR for R-thalassemia and real-time
PCR for R-globin gene deletion (33 > d¢!y were performed on a case
with Hb E-B3-thalassemia by methods described previously [28,29].

Records of newborn admissions were reviewed. Factors that may
interfere with hematologic parameters, such as infections, maternal
diabetes mellitus, Rh(D) compatibility, or congenital anomalies, were
searched for. If any of these factors were present, only the results of
globin genotypes and IEF were included for analysis; hematologic
parameters were excluded.

Hematologic and hemoglobin parameters were summarized for
each a-globin and BE genotypes and were expressed as means and
standard deviations.

Results

Two-hundred and seven out of 566 newborns (36.6%) had
thalassemia genes or Hb variants. Alpha-thalassemia 2 (3.7 and
4.2 kb deletions) carrier was the most common genotype (15.0%),
followed by Hb E carrier (7.2%), o-thalassemia 1 (Southeast Asian
deletion) carrier (4.9%), Hb CS carrier (2.7%), and Hb Q-Thailand
carrier (0.4%). Nine newborns (1.6%) had Hb H disease: five cases of
deletional Hb H disease (- -SfA/—a37), two non-deletional Hb H
disease (- -S4/ “ar), and two double heterozygous Hb H disease and
Hb E carrier. One was a compound heterozygote for Hb E-p-
thalassemia (B3> ' del/326 G-A) Qverall, there were 17 thalassemia
and Hb variant genotypes. Their prevalence is shown in Table 1. The
Hb patterns seen in each genotype are shown in Table 2.

Twenty-one samples were excluded from hematologic analysis for
the following reasons: nine congenital anomalies, eight infections

Table 1
Genotypes of thalassemia and hemoglobin variants.
Genotype Number (%)
Single a-globin gene defect aa/—a>7 80 (14.1)
oo/ —o 42 5(0.9)
aa/aSa 15 (2.7)
Two a-globin gene defect —o 37 —a 37 4(0.7)
—a 37 /0 1(0.2)
oo/- —SEA 28 (4.9)
Hb H disease — SEA/_ =37 5 (0.9)
SEA/(CSou 2 (0.4)
o-Globin variant oo/ — o Thailand 2 (0.4)
Normal a-globin gene and Hb E carrier o/, B/BE 41 (7.2)
Single a-globin gene defect and Hb E carrier oo/ —a>7, B/pE 14 (2.4)
aa/aSa, B/RE 5(0.9)
Two a-globin gene defect and Hb E carrier  aot/— —5EA, B/RE 1(0.2)
—a /e, p/p* 1(02)
Hb H disease and Hb E carrier - SEA/_ 37 B/pE 1(0.2)
_ _SEA/oCSqy, B/RE 1(02)
Hb E-B-thalassemia ao/aa, R2/RE 1(0.2)
Normal a-globin gene ao/o 359 (63.4)
Total 566 (100)
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Table 2
Hemoglobin patterns in correlation with genotypes.

Genotype Number (562) Hb Bart's (%) Hb A (%) Hb A2/E (%) Hb variant (%)
Normal a-globin gene (oot/oex) 357 0.024+0.12 20.74+6.2 - -
Single a-globin gene defect
oo/ —o 37, oo/ —o 42 85 0.14+0.40 222+7.1 = =
aa/aSa 14 0.48 +0.53 18.4+3.7 - -
Two a-globin gene defect
—a 37 —a=37 4 3.7+£05 19.9+3.5 - -
—a 37/ 1 6.1 214 = =
aa/- -SEA 27 6.16 4+ 1.94 244458
Deletional Hb H disease (- -4/ —a~37) 5 252+1.8 245+4.6 = =
Non-deletional Hb H disease (- —¥4/a%a) 2 33.5, 39.0 273,153 = =
Hb Q-Thailand carrier (cxot/ —o @ Thailandy 2 0,0.6 11.9, 16.7 - Q5.3/Qy22.2, Q6.3/QY18.7
Normal a-globin gene and Hb E carrier (cot/ ey, 3/B3F) 41 0.064-0.24 132439 19+1.0 -
Single a-globin gene defect and Hb E carrier
ao/—a 37, B/RE 14 0.03+0.11 13.74+45 1.9+09 =
aa/aSa, B/RE 5 15.7+5.6 1.6+1.1 -
Two a-globin gene defect and Hb E carrier
ao/- —SEA B/RE 1 42 17.1 1.8 =
o 37 /aa, B/PE 1 12.9 11.9 0.5 =
Deletional Hb H disease and Hb E carrier (- ¥4/ —a =37, B/pF) 1 23.8 8.6 1.0 =
Non-deletional Hb H disease and Hb E carrier (- =52/ a%a, p/RE) 1 29.4 17.0 2.1 =
Hb E-3-thalassemia (cat/cuc, R°/BE) 1 - = 2.2 -
Values are presented as means =+ SD or as raw data where appropriate. CS: Hb Constant Spring, SEA: Southeast Asian deletion.
Table 3
Hematologic parameters in correlation with genotypes.
Genotype Number (425) Hb (g/dl) Hct (%) MCV (fl) MCH (pg) RBC (x10'%/1)
Normal a-globin gene (ctot/oax) 266 157+1.4 473 +46 106.0 +4.2 353+1.6 45+04
Single a-globin gene defect
ao/—a >, aa/—a*? 66 154+ 14 47.0+43 98.4+44 323416 48+04
ao/aSa 13 142415 430438 100.0+24 33.04+0.8 43404
Two a-globin gene defect
—a 3 =3 2 134,138 43.0,45.7 86, 91 27.0,27.5 5.0,5.0
—a37/a%a 1 14.4 442 85 27.6 5.2
aa/- —SEA 20 144+14 457 +44 87.8+3.0 27.6+0.38 52+05
Hb H disease
- SEA/_q =37 4 11.94+0.5 39.8+2.7 75.5+4.0 22.640.7 53+0.1
- SEA/ oS 2 12.5, 143 42.9, 48.6 80, 84 234,245 53,58
Hb Q-Thailand carrier (ouot/ —o @ Thailandy 2 15.3, 16.7 458, 50.4 96, 96 31.9, 319 48,52
Normal a-globin gene and Hb E carrier (aa/ac, B/RF) 31 158+1.4 47.8+4.3 104.1+4.5 3444+1.6 46+04
Single a-globin gene defect and Hb E carrier
ao/—a 37, B/RE 9 144415 435-+43 95.8+53 31.7+23 46404
oo/ oS, B/PE 4 144405 435+15 97.0+35 320+14 45403
Two a-globin gene defect and Hb E carrier
aa/- -SEA B/BE 1 13.5 433 84 26.2 5.1
—a 37 /0, B/RE 1 12.8 39.8 95 304 42
Deletional Hb H disease and Hb E carrier (- -4/ —a=37, p/BF) 1 12.4 42.0 77 22.7 5.5
Non-deletional Hb H disease and Hb E carrier (- -5%4/a%a, 3/BF)
1 10.8 36.4 84 25.0 43
Hb E-p-thalassemia aio/ e, B0/ BE 1 15.4 46.0 103 343 4.5

Hb: hemoglobin, Hct: hematocrit, MCV: mean corpuscular volume, MCH: mean corpuscular hemoglobin, RBC: red blood cell count.

requiring antibiotics, two maternal class A1 diabetes mellitus, and one
each of Rh (D) incompatibility and maternal hepatitis B virus carrier.
One-hundred and twenty samples were further excluded because of
delayed analysis after 48 h. The hematologic parameters seen in each
genotype are shown in Table 3.

Using an MCV <95 fl, MCH<30 pg, or Hb Bart's level >3.0% as a
cutoff point to screen for a-thalassemia 1, sensitivity, specificity,
positive predictive value (PPV), and negative predictive value (NPV)
are shown in Table 4.

Table 4
Sensitivity, specificity, PPV, and NPV using an MCV <95 fl, MCH <30 pg, or Hb Bart's
level >3.0% as a cutoff point to screen for a-thalassemia 1.

Cutoff point Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Bart's level >3.0% 100 98.9 824 100
MCV<95fl 100 92.4 412 100
MCH<30 pg 100 98.0 72.4 100

An additional band at Hb A, position was seen in 65 samples. All
tested positive for Hb E mutation. Two Hb Q-Thailand carriers had two
additional Hb fractions apart from Hb F and Hb A, one at Hb Q position
and another larger fraction cathodal to Hb Q. They were confirmed to
carry the mutation by PCR.

Discussion

This report demonstrates that IEF is a useful method for neonatal
screening of thalassemia and hemoglobinopathies. High prevalence of
thalassemia in the study population allowed for a diversity of
laboratory findings. The allele frequencies were comparable to previous
studies where o-thalassemia 2 was highly prevalent, although the
frequency of a-thalassemia 1 was lower [3,4].

For a-thalassemia, the visualization of Hb Bart's depicted o-
thalassemia carriers and Hb H diseases. Percentage of Hb Bart's
increased with the number of mutated o-globin allele and could
distinguish unambiguously among normal individuals, carriers of two
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a-globin gene defects, and Hb H diseases. In addition, higher Hb Bart's
level was seen in non-deletional Hb H diseases compared to deletional
Hb H diseases. Hb Bart's level was more than 3.0% in all a-thalassemia
1 carriers. This level can be used as a cutoff point for screening with
high sensitivity and specificity. Similarly, Hb Bart's level of more than
20% can be used to identify Hb H disease.

On the other hand, the findings in carriers of single ci-globin gene
mutation were less clear. The Hb Bart's percentage in this group varied
from nil to a small amount where a faint band of Hb Bart's (up to 1.0%)
was also seen in individuals without detectable common o-globin
gene mutations. This finding agreed with previous studies where a
minimal amount of Hb Bart's might be found in individuals with
apparently normal a-globin genes [14,19].

One limitation to this study was that other less common o-globin
gene mutations such as Hb Pakse [6], which might cause an elevation
of Hb Bart's, were not looked for. Another less common a-thalassemia
1, Thai-deletion [6], was not likely to be present, as all cases with high
Hb Bart's had two or three known a-globin gene defects.

Hb Q-Thailand, or Hb Mahidol, or Hb G-Taichung (—a’# ¢),
was firstly reported in 1970 [30-32]. Compound heterozygosity of
a-thalassemia 1 and Hb Q-Thailand (- -/ —a’4 ¢€) resulted in the
Hb H phenotype. Herein an Hb pattern in two newborns who were
carriers of Hb Q-Thailand was demonstrated. Apart from Hb F, Hb A, and
a small amount of Hb Q as seen in an adult carrier, an additional band
was present cathodal to Hb Q, which was likely a combination of
v-globin and the a-globin variant. Hb Bart's was seen in a small amount
in one case and absent in the other, in the same range as carriers of
single-ot gene defect.

Hb A, usually does not present or presents in a very small amount
in newborns. The presence of an Hb fraction at the Hb A, position in
Thai newborns usually indicates Hb E [20]. In this study, all samples
with a band at the Hb A, position were confirmed Hb E carriers. One
case with Hb E and absent Hb A was a compound heterozygosity of 3-
thalassemia and Hb E. A similar Hb pattern of FE was also seen in Hb E
homozygotes. Lorey et al. demonstrated that the Hb E level in
newborns with Hb E-B-thalassemia was markedly lower than in
newborns with homozygous Hb E [33]. Our patient's Hb E level of 2.2%
agreed with this previous report.

Red blood cell indices can discriminate between normal indivi-
duals, carriers of two a-globin gene defects, and Hb H diseases.
MCV <95 fl or MCH <30 pg can be used to screen for a-thalassemia 1
with high sensitivity and specificity. MCV<85 fl or MCH< 26 pg
suggests a diagnosis of Hb H disease.

Interestingly, carriers of two a-globin gene mutations also have
slightly lower Hb levels and individuals with Hb H disease have lower
Hb levels than normal. A recent report by Srisupundit et al. also
demonstrated differences in Hb, MCV, MCH, and MCHC among Hb
Bart's diseases, oi-thalassemia 1 carriers, and normal fetuses at mid-
gestation [34]. This portrayed the crucial role of a-globin genes from
the fetal period. On the contrary, as y-globin genes are the main
functioning non-a-globin genes during the fetal and neonatal periods,
mutations of p-globin genes are expected to cause less hematological
changes. As seen in this study, mean Hb and Hct were not different
between Hb E carriers and non-carriers, and the differences of MCV
and MCH were minimal. Lower Hb A levels were seen in newborns
who were carriers for B-thalassemia [11,13]. This subject was beyond
the scope of this study. However, it was observed that newborns who
were carriers for Hb E had lower levels of Hb A than the non-carriers.

Another interesting finding in the study concerns the effect of
concurrent Hb E on Hb H disease. Hb H disease patients with
concurrent Hb E beyond infancy were known to have lower level of
Hb H and Bart's than those without Hb E [6]. From the current study,
two newborns who had Hb H disease and concurrent Hb E had only
slightly lower levels of Hb Bart's than other newborns with Hb H
disease. This also demonstrated a lesser effect of the (>-globin gene
mutation during the newborn period.

A weak point in this study was a possible effect of Hb degradation,
as [EF analysis was performed in whole blood samples that were kept
up to 4 weeks. Wajcman et al. reported an accurate identification of
several Hb variants by IEF from dried blood samples after prolonged
storage [35]. Roa et al. performed serial analysis by HPLC of dried
blood specimens stored at room temperature and reported that the
loss of Hb A was 22% at 10 weeks of storage. With the presence of Hb F,
the Hb A degradation was accelerated. It was concluded that Hb
quantitation by HPLC was accurate within 3 weeks of storage and
identification could be achieved at 6 weeks [36].

Compared with a recently reported neonatal screening of
thalassemia and Hb variants by HPLC by Tritipsombut et al. [20], IEF
demonstrated a similarly high discriminating ability. It was notable
that the levels of Hb Bart's and Hb E determined by IEF were slightly
less than those obtained by HPLC [19,20]. This could be due to the
differences between the methods, though the effects of Hb degrada-
tion may also be a factor. Hb Bart's ranges by IEF were more
comparable to those obtained by cellulose acetate gel electrophoresis
[15,16,18].

In summary, IEF screening for a-thalassemia and Hb variants in
newborns correlates well with the globin genotypes. The method
can clearly differentiate between carriers of two a-globin gene muta-
tions, Hb H diseases, Hb Q-Thailand carriers, Hb E carriers, and an Hb
E-B-thalassemia compared to normal individuals. For carriers of single
a-globin gene mutation, Hb Bart's may be either absent or presentin a
small amount and is therefore not reliable for screening. MCV and
MCH are also useful for differentiating two a-globin gene defects and
Hb H diseases, but not for Hb E carriers or carriers of single ci-globin
gene mutation.
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Abstract

Objective To determine the incidence and risk factors for neonatal hyperbilirubinemia in
northern Thai newborns.

Study design A prospective cohort study of healthy full-term newborns was conducted at
Chiang Mai University Hospital. Umbilical cord blood was collected after delivery and
tested for ABO blood group, G6PD enzyme level, and a-thalassemia. The samples which
were G6PD deficient were further tested for UGT1A1 variants at nucleotide 211 (G211A)
and TATA promoter (TA7). Univariate and multivariate logistic regression analyses were
performed for risk factors for neonatal hyperbilirubinemia.

Results Five hundred and forty-three newborns were included into the study. Eighty-
seven (16%) newborns had hyperbilirubinemia requiring phototherapy. None required
exchange transfusion. Delivery by vacuum extraction, ABO blood group incompatibility
and G6PD deficiency were significantly associated with twofold to fourfold increase in
odds of neonatal hyperbilirubinemia. Type of feeding, percentage of weight loss,
cephalohematoma, o’-thalassemia carrier and hemoglobin H disease were not associated
with neonatal hyperbilirubinemia. UGT1A1 polymorphisms did not increase the incidence
of hyperbilirubinemia in G6PD deficient newborns.

Conclusions The incidence of neonatal hyperbilirubinemia is high in northern Thai
newborns. ABO blood group incompatibility and G6PD deficiency which are prevalent in
the population, and also delivery by vacuum extraction are confirmed as strong risk
factors.

Abstract word count: 200

Abbreviations

AAP American Academy of Pediatrics

CI Confidence interval

CS Constant Spring

G6PD Glucose-6-phosphate dehydrogenase

Hb Hemoglobin

NH Neonatal hyperbilirubinemia

nt Nucleotide

OR Odds ratio

SLCO1B1 Solute carrier organic anion transporter family member 1B1

UGT1A1 Uridine diphosphoglucuronosyl transferase 1A1
Introduction

Early identification and management of severe neonatal hyperbilirubinemia is
important to prevent its most devastating complication, bilirubin encephalopathy. Clinical
and genetic factors each play a role in neonatal hyperbilirubinemia." The major risk
factors as stated in clinical practice guidelines on hyperbilirubinemia management by
American Academy of Pediatrics (AAP) in 2004 include late-preterm gestational age,
exclusive breast feeding, blood group incompatibility, hemolytic diseases such as
glucose-6-phosphate  dehydrogenase  (G6PD) deficiency, FEast Asian race,
cephalohematoma or significant bruising and history of previous sibling received
phototherapy.” Several reported genetic risk factors are polymorphisms of genes
modulating bilirubin metabolism, such as the uridine diphosphoglucuronosyl transferase
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1A1 (UGT1Al) gene that encodes UGT enzyme which involves bilirubin conjugation,
and solute carrier organic anion transporter family member 1B1 (SLCO1B1) gene that
encodes transporting polypeptide which functions in hepatic bilirubin uptake.'””

The incidence of non-physiologic hyperbilirubinemia in Asian newborns has been
reported to be as high as more than 30%.° ABO blood group incompatibilities and G6PD
deficiency plus environmental exposure to offending agents are common in the
population and may partly explain the high incidence. UGT1Al variant at nucleotide (nt)
211 (G211A) and SLCOI1B1 at nt 388 (A388G) are two major variants reported to
associate with neonatal hyperbilirubinemia in east Asian newborns.”'* UGT1A1 TATA
promoter variant (TA7) which is the risk factor in Caucasians is less common in the
population.®’

UGT1Al1 polymorphisms are particularly seen in prolonged neonatal
hyperbilirubinemia, and especially in exclusively breast-fed newborns.*”” Also, they are
found to be an additive risk factor for neonatal hyperbilirubinemia in G6PD deficient
newborns.>' "'

Thailand is a country in Southeast Asia. Reported risk factors of
hyperbilirubinemia in Thai newborns are similar to those in East Asian newborns.'>'*
G6PD deficiency and ABO incompatibility which are prevalent in Thais are the main risk
factors. Additionally, delivery by vacuum extraction is reportedly a risk factor."* UGT1A1
variant at nt 211, but not UGT1Al variant at nt 686 (C686A) or polymorphisms of
SCLO1B1 and GST (glutathione S-transferase) genes, were recently reported to be a risk
factor for hyperbilirubinemia in Thai newborns."

Hemolytic anemias cause increased bilirubin production, and are therefore a
significant cause of neonatal hyperbilirubinemia. In northern Thailand, hemoglobin H
(Hb H) disease is a highly prevalent hereditary hemolytic anemia.'® The condition is
caused by deletions with or without point mutations of three out of four normally
functioning o-globin genes, leaving one intact gene (- — /— o or — — /a').!” The excess f-
globin combines to form Hb H which is unstable and has a high affinity for oxygen and is
therefore ineffective for oxygen transportation. Patients with Hb H disease generally have
mild to moderate anemia. They may present with acute hemolysis triggered by fever or
infections. Some reportedly present early in life with neonatal hyperbilirubinemia.'®"

There are two types of a-thalassemia carriers, a’-thalassemia and o "-thalassemia.
The former results from in-cis deletion of two a-globin genes and the latter results from
deletion or mutation of a single a-globin gene. o’-thalassemia carriers have hypochromic
and microcytic red blood cells. During the newborn period, they have elevated Hb Bart’s
which demonstrates an imbalance production of alpha- and gamma-globins.*® They are
also shown to have lower Hb level in utero from mid-gestation and during the newborn
period; this finding demonstrates an important effect of a decreased o-globin
production.””*! Any additional role of hemolysis on the lower Hb levels in the fetal and
newborn periods is unknown. o' -thalassemia carriers have minimally raised Hb Bart’s at
birth and are typically asymptomatic.*’

While Hb H disease is conceivably a risk for neonatal hyperbilirubinemia, the
evidence is limited. a’-thalassemia carrier status was shown to pose no additional risk to
newborns with G6PD deficiency.”? On the contrary, it was shown to be protective in
Taiwanese newborns.”

The objectives of this study were to determine the incidence of neonatal
hyperbilirubinemia and its associated clinical and genetic factors in a cohort study of full-
term healthy newborns from northern Thailand. The roles of mode of delivery, type of
feeding, degree of weight loss, G6PD deficiency, ABO blood group incompatibilities, o.’-
thalassemia carriers and Hb H disease on hyperbilirubinemia were investigated. UGT1Al
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gene polymorphisms were further explored in cases with G6PD deficiencies for their
additive roles on neonatal hyperbilirubinemia.

Materials and Methods

This is a prospective cohort study. The study protocol was approved by the
Institutional Ethics Committee. Informed consent was obtained from the mothers. Full-
term newborns (gestational age 37-42 weeks) of mothers with uneventful pregnancy who
were born at Chiang Mai University Hospital were included. Newborns with known
maternal history of Rh(D) incompatibility, diabetes mellitus, and newborns with
congenital anomalies, infection requiring antibiotics or significant hemorrhages other than
cephalohematoma were excluded from the study.

The umbilical cord blood was collected after delivery of the newborn. The blood
samples were kept at 4°C until analysis. The samples were tested for ABO blood group,
G6PD enzyme level, and a-thalassemia. The samples which were G6PD deficient were
further tested for UGT1AL polymorphisms at nt 211 and TATA promoter region.

ABO blood group was determined by a standard technique. ABO incompatibility
was defined as maternal blood group O and newborn A or B. G6PD assay was performed
according to the WHO method within 7 days of blood collection.** Average G6PD level
in cord blood from male newborns was 12.5+£2.3 1U/g Hb. Complete and intermediate
deficiency of G6PD enzyme were defined by a level of less than 1.5 and 1.5-8.0 IU/g Hb
respectively. Carriers of Southeast-Asian deletional a’-thalassemia, the most common o’
thalassemia in the area, and Hb H disease were diagnosed by polymerase chain reaction
and Hb analysis as described previously.”’

UGT1A1 polymorphisms at nt 211 and TATA promoter region were identified by
methods as described previously.*?

Records of newborn admissions were reviewed for clinical features including:
gender, gestational age, birth weight and percentage of weight loss from birth within the
admission, Apgar score at 5 minutes, delivery method, occurrence and identified causes
of neonatal hyperbilirubinemia requiring phototherapy or exchange transfusion. The
decision for treatment of neonatal hyperbilirubinemia was up to the pediatric residents
and attending neonatologists, who were encouraged to follow the AAP 2004 guideline.”
Lower threshold of bilirubin level for phototherapy may be used for newborns with
undefined risk factors who awaited laboratory results. At our hospital, healthy newborns
are usually discharged after blood sampling for thyroid and phenylketonuria screening
after 48 hours. Newborns with suspected hyperbilirubinemia are kept in the hospital
longer for observation and treatment as needed.

Clinical features were summarized for newborns with and without
hyperbilirubinemia. Univariate binary logistic analysis was performed for delivery
method, presence of cephalohematoma, type of feeding, percentage of weight loss, G6PD
enzyme status, ABO blood group incompatibilities, and a-thalassemia status. Factors that
were found to be significantly associated with neonatal hyperbilirubinemia were further
evaluated by multivariate binary logistic analysis for adjusted odds ratio and their 95%
confidence intervals (CI). Incidence of neonatal hyperbilirubinemia in G6PD deficient
newborns was compared between groups with and without UGT1A1l polymorphisms
using Chi-square test. P-values of less than 0.05 were considered statistically significant.
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Results

Five hundred and sixty-six newborns were enrolled in the study. Twenty-three
were excluded for the following reasons: 9 congenital anomalies, 8 infections requiring
treatment with antibiotics, 2 maternal class Al diabetes mellitus, 2 known significant
hemorrhage (1 intracranial hemorrhage and 1 large hematoma), and 1 each of Rh (D)
incompatibility and maternal hepatitis B virus carrier.

The clinical features of the included 543 newborns are shown in Table 1. There
were 278 (51.2%) male newborns. Mean gestational age was 38.7+1.1 weeks. All had
Apgar scores at 5 minutes of not less than 8. Eighty-seven (16%) newborns had
hyperbilirubinemia requiring phototherapy. None required exchange transfusion. Causes
of neonatal hyperbilirubinemia were identified in 39 (44.8%) newborns: 26 G6PD
deficiency, 7 Coombs’ positive ABO blood group incompatibility, 3 concurrent G6PD
deficiency and ABO blood group incompatibility, 2 cephalohematoma, and 1 Hb H
disease. A newborn with deletional Hb H disease who had hyperbilirubinemia had no
other known risk factors; he was the first child of the family, born by normal delivery,
had a birth weight of 2,700 g, had elevated G6PD level (31.05 u/g Hb). Both mother and
child had A, Rh(D) positive blood group. The result of direct and indirect Coombs’ tests
on the child’s blood were negative. All 9 newborns with Hb H disease (5 deletional Hb H
disease, 2 Hb H/Hb Constant Spring (CS) disease, 1 AEBart’s disease and 1 AEBart’sCS
disease) had elevated G6PD levels (24.4+3.0 u/g Hb, range 21.1-31.1 u/g Hb).

Tables 2 and 3 respectively show the odds ratio and 95% CI for factors obtained
by univariate and multivariate binary logistic analyses. Delivery by vacuum extraction,
ABO blood group incompatibility and G6PD deficiency were associated with
development of neonatal hyperbilirubinemia. Cephalohematoma, type of feeding,
percentage of weight loss, a’-thalassemia carrier status and Hb H disease were not
associated with neonatal hyperbilirubinemia.

Allele frequencies of UGT1A1l polymorphisms at nt 211 and TATA promoter
region were 0.15 and 0.16 respectively. Neither was associated with neonatal
hyperbilirubinemia in G6PD deficient newborns. The results are shown in Table 4.

Discussion

This is a comprehensive study of the roles of clinical and genetic factors in the
development of neonatal hyperbilirubinemia in northern Thai newborns. The study shows
a high incidence of neonatal hyperbilirubinemia necessitating treatment in the population,
and emphasizes the important roles of factors including G6PD deficiency, ABO blood
group incompatibilities, and delivery by vacuum extraction, in neonatal
hyperbilirubinemia. The study also demonstrates that cephalohematoma, type of feeding,
percentage of weight loss, a’-thalassemia carriers and Hb H disease are not associated
with neonatal hyperbilirubinemia. UGT1Al polymorphisms common in the population
are not an additive risk factor for neonatal hyperbilirubinemia in G6PD deficient
newborns.

G6PD deficient newborns were at significantly higher risk for neonatal
hyperbilirubinemia. Hemizygous male and homozygous female G6PD-deficient
newborns were at higher risk for neonatal hyperbilirubinemia than their heterozygous
counterparts with intermediate deficiency of G6PD enzyme (adjusted odds ratio 4.2 and
3.4, respectively). This demonstrated the dosage effect of G6PD deficiency on bilirubin
metabolism. This finding agrees with previous studies, and indicates that female carriers
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with intermediate deficiency of G6PD enzyme are also at risk and should be monitored
for neonatal hyperbilirubinemia.?**’

ABO blood group incompatibilities were an important factor for neonatal
hyperbilirubinemia. In this study, Coombs’ tests were not routinely done, so it was not
possible to distinguish the effects of Coombs’ positive and negative ABO blood group
incompatibilities on the development of neonatal hyperbilirubinemia.

Delivery by vacuum extraction was a risk for neonatal hyperbilirubinemia. The
finding agrees with previous reports.'**® The effect might be explained by an inevitably
higher possibility of soft tissue trauma and hemorrhage associated with the procedure.
Justifiably, Caesarian section seemed to be a protective factor, although the difference
was not significant. Cephalohematoma was not a risk factor. However the number of
events was small.

o’-thalassemia carriers and Hb H disease were neither a risk nor a protective
factor for neonatal hyperbilirubinemia. This suggested negligible or no hemolysis in o-
thalassemia carriers. However, increased hemolysis was evident in Hb H disease as
indirectly indicated by elevated G6PD levels in all 9 Hb H newborns. In spite of this, only
1 had neonatal hyperbilirubinemia. This might imply that only a small number of
newborns with Hb H disease experienced hemolysis that was serious enough to lead to
neonatal hyperbilirubinemia. This interesting finding needs confirmation in larger Hb H
disease population.

UGT1Al polymorphisms at nt 211 and TATA promoter region were previously
reported to associate with higher bilirubin levels and gallstones in Thai Hb E/B-
thalassemia patients.”” Prachukthum et al reported that only UGT1A1 polymorphisms at
nt 211 was related to neonatal hyperbilirubinemia in a case-control study of newborns
from central Thailand." In this study, the gene frequency of the UGT1A1 polymorphism
at nt 211 polymorphism was slightly higher and that the polymorphism at TATA
promoter region was comparable with these previous studies. However, neither
polymorphism increased the incidence of neonatal hyperbilirubinemia in G6PD deficient
newborns. Our finding agrees with previous studies that UGT1A1 polymorphisms are not
a risk factor for hyperbilirubinemia in the G6PD deficient newborns.”’?' UGT1A1
polymorphisms were reported to be an important risk for prolonged hyperbilirubinemia,
especially in exclusively breast-fed newborns.*” A shorter period of observation and a
lower portion of exclusively breast-fed newborns in this study might have masked the
effect of the polymorphisms.

Type of feeding was not different between the group with and without neonatal
hyperbilirubinemia. However, the exact amount of supplementary feeding in each
newborn was difficult to determine. This may have confounded the result in the
supplementary group. Percentage of weight loss was used as an indicator of dehydration.
It was also found not associated with neonatal hyperbilirubinemia. This again may be
confounded by treatment as supplementary feeding was usually given for newborns who
lost more than a predetermined percentage of birth weight.

The strength of this study is the large study population and the high prevalence of
G6PD deficiency, ABO incompatibility and o-thalassemia, which allow for an
identification of the roles of each factor. The weakness of this study is that as we
collected the clinical data from hospital records, late-onset hyperbilirubinemia and
readmissions to other hospitals might have been missed. Another remark is that the rate of
phototherapy may be higher as some newborns were given phototherapy at lower
bilirubin threshold while awaiting investigation results.

This study confirms a high incidence of neonatal hyperbilirubinemia in northern
Thai population. It substantiates the roles of clinical factors including G6PD enzyme
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deficiency, ABO blood group incompatibility, and delivery by vacuum extraction, and
refutes the roles of type of feeding, weight loss, a-thalassemia and common UGT1A1
polymorphisms in combination with G6PD deficiency on neonatal hyperbilirubinemia.
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Table 1: Clinical features of newborns classified by the presence or absence of neonatal

hyperbilirubinemia (NH)
Clinical features NH Non NH p-value
Number, n (%) 87 (16.0) 456 (84.0) _
Male gender, n (%) 45 (51.7) 233 (51.1) 0.92
Gestational age, mean+SD, week 38.5+1.1 38.8+1.1 0.10
Birth weight, mean+SD, g 3,026+380 3,138+349 0.007
Birth weight < 2,500 g, n (%) 5(5.7) 9(2.0) 0.06
Birth weight>3,800 g, n (%) 1 (1.1) 15 (3.3) 0.49
Percentage of weight loss from birth 5.8£2.4 5.5€2.3 0.37
within the admission, mean+SD, %
Table 2: Univariate analysis of risk factors for neonatal hyperbilirubinemia

Factors NH Non NH Odds ratio (95% CI) p-value

n (%) n (%)

Delivery method

-Normal delivery 72 (82.8) 396 (86.8) reference group

-Vacuum extraction 11 (12.6) 18 (3.9) 3.4 (1.5-7.4) 0.003

-Forceps extraction 2(2.3) 3(0.7) 3.7 (0.6-22.3) 0.16

-Breech extraction 1(1.1) 2(0.4) 2.8 (0.2-30.7) 0.41

-Caesarian section 1(1.1) 37 (8.1) 0.15 (0.02-1.10) 0.06

Cephalohematoma

-Presence 2(2.3) 4(0.9) 2.7 (0.5-14.7) 0.25

-Absence 85 (97.7) 452 (99.1) reference group

Type of feeding

-Exclusive breast feeding 25 (28.7) 146 (32.0) 0.9 (0.5-1.4) 0.55

-Breast and supplementary feeding 62 (71.3) 310 (68.0) reference group

ABO blood group

- Mother O/infant A or B 19 (21.8) 53 (11.6) 2.1(1.2-3.7) 0.02

- Other 66 (75.9) 382 (83.8) reference group

-Unknown 2(2.3) 21 (4.6)

G6PD enzyme status

-Normal 58 (66.7) 397 (87.3) reference group

-Intermediate deficiency 11 (12.6) 26 (5.7) 2.9 (1.4-6.2) 0.006

-Complete deficiency 18 (20.7) 32 (7.0) 3.9 (2.0-7.3) <0.001

Percentage of weight loss

->10% weight loss 3(3.4) 12 (2.6) 1.3 (0.4-4.7) 0.69

-< 10% weight loss 83 (95.4) 432 (94.7) reference group

-Unknown 1(1.1) 12 (2.6)

Alpha-thalassemia status

-Non o’-thalassemia carrier 82 (94.3) 425(93.2) reference group

_ao_thalassemia carrier 4 (46) 23 (50) 09 (03-27) 0.90

-Hemoglobin H disease 1(1.1) 8 (1.8) 0.7 (0.1-5.3) 0.65
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Table 3: Multivariate analysis of risk factors for neonatal hyperbilirubinemia

Factors Adjusted odds ratio (95% CI) p-value
Delivery method

-Normal delivery reference group

-Vacuum extraction 4.2 (1.9-9.7) 0.001
-Forceps extraction 4.1 (0.6-27.2) 0.14
-Breech extraction 2.6 (0.2-33.0) 0.45
-Caesarian section 0.15 (0.02-1.1) 0.06
ABO blood group

- Mother O/infant A or B 2.1(1.1-3.9) 0.02
- Other reference group

G6PD enzyme status

-Normal reference group

-Intermediate deficiency 3.4 (1.5-7.6) 0.004
-Complete deficiency 4.2 (2.1-8.2) <0.001

Table 4: UGT1A1 polymorphisms in G6PD deficient newborns classified by the presence
or absence of neonatal hyperbilirubinemia

UGTI1A1 polymorphisms NH Non NH Total p-value
Nucleotide 211 (G>A)

-G/G 20(71.4) 40 (71.4) 60 (71.4) 0.77

-G/A 8 (28.6) 15 (26.8) 23 (27.4)

-A/A 0 1(1.8) 1(1.2)

TATA promoter (TA7)

-TA6/6 22 (75.9) 37 (66.1) 59 (69.4) 0.55

-TA6/7 7 (24.1) 18 (32.1) 25(29.4)

-TA7/7 0 1(1.8) 1(1.2)
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Abstract

Neonatal cord blood screening for G6PD deficiency was conducted in 566
northern Thai newborns. Ninety (16%) had G6PD deficiency. The prevalence in male
newborns was 17% (48 of 289 male newborns). The prevalence of female newborns
having an intermediate deficiency and a complete deficiency of G6PD enzyme was 13%
(37 of 277 female newborns) and 1.8% (5 of 277 female newborns) respectively. Six
common G6PD variants previously reported in Thailand; G6PD Viangchan (871G>A),
G6PD Mahidol (487G>A), G6PD Kaiping (1388G>A), G6PD Canton (1376G>T), G6PD
Union (1360C>T) and G6PD Chinese-5 (1024C>T) were tested using polymerase chain
reaction-restriction fragment length analysis. From 95 G6PD alleles tested, G6PD
Mahidol (19), G6PD Kaiping (17), G6PD Canton (15) and G6PD Viangchan (13) are the
most common mutations. These four mutations combined comprise about 70% of G6PD
mutations in the population. The higher proportion of G6PD Mahidol, G6PD Kaiping,
G6PD Canton in our population as opposed to G6PD Viangchan being the commonest
mutations in the other parts of Thailand suggests a significant genetic drift from China
and Myanmar into the region and represents a genetic continuum from southern China
and Myanmar to northern and central Thailand.

Abstract word count: 189
Introduction

Glucose-6-phosphate dehydrogenase (G6PD) deficiency is the most common
inherited enzymopathy.” As G6PD deficiency protects against malarial infection, the
prevalence is high in endemic area of malaria including southeast-Asia and Thailand.""?
G6PD enzyme catalyzes a production of nicotinamide adenine dinucleotide phosphate
(NADPH) in pentose phosphate pathway. NADPH is essential for the conversion of
glutathione to a reduced form, which functions as an antioxidant. G6PD-deficient red
blood cells are subjected to oxidation injury and premature hemolysis.”

Individuals with G6PD deficiency are usually asymptomatic, but may present with
acute hemolysis when exposed to oxidizing agents. They are also at increased risk of
neonatal hyperbilirubinemia. A small subset of G6PD-deficiency presents with chronic
hemolysis.(3

G6PD deficiency has an X-linked recessive inheritance. Symptomatic patients are
mostly hemizygous males, and also the less common homozygous females. Some
heterozygous females may have a decreased level of G6PD enzyme in the intermediate-
deficient range, a phenomenon attributed to the skewed inactivation of X-chromosome as
described by Lyon in 1961. G6PD-deficient heterozygous females may experience
acute hemolysis and are also at increased risk for neonatal hyperbilirubinemia.””

G6PD deficiency is common in Thai population with the prevalence rage of 3-
18% in males.® G6PD Viangchan (871G>A) is reportedly the most common variant in
the population in the central and southern Thailand.®" ' G6PD Mahidol (487G>A) was
also reported to be the most common variant in the south.’"* '? Other common mutations
include G6PD Kaiping (1388G>A), G6PD Canton (1376G>T), G6PD Union (1360C>T)
and G6PD Chinese-5 (1024C>T).(9, 10) The molecular features are similar to those in
Laotians(13), Burmese''* 15), Cambodians'® 17), Malaysians(lg’ 19), southern Vietnamese(zo),
and southern Chinese®" ??. The finding suggests common ancestral origin of Thais with
other population in southeast-Asia.
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Northern Thailand is bordered by Myanmar and Laos, and is close to the southern
part of China. This study took place in Chiang Mai, the major province of northern
Thailand. The population comprises mainly Thais and assimilated Chinese. In the
mountainous areas around Chiang Mai, there are several tribal groups including Karen,
Lahu, Hmong, Lisu, Akha, Yao, Lua, Palong and Tai.

Herein we report the prevalence of GO6PD deficiency and molecular
characterization of the G6PD variants in northern Thai newborns. The study shows that
G6PD deficiency has a high prevalence of 17% among male newborns. The mutations are
heterogeneous. G6PD Mahidol, G6PD Kaiping, G6PD Canton, and G6PD Viangchan are
the most common mutations.

Materials and Methods

Neonatal cord blood screening for G6PD deficiency was conducted. The study
protocol was approved by the Institutional Ethics Committee. Informed consent was
obtained from the mothers. Full-term newborns (gestational age 37-42 weeks) of mothers
with uneventful pregnancy who were born at Chiang Mai University Hospital were
included. After delivery of the newborn, umbilical cord blood was collected; 7 mL in
ACD for G6PD assay and 5 mL in EDTA for DNA study. The blood samples were kept
at 4°C until analysis. The samples were tested for G6PD enzyme level. The samples
which were G6PD deficient were further tested for G6PD mutations.

G6PD assay was performed according to the WHO method within 7 days of blood
collection.”” Average G6PD level in cord blood from male newborns was 12.5+2.3 IU/g
Hb. Complete and intermediate deficiency of G6PD enzyme were defined by a level of
less than 1.5 and 1.5-8.0 IU/g Hb respectively.

Genomic DNA was extracted from leukocytes by Chelex method.** Six common
G6PD mutations previously reported in Thailand were tested. G6PD Viangchan
(871G>A), G6PD Mahidol (487G>A), G6PD Kaiping (1388G>A), G6PD Canton
(1376G>T), G6PD Union (1360C>T) and G6PD Chinese-5 (1024C>T) were tested using
polymerase chain reaction-restriction fragment length analysis as previously described.!**”)

Results

Ninety of five hundred and sixty-six newborns (16%) had G6PD deficiency. The
prevalence in male newborns was 17% (48 of 289 male newborns). The prevalence of
female newborns having an intermediate deficiency and a complete deficiency of G6PD
enzyme was 13% (37 of 277 female newborns) and 1.8% (5 of 277 female newborns)
respectively.

The type of G6PD mutations are shown in table 1. G6PD Mahidol, G6PD
Kaiping, G6PD Canton and G6PD Viangchan are the most common mutations. These
four mutations combined comprise about 70% of G6PD mutations in the population.

Discussion

The prevalence of G6PD deficiency is high in northern Thai population.
Interestingly, as high as 1.8% of female newborns had deficiency of G6PD enzyme in the
homozygous range. The finding is comparable with the calculated probability from the
allele frequency of G6PD variants (q) by Hardy-Weinberg principle. The allele frequency
in our population is 0.1661, portion of G6PD deficient homozygous female equals to g,
therefore the calculated prevalence is ~2.8% in females.
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In northern Thai newborns, G6PD Mahidol, G6PD Kaiping, G6PD Canton and
G6PD Viangchan are the most common mutations. G6PD Mahidol is the most common
mutation, although the prevalence of these four mutations are about the same (range 14-
20%). This finding is similar to the studies in southern Thailand."'" '¥ However, it is
different from recent studies which reported G6PD Viangchan as the most common
G6PD variant, in central Thai population by Nuchprayoon et al(10) and southern Thai
population by Laosombat et al.®)

G6PD Mahidol is the most common variant in Myanmar."* ' The geographic
proximity between Chiang Mai and Myanmar may explain the genetic similarity between
the study population and the Burmese.

G6PD Kaiping and G6PD Canton are common in southern China and Taiwan.
22 20 These two mutations are prominent in the study population, supporting the
assimilation of the Chinese to northern Thailand.

The presence of G6PD Mahidol, G6PD Kaiping, G6PD Canton and G6PD
Viangchan point toward a common ancestry of the northern Thais with other southeast-
Asian and southern Chinese population. The higher proportion of G6PD Mahidol, G6PD
Kaiping, G6PD Canton in our population as opposed to G6PD Viangchan being the
commonest mutations in the other parts of Thailand suggests a significant genetic drift
from China and Myanmar into the region.

This study confirms the high prevalence of G6PD deficiency, and describes the
new findings on characteristics of G6PD mutations in northern Thailand. The G6PD
variants are heterogeneous and share similarity with surrounding regions, especially with
Myanmar and Southern China.
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Table 1 G6PD mutations in northern Thais

Level of G6PD Number | Number of G6PD mutations

deficiency of cases alleles Mahidol Kaiping | Canton Viangchan Union Chinese-5 | Unknown

Complete- 48 48 10 10 6 5 5 2 10

deficient males

Intermediate- 37 37 9 6 6 4 2 0 10

deficient

females

Complete- 5 10 - 1 3 4 - - 2

deficient

females

Total, n (%) 90 95 (100) 19200 | 17(18) | 15(16) 13 (14) 7(7) 2(Q2) 22(23)
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