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ABSTRACT

Hemolytic disease of the newborn (HDN) is a disease of the fetus and newborns caused by
IgG maternal antibodies resulting from previous transfusions and pregnancies. These antibodies
directed against fetal red cells can cross the placenta and cause red cell destruction. The disease has a
wide range of severity due to the level of maternal antibodies and the characteristics of antigens with
respect to fetal red cells. The serologic tests play an important role in diagnosis, predicting the severity,
giving appropriate treatment, and prevention of the disease.

In this study, blood samples from 346 newborns with hyperbilirubinemia and 89 infants
less than 4 months old were tested for ABO, Rh (D), direct antiglobulin test (DAT) and indirect
antiglobulin test (IAT). Lui freeze-thaw and acid elution tests were used for the detection of IgG ABO
antibodies and maternal alloantibodies attached to newborn red cells, respectively. ABO HDN was
found in 63.9% of the cases which positive results for DAT, IAT and elution test were 30.8%, 63.3%,
and 85.1%, respectively. It was found that Lui freeze- thaw elution test gave positive results in all
positive DAT and in 78.4% of negative DAT cases. The test also gave positive results in 95.8% and
61.7% of positive and negative IAT cases, respectively. In addition, maternal clinically significant
alloantibodies (anti-E, anti-E+Mi?® and anti-Jk*) were found in 3 cases which the same antibodies were
found in the eluates, but none required exchange transfusion. In the infant group, all tests were negative.
No Rh negative cases were found in the study.

In conclusion, elution tests should be included as routine tests performed in the
investigation of HDN. The causative antibodies could be demonstrated, as a result, definite diagnosis,
appropriate management, especially selection of blood for exchange transfusion, and prevention for

future pregnancies could be achieved.

KEY WORDS: HDN / IgG MATERNAL ANTIBODIES / ELUTION TESTS
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CHAPTER|
INTRODUCTION

Hemolytic disease of the newborn (HDN) is causedthyy action of
transplacentally transmitted maternal immunoglabilgG) on paternally inherited
antigens present on fetal red cells but lackintheanmother. The placenta is designed
to promote the exchange of plasma constituentsdsgtwnother and fetus. In this way,
the fetus receives maternal nutrients and immuloytythe transfer of maternal IgG
antibodies (1). In HDN, maternal IgG antibodies dweed following previous
transfusions or pregnancies bind to fetal red ceisising hemolysis. In severe cases,
hydrops fetalis, kernicterus or death may develop.

Fetal red cells that are sensitized by maternaldgtbody cannot continue
to circulate and function normally, they are rentbbg the reticuloendothelial system
for destruction (1), causing anemia in the fetugmidglobin liberated from the
damaged red cells is metabolized to indirect Wimu The indirect billirubin, the
waste product of hemoglobin, conjugated by the matdiver enzyme and excreted.
As red cell destruction continues, the fetus besomere anemic. Increasingly, severe
fetal anemia causes enlargement of the fetal &wer spleen, which are the organs for
both erythropoiesis and red cells destruction. Tinemature red cells were released
into the fetal circulation to compensate for anemand this referred to
“erythroblastosis fetalis” (1). In untreated caseardiac failure accompanied by
hydrops fetalis, a condition with edema and fluidwamulation in fetal cardiac, pleural

and peritoneal cavities may occur and resulttirauterine death or stillborn.

Following delivery, the immediate neonatal problé&nanemia without
jaundice. But after birth, jaundice is detectedhwit24 hours because the maternal
system is no longer available to conjugate andet&andirect bilirubin. The newborn
liver, which is deficient in enzyme glucuronyl tederase (2), is unable to conjugate
the direct bilirubin into an excretable form, rdgg in increased levels of indirect
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bilirubin in the bloodstream a condition know aspénspilirubinemia. Without
adequate treatment, indirect bilirubin will bindttssues which results in jaundice. In
particular, it may bind with tissues of central vears system especially in the brain
cells of basal ganglia and cerebellum, causingraition known as “kernicterus” a
permanent brain damage, resulting in deafness,anetardation or death (2).

HDN is classified into three categories, on theidas their specificity of
the causative IgG antibodies, as follow (1, 2,)3, 4

1. ABO HDN, caused by IgG anti-A or anti-B in gro@mother who has
A or B newborn.

2. Rh HDN, the most severe form is caused by antirORh negative
mother who has Rh positive newborn.

3. Less common causes of HDN include antibodiesnagantigens of
many blood group systems such as Kell system @g-K and anti-k), Kidd system

(e.g., anti-Jkand anti-JR and Duffy system (e.g., anti-Egnd anti-F$).

Laboratory diagnosis of HDN could be done both ptahand postnatal.
Prenatal study of the maternal history of pregresand transfusions and testing for
ABO, Rh (D) and alloantibodies could predict thekrmanagement of the fetus for
future pregnancies. Prevention of Rh HDN due te-@niand appropriate treatment
due to multiple antibodies or rare blood type & thothers could be well planned.
Postnatal study on both newborn and maternal saqaeld give definite diagnosis

of HDN patrticularly the causative antibodies.

List of the tests routinely performed on newbornd anaternal samples at
the Department of Transfusion Medicine, Facultiedicine, Siriraj Hospital are:
1. Newborn less than-7 day old
1.1 Newborn’s sample

- ABO (cell grouping)
- Rh (D) typing and weak D test
- Direct antiglobulin test
- Indirect antiglobulin test for free anti-A, &nB

- Antigen typing (if maternal alloantibody deted}
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1.2 Maternal sample
- ABO (cell and serum grouping)
- Rh (D) typing and weak D test
- Antibody screening
- Antibody identification
- Antibody titration
- Antigen typing (if maternal alloantibody deted}

Blood prepared for exchange transfusion in ABO H&hguld be red cells
group “ O ", same Rh (D) as newborn and resuspendkbdfresh frozen plasma group
“ AB " or same ABO group as newborn to obtain 5@®-6nl whole blood of 50 - 60
% hematocrit as required. If alloantibody presemismaternal serum, red cells
transfused should be lack of the antigen correspgnie the maternal antibody and

using maternal serum for crossmatching.

2. Infant less than four-month old
- ABO (cell grouping)
- Rh (D) typing
- Directed antiglobulin test

Blood for transfusion should be the same ABO ahd([R) groups, as an

infant, using infant’s serum for crossmatching.

It is abvious that our routine tests do not suppiwetdefinite diagnosis of
HDN due to ABO, Rh or other blood group systems.eWmixture of alloantibodies
are found in maternal serum, the tests performedoti@ive definite diagnosis of fetal
red cell destruction.

In this study, the elution tests are used to ddggst maternal antibodies
that destroy fetal red cells. For ABO-HDN, Lui feeethaw elution test is used to
detect IgG anti-A, anti-B, whereas, acid elutiost is used for the detection of other
alloantibodies (4, 5).
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Resear ch Question

Do the newborns and infants less than 4-month alkhmaternal 1gG

antibodies coated on their red cells?

Expected Results

The introduction of elution tests for the investiga of HDN could
increase the detection of IgG antibodies in ABO Haxil IgG alloantibodies in other
types of HDN. The definite diagnosis of HDN could demonstrated. Finally, the
management and the selection of appropriate blooéxXchange transfusion could be

applied.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Transfusion Science) / 5

CHAPTERIII
OBJECTIVES

The objective of this study is to detect maternal 1gG antibodies in newborns
and infants less than 4-month old by including the elution tests in the investigation of
HDN.
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CHAPTER 111
LITERATURE REVIEW

Hemolytic Disease of the Newborn

Hemolytic disease of the newborn (HDN)caused by transplacentally
transmitted maternal antibody on paternally inleeriintigens present on fetal red
cells (RBCs), but absent on the maternal RBCs. MatdgG antibody binds to fetal
RBCs, and inturn these cells are destroyed by rphages in the fetal liver and
spleen, causing hemolysis (6). As a consequendbeohemolytic process, anemia,
increased erythropoiesis, neonatal hyperbilirubiaeand sometimes result in fetal

loss, death or disability may occur.

The first description of HDN is thought to be iB0P by a French midwife
who delivered twin babies, one baby was swollen died soon after birth, and one
developed jaundice and died several days latertionext 300 years, many similar
cases were described in which newborns failed s (7, 8, 9).

In 1932, Diamond and colleagues descrittiedrelationship among fetal
hydrops, jaundice, anemia, and erythroblastosithéncirculation, a condition later
called “erythroblastosis fetalis” (7, 8, 9).

In 1938, Darrow postulated that the hermislywas due to transplacental
passage of a maternal antibody into the fetal Etmn (7). One year later (1939), an
antibody that caused HDN was discovered by Phiéipihe and Rufus E. Stetson who
published their findings about a family whose dllgirn baby died of hemolytic
disease of the newborn (7, 10, 11, 12). The mab#ered of blood loss at delivery.
Her husband’s blood was transfused to her, wittergewansfusion reactions. Since
the mother and the father were both blood grouth®y concluded that there must be
another previously undiscovered antigen that wasemt on the husband’s RBCs but
was not present on the mother's RBCs and that thien had formed an antibody
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against this new antigen. This suggested for tts fime that a mother could make

antibodies because of immune sensitization todtes’s RBCs (7, 10).

After Landsteiner and Weiner discovereel &h factor on RBCs in 1940
(9, 10, 12, 13). One year later, Levine, Katzin &wunham proposed that maternal
sensitization to the Rh factor was due to an antitpat crossed the placental barrier
into the maternal circulation (10, 13).

In 1966, two groups from the United Statesl the United Kingdom
demonstrated, in a combined study, that giving-Bnimmunoglobulin G (IgG)
prophylaxis soon after delivery could prevent sizeion in Rh-negative women (7,
9). The World Health Organization (WHO) techniogport in 1971 recommended that
a dose of 125 IU of anti-D immunoglobulin G (IgGjosild be given intramuscularly
for every 1 ml of fetomaternal hemorrhage of Rhipeos packed RBCs or 2 ml of
whole blood (7, 9).

In 1970s, routine antenatal care includgedeening of all unexpected
maternal antibody to find which pregnancy may berisik of HDN, and giving
preventative treatment accordingly. This had ledatadramatic decrease in the
incidence of HDN, particularly severe cases thatewesponsible for stillbirth and
neonatal death (8).

In 1980’s, ultrasonography was used to itoonRh alloimmunized
pregnancies, and in experienced hands, early hgdrap be reliably detected (7).

In 1998, the recommendation was reinfollogdhe American Association
of Blood Banks and the American College of Obststand Gynecologists with the
inclusion of giving RhIG prophylaxis at 28 weeksigdstation and within three days
postpartum (9). Routine use of RhIG dose of 125Hduld be given intramuscularly
for every 1 ml of fetomaternal hemorrhage of Rhifpas packed red blood cells or 2
ml of whole blood. At present, a dose of 300 pg RiIG should be given
intramuscularly at 28 weeks’ of gestation and agethin 72 hours after delivery of
Rh-positive baby for every 15 ml of fetal packed rlls or 30 ml of whole blood
2, 7).
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Disease M echanism

HDN is caused by the destruction of theCRBf the fetus by antibodies
produced by the mother. Only antibodies of the imaglobulin G (IgG) class are
transported across the placenta, most IgG antibodie directed against paternal

antigens on the fetal red blood cells. (Figure 1)

Before birth, fetal red cells that aresgred by maternal IgG antibody are
removed by the reticulo-endothelial system for deston, causing anemia in the
fetus. Immature red cells were released into thed t@rculation to compensate for the
anemia, and this referred to “erythroblastosistirect bilirubin is transported across
the placenta for conjugation and excretion by tlo¢her (10).

At birth, the immediate neonatal problem is anemitnout jaundice but
in severe cases, cardiovascular failure, hepatosplegaly, generalized edema,
ascites, pericardial or pleural effusion and hpdrdetalis which may result in
intrauterine death and stillborn could be foundesejing on the severity of the disease
(14).

After birth, jaundice is detected within 24 hourschuse the maternal
system is no longer available to conjugate andet&cindirect billirubin (7). The
newborn liver which is deficient in enzyme “glucoyb transferase”, is unable to
conjugate indirect bilirubin into an excreable ferresulting in increased levels of
indirect bilirubin in the blood stream.Without adete treatment, the indirect bilirubin
can reach the levels which is toxic to the newlmitrain, causing “kernicterus” or
permanent brain damage (8).
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Fetomaternal hemorrhage

|

Maternal IgG antibodies formed against paternadijvéred antigens

During subsequent pregnancy, placental passagatefnal IgG antibodies

|

Maternal antibody attaches to fetal red blood cells

|

Hemolysis of fetal red blood cells

Figurel Pathogenesis of hemolytic disease of the newbdmn (1

Classification of HDN (1, 2, 3, 4)

HDN is classified into three categories, on thsidbaf the specificity of the
causative 1gG antibodies.

1. ABO HDN, caused by IgG anti-A or anti-B in gro@mother who has
A or B newborn.

2. Rh HDN, the most severe form is caused by antirORh negative
mother who has Rh positive newborn.

3. Less common causes of HDN include antibodiesnagantigens of
many blood group systems such as Kell system @g-K and anti-k), Kidd system
(e.g., anti-Jkand anti-JR and Duffy system (e.g., anti-Fgnd anti-F$).

1. ABO Hemolytic disease of the newborn

ABO incompatibility is a common conditiarccurring in 20-25 % of
pregnancies (15, 16, 17, 18), but produces HDNDif%lof the cases. ABO HDN may
affect the first pregnancy because IgG anti-A amiitB are present normally in group
“O”adults.

ABO incompatibility between the mother and newboem cause HDN.
Maternal 1IgG ABO antibodies can cross the placemta attach to the ABO
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incompatible antigens of the fetal RBCs leadingnégative or weakly positive direct
antiglobulin test (DAT). More commonly, the diseasemanifested by the onset of
hyperbilirubinemia and jaundice within 12 to 48 heouwafter birth. The increasing
levels of bilirubin can be treated successfullyhwgthototherapy (10). Severe cases
requiring exchange transfusion are extremely rdfe severity of ABO HDN is
generally mild and has negative or weakly positiv&T. This is because of poor
development of ABO antigens and reduced number ahé B antigen sites on fetal
or infant RBCs.

ABO antibodies are present in the serallboindividuals whose red cells
lack the coresponding antigens. The high-titeréd #tibodies are commonly found
in group O individuals than in group A or B indiuvials. Hence, ABO HDN is nearly
always limited to A or B infants of group O motheith potent anti-A, B (10). The
incidence of ABO HDN is several times greater thanother groups. However,
hemolysis due to anti-A is more common than antod, hemolysis due to IgG anti-B
can be more severe and can lead to exchange tsamsflBBecause A and B antigens
are widely expressed in various tissues besidessRBICh as epithelial cells, therefore
only a small portion of antibodies crossing thecptga are available to bind to fetal
RBCs due to neutralization (9). This is anothesosawhy DAT in ABO HDN is

usually negative or weakly positive.

2. Rh Hemolytic disease of the newborn

The Rh positive first born infant of Rh negativeotirer is unaffected
because the mother has not yet been immunizedn@ugestation, and particularly at
delivery when the placenta separates from the sitetariable numbers of fetal RBCs
enter the maternal circulation. These fetal RB@srying Rh (D) antigen inherited
from the father, immunize the mother and stimuthgeproduction of anti-D. Once the
mother is immunized to Rh (D) antigen, all subsedjuefspring inheriting the D
antigen will be affected. The maternal anti-D witbss the placenta and bind to the
fetal Rh positive cells. The sensitized RBCs arstrdged by the fetal reticulo -

endothelial system, resulting in anemia.
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Anti-D is responsible for the most severe casRHDN. In most cases,
Rh negative mother will produce anti-D after thestfiRh positive pregnancy. But in
rare cases, alloimmunization can occur during tfs pregnancy. The severity of Rh
HDN can vary from mild to severe cases which neathange transfusion to reduce
bilirubin levels and prevent kernicterus. Photodipgrhas no benifit in these cases.

The introduction of Rh immune globulin (RhIG) hasluced the incidence
of Rh HDN. Routinely, to protect the mother agai88tml of fetal Rh (D) positive
blood (15 ml RBCs), Rh (D) negative mother will ea® a 300 pg dose of RhIG
intramuscularly at about 28 weeks of gestation9)7 which is about the time when
fetal RBCs start to express the D antigen, andivecnother dose within 72 hours
after delivery of Rh positive baby. After deliverifJeihauer-Betke test is used to
estimate the feto-maternal hemorrhage and theataitose of RhIG could be given to
the mother (2).

To prevent anti-D production, RhIG should alsogbeen to Rh negative
mother after amniocentesis, abortions, terminatbrectopic pregnancy, abdominal
trauma, percutaneous umbilical blood sampling (PU&SI intrauterine transfusions
(2). Comparison of ABO HDN and Rh HDN is shown iable 1.

3. Hemolytic disease of the newborn caused by other antibodies

Less common causes of HDN include antié®diirected against antigens
of many blood group systems such as Kell system.,(anti-K and anti-k), Kidd
system (e.g., anti-3kand anti-JR), Duffy system (e.g., anti-Byand anti-F§) and
MNS system. To date, antibodies directed agairest®thand Lewis system have not
been associated with HDN, except they are I1gG adids (1, 2, 3, 4).
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Tablel Comparison of clinical data and laboratory findingsin ABO HDN and

Literature Revieh?2

Rh HDN
ABO HDN Rh HDN
Clinical findings
Anemia None to mild Mild to severe
Jaundice None to mild Mild to severe
Hepatosplenomegaly No Mild to severe
Edema No Mild to severe

Serologic results
ABO group

D typing

Direct antiglobulin test

Antibody (IgG) in infant’s serum

Mother group O
Newborn group A or B

D-positive or D-negative

Negative or weakly positive
Anti-A, anti-B, anti-A,B

Any ABO group

Mother D-negative
Newborn D-positive
Positive

Anti-D

Hematological results
Reticulocyte count
Blood smear

Morphology

Nucleated red cells

Mildly increased

Spherocytes

Mildly increased

Greatly increased

Macrocytes
Hypochromia

Greatly increased

Chemistry results

Bilirubin Mildly increased Often > 20 g/dI
Value of prenatal testing Not useful Useful
Occurrencein first pregnancy Often Rare
Protection for next pregnancy None Yes, RhIG

From Basic and Applied Concepts of Immunohematalétgmolytic Disease of the Fetus and

Newborn, 2000 (2)
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The severity of hemolytic disease of the newborn

The severity of HDN and infant determines whetther nature of HDN is
mild, moderate, or severe (8). In mild hemolytisedises, most of these newborns are
not anemic and have minimal hemolysis. Apart fraryephototherapy, they require
no exchange transfusion. However, these newbomstarisk of developing more

severe late anemia by 3-6 weeks of life (9).

In moderate hemolytic disease, these tafare not clinically jaundice at
birth but rapidly develop increment of unconjugbiirubinemia in the first 24 hours
of life. These newborns often have hepatosplenolypegad without adequate
treatment, they are at risk of developing bilirul@ncephalopathy. Early exchange
transfusion is usually required. These newbornsatse at risk of developing late

anemia of infancy at 4-6 weeks of life (9).

In severe hemolytic disease, the fetdrbys is predominantly caused by a
capillary leak syndrome due to tissue hypoxia, agdoalbuminemia secondary to
hepatic dysfunction, and high-output cardiac faltnom anemia. About half of these
fetuses become hydropic before 34 weeks of gestatia need intensive monitoring

and management (9).

Diagnosis and M anagement

Serologic and clinical tests performed at appedpritime during the
pregnancy can accurately determine the level oibady causing HDN also and
determine the severity of RBCs destruction. Ifickh and serologic data indicate that
the fetus is becoming severely anemia, intervestguch as intrauterine transfusion

can be performed to treat the anemia and preverddfielopment of disease severity.

A. Prenatal Diagnosis

When a pregnant woman first visits her cliniciaer lobstetric history

should be documented. Laboratory screening shoelgdsformed according to the
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local guidelines to determine health status anddémtify any health problems that

may affect the pregnancy or the fetus. Lists oftédsts are as follows:

1. ABO grouping: It is not essential during the prahgieriod because
ABO is unlikely to cause fetal morbidity or mortgl(1).

2. Rh (D) typing: as unimmunized Rh negative women po¢ential

candidates for anti-D immunoglobulin if Rh-positifetus is being carried.

3. Antibody screening: the tests must be able to telgG alloantibodies
that are reactive at 37 °C and in the antiglobplrase. If the antibody screening is
negative, repeat testing is recommended at 20 tave®ks of gestation and again at
delivery (1, 10).

4. Antibody identification: if the antibody screeniig positive, antibody
identification should be able to determine the lady specificity and whether
antibodies are clinically significance (1). In Rbgative pregnant women who have
weakly reaction anti-D, particularly during therthirimester, most of them may have
received RhIG prenatally. This passively adminatdeanti-D will be found with

weakly reaction in the test and will remain demaoaige for 2 to 3 months or longer.

5. Antibody titration: when clinically significant abbdy is identified,
maternal serum/plasma samples should be reguitdyet (2, 19). The first serum
specimen should be run in parallel with later specis, only difference of greater
than two dilutions or a score change of more th@nshould be considered as a

significant change in titer.

6. Paternal phenotype: paternal specimen should ba&nelot and tested
for the presence and zygosity of the correspondintigens. The information is
helpful in planning for further testing of the methand counseling.

7. Amniocentesis: amniotic fluid analysis of fetalihibin level measure
the clinical status of HDN directly (2, 19). In atiloh, amniocentesis is useful in
determining fetal RBCs antigen typing using polyaser chain reaction (PCR) to
amplify DNA from amniotic fluid.
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B. Postnatal Diagnosis (1, 2, 19)

When a newborn develops anemia at birth and jasnditected within 24
hours after birth, variety of causes should betifled. In case of suspected HDN, the
following should be performed on newborn and matkesamples.

1. Newborn sample should be tested for :

1.1 ABO grouping (cell grouping) and Rh (D) typing,

1.2 DAT for diagnosis of HDN, the positive result indtes antibody
coating on the infant’'s RBCs.

1.3 Indirect antiglobulin test (IAT) in newborn serudetectd for free
IgG anti-A or anti-B from the mother.

1.4 Elution tests may be helpful in determining IgGilamdies coated
on infant’'s RBCs.

1.5 Antigen typing if the mother has alloantibody.

2. Maternal samples should be tested for ABO grougdiig(D) typing,
antibody screening, antibody identificatand titration.

Management of HDN

A. Prenatal M anagement

An increase in maternal antibody titration (anti-Buggests that
amniocentesis should be performed. In Rh HDN duanteD, Liley graph (20) and
Queenan curve (21) are used for evaluating data fpectrophotometric analysis of
amniotic fluid with give three alternative managermef the fetus (Figures 2 and 3).
They allow the pregnancy to continue to term, penfontrauterine transfusion or
induce early labour with exchange transfusion aféeds. Since the prediction of
anemia from amniotic fluid analysis using Queenarve gives high accuracy, could
be performed at 14 weeks of gestation and earlyogpjate management could be
done, it is considered to be superior to the Lgegph.
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Figure 2 Liley graph. Liley graph for evaluating data from spectropmogbric
analysis of amniotic fluid. The optical density480 nm and weeks of gestation are
plotted to estimate the severity of HDN (Zone | lll) since 20 weeks of gestation. A
reading of 0.206 at 35 weeks (Zone lll) of gestatorrelates with severe HDN and
fetal death, which may necessitate immediate dsliv&one | and Il indicate
unaffected or mildly affected and moderate diseaspectively (2, 10, 14, 20).
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Figure 3 Queenan curve. Queenan curve is used for evaluating data from
spectrophotometric analysis of amniotic fluid. Toptical density at 450 nm and
weeks of gestation are plotted to estimate the rggvef HDN (unaffected,
indeterminate and affected) since weeks of gestatfo reading of 0.18 since 14
weeks of gestation correlates with severe HDN aatdl frisk of intrauterine death
(9, 21).

Intrauterinetransfusion (2, 10, 14, 22)

Intrauterine transfusions are given to correct @aaem utero and prevent
potential heart failure. Blood provided should laeked red cells with a hematocrit of
75 to 80 % group O, Rh (D) negative, less thanys add, irradiated to prevent graft
versus host disease and leukocyte reduced bytibitrao prevent cytomegaloviral
(CMV) infection. Donor RBCs are crossmatched witatennal serum. Percutaneous
Umbilical Blood Sampling (PUBS) is a technique usegrovide direct intravascular

transfusion into the umbilical vein.

B. Postnatal M anagement

1. Phototherapy

Phototherapy is performed as an initial treatmenthfyperbilirubinemia.
Exposure of newborns to fluorescent blue light he t420-475 nm range can

successfully treat physiologic jaundice and mildesaof HDN, particularly ABO
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HDN. Bilirubin, when exposed to light, undergoesofgisomerization to form
photobilirubin, which can be excreted in the bilghaut conjugation (2, 10, 14, 24,
25). However when newborn with hyperbilirubinemiaoed not respond to

phototherapy, exchange transfusions should be deresl.

2. Exchange Transfusion

Newborn suffering from HDN is at risk from anemianda
hyperbilirubinemia which can result in the permangamage of the brain, exchange
transfusion is indicated in severe HDN to overcothe problems. Exchange
transfusions can correct anemia without increabiogd volume, remove sensitized
newborn’s red cells and replace with normal freshait’s cells, reduce bilirubin level
to prevent kernicterus and reduce maternal antibesel (2, 4, 10, 14). Blood

selected for newborn ABO HDN is shown in Table 2.

Table2 Selection of blood for exchangetransfusionin ABO HDN

ABO group Blood for exchange transfusion
M other Newborn Red cells FFP/Plasma
0] A 0] A or AB
@]
O B @) B or AB
@]
A B o B or AB
B,wWB
A AB A AB
AB,WB
B A @] Aor AB
AWB
B AB B AB
AB,WB
WB = Whole blood FFP = Fresh frozen plasma

From Work instruction. The Department of Transfusion Medicine,
Faculty of Medicine Sriraj Hospital 2000. (26)
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A double-volume exchange will remove 85 % of rediscand lower
bilirubin by 25% to 45% (30). Reconstituted wholedad such as, packed cells
reconstituted with group AB fresh frozen plasmaR}JFwith a final hematocrit of
50% to 60% is often used for exchange transfusk®ed cells should be ABO
compatible with the newborn blood group and confgb@ativith maternal serum. Blood
collected in CPDA-1 and less than 7 days old isallgwsed to ensure maximal red
cell viability and to avoid decreased 2,3-DPG aighpotassium levels. FFP is used

to provide plasma proteins, coagulation factorsabdmin (4).

Compatibility testing in HDN (4)
First exchange

Use maternal serum to crossmatch with donor’s edld.c
Use plasma / FFP to crossmatch with newborn’s efid.c

Use plasma / FFP to crossmatch with donor’s red.cel

A

Use eluate from newborn to crossmatch with donedscells (if
maternal serum could not be obtained).
Read the results at RT, 37°C and IAT

Next exchange

If second exchange is required, crossmatching legtwewborn’s serum

and donor’s red cells should be performed.

Blood transfusion for infant lessthan 4-month old

AABB standard requires only limited pretransfusggrologic testing for
infants less than 4-month old, during any one fHaBpation to prevent iatrogenic
blood loss resulting in anemia, which may requirerentransfusions and to protect

them from multiple donor exposures (4). The test$gpmed are:

1. ABO (cell grouping)
2. Rh (D) typing
3. Antibody screening in maternal or infant’s seruptasma
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4. Crossmatching not required when using ABO, Rh (I@htical blood

and negative antibody screening.

Packed red cells are usually given in small volymepared fronmultiple-
pack systems that allow preparation of severalualg) from a single donor unit.
Infants usually do not form red cell antibodiesidgrthe first 4 months of life due to
immature immune response, therefore, crossmatdkimgpt considered unnecessary.
But if antibody exists in the maternal or infanssrum, antigen-negative blood must
be provided. ABO-identical or ABO-compatible bloaghich has the same Rh (D)
antigen as the infant can be transfused duringjriste? months.

In addition, using a single donor unit has manyaatlages, such as reduce
the wastage of blood and reduce risks of transfusEmsmitted diseases.
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CHAPTER IV
MATERIALSAND METHODS

Study design
Cross Sectional Description Study
Sample size

Sample size calculation is based on 95%idence interval (Cl) of true

proportion of disparity of Hemolytic Disease of tRewborn (HDN).

n = Zp’pq
4
where p = estimate disparity of HDN = 0.25

q = 1-p = 0.75
d = allowable error in estimating p = 0.05
o = probability of type | error = 0.05(2-sided)
Zooxs = 1.96

n = _(1.96§ (0.25)(0.75)

(0.0%)
n = 288.12
= 290 = 300 cases

The incidence of new born with hyperbilirubinemiaSariraj Hospital is
20-25 %* (18) and it was considered to be the aetdp error. Using this formula, the

sample size should be about 300 cases, howeverc&s were recruited for this

study.
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Materials and M ethods

Materials

1. Blood samples
1.1 Newborn’s sample
Three hundred and forty six newborn’s EDTA bloodnpées (0.5 ml)
were sent from the Department of Pediatrics, FgooftMedicine Siriraj Hospital,
Mahidol University. They were diagnosed as hypetbinemia and requested for
blood grouping (ABO, Rh), DAT and IAT with or withb blood for exchange
transfusion.
1.2 Maternal samples
Three hundred and forty six maternal EDTA blood gls (8 ml),
requesting for blood grouping (ABO, Rh) and scregrior IgG alloantibodies were
also obtained with newborn’s samples.
1.3 Infant less than 4 month old (8 daykess than four- month old) samples
Eighty nine infant's EDTA blood samples (0.5 ml)re®btained from the
Department of Pediatrics, requesting for bloodgfasion.

2. Reagents
2.1 Anti-A, anti-B (National Blood Cenjréhai Red Cross Society)
2.2 Anti-D (DiaMed AG, Switzerland)
2.3 Antihuman globulin reagent (AHG) (Bled AG, Switzerland)
2.4 In house standard A, B and O cells
2.5 In house screen cells for detectibmlmantibodies
- P+, P- to detect antibodies of legystem
- B Mi®to detect antibodies of ;Rnd MNS system
- Screen cells to detect antibodies of Rh, KiKiel] and Duffy
systems and other &jiGantibodies.
2.6 In house panel cells for identificatof maternal alloantibodies.
2.7 In house Coombs’ control cells (CCC)
2.8 DiaCidel elution Kit (DiaMed AG, Swérland)
2.9 0.9 % NSS
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Methods
Conventional tube test (CTT) was used for all #sg of this study.

ABO cell grouping (4)
Procedure
1. Place 2 drops of anti-A and anti-B in each of 12x7% clean and labeled
test tube.
2. Add to each tube 1 drop of 2-5% suspension in ONBS of red cells to be
tested.
3. Mix and centrifuge at 1000¢, 15 seconds.
4. Read, interpret and record the results.
I nter pretation
a. Agglutination of tested red cells and either heraislyare positive results.

b. A smooth cell suspension of the button is negatgailt.

ABO serum grouping (4)
Procedure
1. Label 12x75 mm, 3 clean test tubes as A, B and O
2. Add 2 drops of plasma in each tube.
3. Add 1 drop of 2-5% standard A, B and O cells sasp to each tube.
4. Mix and centrifuge at 1000¢;, 15 seconds.
5. Read, interpret and record the results.
I nterpretation
a. Agglutination of tested red cells and either heraislyare positive results.

b. A smooth cell suspension of the button is negatgailts.

Rh (D) typing (4)

Procedure
1. Place 2 drops of anti-D in 12x75 mm clean and kdbédst tube.
2. Add 1 drop of 2-5% suspension in 0.9% NSS of rdid ¢te be tested.
3. Mix and centrifuge at 1000¢, 15 seconds.
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4. Read, interpret and record the results.
I nterpretation
a. Agglutination of tested red cells is positive reg&h positive).
b. A smooth cell suspension of the button is negatsgeilt.
If negative result obtained, weak D test shoulgé&dormed.
5. Incubate for 15 minutes in 37 °C incubator.
Centrifuge at 1000 g, 15 seconds.
Read for agglutination.
Wash 3 times with 0.9% NSS. Completely decant itied fvash.
Immediately add 2 drops of AHG reagent, mix andrifige at 1000 g,

© © N o

15 seconds.
10. Read for agglutination and record the results.
I nterpretation
a. Agglutination of tested red cells is weak D phepety
b. A smooth cell suspension of the button is Rh negati

Direct antiglobulin test (4, 28)
Procedure
1. Dispense 1 drop of 2-5% suspension in 0.9% NS&afcells to be tested
into 12x75 mm labeled tube.
Wash 3 times with 0.9% NSS. Completely decant itied fvash.
3. Immediately add 2 drops of AHG reagent, mix andrige them at1000
x g, 15 seconds.
4. Read, interpret and record the result and check rucroscopic
agglutination.
5. Confirm the validity of negative result by addingdnbs’ control cells.
Mix and centrifuge at 1000¢, 15 seconds.
Examine for agglutination and record the results.
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Indirect antiglobulin test (4, 28)

Procedure

1.

o 0k~ w D

8.
9.

Label 12x75 mm test tube, add 2 drops of test paand 1 drop of 2-5%
cell suspension in 0.9% NSS.

Mix and incubate for 30 minutes in 37 °C incubator.

Centrifuge at 1000 g, 15 seconds.

Read for agglutination.

Wash 3 times with 0.9% NSS. Completely decant itied fvash.
Immediately add 2 drops of AHG reagent, mix andtrifige at 1000 X,
15 seconds.

Read for agglutination and check for microscopiglaination. Record
results.

Confirm the validity of negative result by addingdinbs’ control cells.

Mix and centrifuge at 1000¢;, 15 seconds.

10. Examine for agglutination and record the fssul

L ui freeze- thaw elution test (4)

Procedurefor eluate preparation

1.

Mix 1 volume of the RBCs to be tested with thretuaze of 0.9% NSS in a
test tube.

Cap the tube, and then rotate the tube in ordep&b the tube’s wall with
red cells.

Place the tube in a horizontal position in a freeze20 °C for 10 minutes.
Remove the tube from the freezer and thaw it quigkith warm, running
tap water or 37 °C water bath.

Centrifuge for 2 minutes at 1000gx

Transfer the supernatant to a clean test tube estdttin parallel with the
supernatant saline from the final wash.

Eluate is now ready for testing.
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DiaCidel (Acid Elution) (29)

Procedurefor eluate preparation

1.

Wash the RBCs that have a positive DAT once wWi#ONSS. At least 1
ml of packed cells is required.

Wash the packed cells 4 times wiiaCidel working wash solution.
Decant completely after last wash and keep pastipérnatant to test for the
presence of irregular antibodies.

Add to the washed packed cells with 1 ml DiaCidetien solution. Mix
well.

Centrifuge immediately for 1 minute at 90@ %3000 rpm).

Transfer eluate into a clean test tube.

Add 5 dropg250 pL)of DiaCidel buffer solution to the eluate and mill.
Observe the forming of a blue color, indicating eutnal pH 6.5-7.5 is
reached. If the blue color is not obtained, adderimrffer (1 drop at a time)
while mixing.

Centrifuge the eluate for 1 minute at 906 to completely remove any

residual red cells

Eluate is now ready for testing.

Testing the eluate

Procedurefor detection of 1gG anti-A/anti-B or other alloantibodies

1.
2.

3.
4.

Place 1 drop of eluate in 12x75 mm clean and labtelst tube.
Add 1 drop of 2-5% suspension (A/B or screen cadlsalloantibodies
detected, including negative control cells).

Perform indirect antiglobulin test.

Read the results macroscopically and microscopicall

I nterpretation

a.

Agglutination of the test cells with the eluate amal agglutination in the
control tube shows that antibodies have been efubed the RBCs surface.
No agglutination of the test cells with the eluat®ws that no antibodies

were eluted or that the corresponding antigen igresent on the test cells.
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Antibody Screeningtest (25)

Routine antibody screening tests performed at thepafiment of

Transfusion Medicine consist of 3 tests using fecneening cells that were prepared

from group O and had phenotyped for the most coniynemcountered and clinically

important RBC antigens.

1. Screening test for antibody of Lewis system, ugiagain treated cells
P (+) = Le (a+b-) and Le (a-b+)
P(-)=Le (a-b-) Il
Screening test for antizRnd anti-Mf using R, Mi (a+) screen cells
3. Screening test for antibodies of Rh, Kidd, Kell dnfffy systems using SC
screening cells (C, ¢, D, E, e2JB, K, k, Fy* FyP).
4. Screening test for antibodies of Rh, Kidd and lsgtems using
papainized SC screening cells.
Procedure

A. Method for screening antibody of L ewis system.

1.
2.
3.

4.
5.

Appropriately label 2 tubes as P+ and P- .

Add 2 drops of serum to each tube.

Add 1 drop of P+ and P- screening cells to P+ tapel P- tube,
respectively.

Incubate at 37 °C, 30 minutes.

Centrifuge and read for hemolysis.

I nterpretation

Hemolysis at any stage of the test is positive lteswdicating the need for

antibody identification.

B. Method for screening antibody of P (anti-P;) and MNS (anti-Mi?) systems.

1.
2.
3.

Appropriately label one tube for AMi (a+) cells.
Add 2 drops of serum to the labeled tube.
Add 1 drop of P, Mi (at+) screening cells to the tube.
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4.

Incubate at room temperature (RT) for 5 minutes)trdege, read for
agglutination and incubation for another 30 minutis®n centrifuge and

read for agglutination.

I nter pretation

Agglutination at any stage of the test is positigsult, indicating the need

for antibody identification.

C. Method for screening antibody of Rh, Kidd, Kell and Duffy systems,

using SC screening cells.

1.

2
3.
4

o

Appropriately label one tube as SC cell.

Add 2 drops of serum to SC tube.

Add 1 drop of the SC screening cells to SC tube.

Incubate at RT for 5 minutes, centrifuge, read &gglutination and
incubation at 37 °C for 30 minutes.

Centrifuge and read for agglutination.

Perform indirect antiglobulin test.

D. Method for screening antibody of Rh, Kidd and Kell systems,

using papainized SC screening cells (PS cells).

A

5.

Appropriately label one tube as PS cell.

Add 2 drops of serum to PS tube.

Add 1 drop of the PS screening cells to Bfg.tu
Incubate at 37 °C for 30 minutes.

Centrifuge and read for hemolysis and agugiton.

I nterpretation

Hemolysis and/or agglutination is positive tesuiesndicating the need for

antibody identification.
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Antibodies Titration (4)

Procedure

1.

10.

11.
12.

Label 10 test tubes according to the serum diluggg., 1 in 1, 1in 2 etc.) a
1 in 1 dilution means one volume of serum undilutedl in 2 dilution
means one volume of serum in a final volume of taroa 50 % solution of
serum in the diluent.

Deliver one volume of 0.9 % NSS to all tegbes except the firs{l
in 1) tube.

Add an equal volume of serum to each of the firgtlies (undiluted andid

2 tube).

Using a clean pipette, mixes the content of the 2 dilution several times,
and transfers one volume into the next tube (1diution).

Continue the same process for all dilutions, usir@dean pipette to mix and
transfer each dilution. Remove one volume of dduterum from the final
tube and save it for use if future dilutions arguiead.

Label 10 tubes (12x75 mm) for appropriate dilutions

Using separate pipettes for each dilution, tran&felrops of each diluted
serum into the appropriately labeled tubes andladdop of 2-5% red cell
suspension.

Mix well, and test by a serologic technique appiatprto the antibody.
Incubate at 37 °C 30 minutes.

Wash the cells three times with 0.9 % NSS and cetalyl decant the final
wash.

Add anti human globulin reagent to the dry cellgdiu Mix well.

Centrifuge and observe for agglutination. Graderaadrd the results.
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CHAPTER YV
RESULTS

1. Newborn lessthan 7-day old

We study 346 newborn samples who were diagnosed as
hyperbilirubinemia or jaundice, and maternal saspléhich were sent from the
Department of Pediatrics, Faculty of Medicine &iriHospital to the Department of
Transfusion Medicine for blood typing, DAT, IAT ‘itor without request of blood
for exchange transfusion, we found 221 (63.9%) <afeABO HDN (mother O,
newborn A or B), 47 (21.3%) cases of mother B/nawb&B, 30 (13.6%) cases of
mother A/newborn AB, 26 (11.8%) cases of mothereBimorn A and 20 (9%) cases
of mother A/newborn B as shown in Table 3.

In this study, only ABO incompatibilities betweprothers and newborns
were selected in order to detect maternal IgG adids attached to newborn’s RBCs.

Table3 Resultsof laboratory findingsin 346 newborn and maternal samples

Newborn Mother
IAT Elution Ab. screening,
RN(D) | DAT ii-A] ani-B| anti-A[ ani-B Rh (0) Identification
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Table3 Resultsof laboratory findingsin 346 newborn and maternal samples
(continued)

Newborn Mother
IAT Elution Rh (D) Ab. screening
anti-A | anti-B| anti-A| anti-B Identification
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Table3 Resultsof laboratory findingsin 346 newborn and mater nal samples

(continued)

Sample

Newborn

Mother

>
[os)
O

Rh (D)

DAT

IAT

Elution

anti - A

anti - B

anti - A

anti - B

>
[os)
O

Rh (D)

Ab. screening,
Identification
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+
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Table3 Resultsof laboratory findingsin 346 newborn and mater nal samples
(continued)

Newborn Mother
IAT Elution Rh (D) Ab. screening
anti-A | anti-B| anti-A| anti-B Identification

Sample

pd
o
>
@
e}

Rh (D) | DAT

>
o]
O
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+
'

+ +

+
'
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..
+ |
+|+
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Table3 Resultsof laboratory findingsin 346 newborn and mater nal samples
(continued)

Sample
No.

Newborn

Mother

>
o)
O

Rh (D)

IAT

Elution

anti - A

anti - B

anti - A

anti - B

>
o]
O

Rh (D)

Ab. screening,
Identification
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Table3 Resultsof laboratory findingsin 346 newborn and mater nal samples

(continued)
sample NeWbOII’RT o Mothel;a\b _
ution . Screening,

No. ABO | Rh(D) | DAT i Al ani-B| ani-A] ami-g co | Rh® Identification
256 AB + - - - A + -
257 AB + - - - A + -
258 AB + - - - A + -
259 AB + - + - A + -
260 AB + - - - A + -
261 AB + - - - A + -
262 AB + - - - A + -
263 AB + - - - A + -
264 AB + - - - A + -
265 AB + - - - A + -
266 AB + - - - A + -
267 AB + - - - A + -
268 AB + - - - A + -
269 AB + - - - A + -
270 AB + - - - A + -
271 AB + - - - A + -
272 B + + B + *
273 0 + + B + +
274 A + - - - B + -
275 A + - - - B + -
276 A + - - - B + -
277 A + - - - B + -
278 A + - - - B + -
279 A + - - B + -
280 A + - - - B + -
281 A + - - - B + -
282 A + - - + B + -
283 A + - - + B + -
284 A + - - - B + -
285 A + - - + B + -
286 A + - - - B + -
287 A + - - - B + -
288 A + - - - B + -
289 A + - - - B + -
290 A + - - - B + -
201 A + - - - B + -
292 A + - - - B + -
293 A + - - - B + -
294 A + - - - B + -
295 A + - - - B + -
296 A + - - - B + -
297 A + - - - B + -
298 A + - - - B + -
299 A + - - - B + -
300 AB + - - - B + -
301 AB + - - B + -
302 AB + - - - B + -
303 AB + - - - B + -
304 AB + - - + B + -
305 AB + - - + B + -
306 AB + - - - B + -
307 AB + - - - B + -
308 AB + - - - B + -
309 AB + - - + B + -
310 AB + - + + B + -
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Table3 Resultsof laboratory findingsin 346 newborn and mater nal samples

(continued)
sample Newborn Mother
IAT Elution Ab. screening,

No. ABO | Rh(D) | DAT i AT anti-B| anti-A] ani-g| £o | Rh©) Identification
311 AB + - + B + -
312 AB + - - B + -
313 AB + - - B + -
314 AB + - - B + -
315 AB + - - B + -
316 AB + - + B + -
317 AB + - - B + -
318 AB + - - B + -
319 AB + - B + -
320 AB + - - B + -
321 AB + - - B + -
322 AB + - + B + -
323 AB + - + B + -
324 AB + + + B + -
325 AB + - - B + -
326 AB + - - B + -
327 AB + - B + -
328 AB + - - B + -
329 AB + - - B + -
330 AB + - - B + -
331 AB + - - B + -
332 AB + - + B + -
333 AB + - - B + -
334 AB + - - B + -
335 AB + - B + -
336 AB + - - B + -
337 AB + - - B + -
338 AB + - + B + -
339 AB + - + B + -
340 AB + - - B + -
341 AB + - - B + -
342 AB + - B + -
343 AB + - - B + -
344 AB + - - B + -
345 AB + - - B + -
346 AB + - - B + -

DAT = Direct antiglobulun test + =  Positive result

IAT = Indirect antiglobulun test - = Negativ result

Elution test = Lui freeze — thaw elutionttes

Ab. Screening =  Antibody screening test

In the study of 346 newborns, 72 cases (20.8%)pusitive DAT which
69 cases (95.8%) had positive Lui freeze-thaw @tutest and 66 cases (91.7%) had
positive for IgG ABO antibodies. Among 274 case®.Z%) of negative DAT,
positive Lui freeze-thaw elution test were foundlihl cases (51.5%) and positive
IAT were found in 81 cases (29.6%).
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Table4 Summary of laboratory findingsin 221 ABO HDN

Mother / Newborn

O/A O/ B Total
cases (%) cases (%) cases (%)
N = 69 N =152 N =221
Test for newborn red cells
Rh (D) positive 69 152 221
DAT
positive 25 (36.2) 43 (28.3) 680.8)
negative 44 (62.8) 109 (71.7) 1539.0
Elution test
positive 56 (81.2) 21886.8) 188 (85.1)
negative 13 (18.8) 20 (13.2) 884.9)
DAT and Elution test
+/+ 25 (36.2) 4383 68 (30.8)
-+ 31 (44.9) 89 (58.6) 01254.3)
-/ - 13 (18.8) 20 (13.2) 33 (14.9)
Test for newborn serum
IAT for anti-A/anti-B
positive 41 (59.4) 99 (65.1) 1463.3)
negative 28 (40.6) 53 (34.9) 836(7)
Test for maternal serum
IAT for alloantibodies
positive 1 (14 0 1 (0.5)
negative 68 (98.6) 152 (100) 220 (99.5)
Elution test = Lui freeze — thaw elution test + = Positive result
Ab. Sc = Antibody screening test - = Negative result

Table 4, it was found that in 221 cases of ABO HIB{,cases (30.8%)
and 153 cases (69.2%) had positive and negative, Déspectively. Lui freeze-thaw
elution test also gave positive results in 188 £486.1%). Furthermore, positive IAT
for IgG ABO antibodies were found in 140 cases3%d.

In addition, alloantibody was found in 1 case (0)586 mother O with
newborn A which acid elution test gave positiveuteganti-E) that will be shown in
Table 8.
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Table5 Summary of DAT, Elution test and AT for anti-A /anti -B
in 221 ABO HDN

ResulB3

Elution test
DAT Total
+ -
+ 68* 0 68
- 120** 33 ** 153
Total 188 33 221
+ = Positive result
= Negative result
Elution test = Lui freeze — thaw elution test

* -

*% _

Positive DAT, positive elution test and fing IAT (65 in 68 cases, 95.6%)
Negative DAT, positive elution test andgitive IAT (73 in 120 cases, 60.8%)
Negative DAT, negative elution test andgitive IAT (2 in 33 cases, 6.1%)

Table 5 showed the summary of DAT, elution test Bl for anti-A or

anti-B. We found 68 cases that were positive fahld@AT and elution test which 65
cases (95.6%) were also positive for IgG ABO amtibs. In 153 cases of negative

DAT, 120 cases (78.4%) had positive elution testictv 73 cases (60.8%) also had

positive for IgG ABO antibodies. Interestingly ir8 ases of negative DAT and

elution test, 2 cases (6.1%) which had positive B8O antibodies were detected.
Negative DAT, elution test and IAT were found in&ises of 221 ABO HDN (14%).
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Table6 Summary of IAT and Elution test in 221 ABO HDN

Elution t
IAT ution test Total
+ -
+ 138 2 140
- 50 31 81
Total 188 33 221
+ = Positive result
= Negative result
Elution test = Lui freeze — thaw elution test

Table 6 showed the summary of IAT and elution t€ste hundred and
thirty eight cases in 140 cases of positive IATodtad positive elution test (98.6%).
Fifty cases in 81 cases of negative IAT had posiglution test (61.7%). Negative
IAT and elution test were found in 31 cases of ABDN (14%).
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Table7 Summary of laboratory findingsin 123 other ABO incompatible newbor ns

Mother / Newborn

A/B B/A A/AB B/AB Total
cases (%) cases (%) cases (%) cases (%) cases (%)
N =20 N =26 N =30 N =47 N =123

Test for newborn red cells

Rh (D) positive 20 26 30 47 123
DAT
positive 0 0 138 0 1(0.8)
negative 20 (100) 26Q10 29 (96.7) 47 (100) 122 (99.2)
Elution
positive 4(20) 3(11.5) 3(10) 12 (25.5) 22 (17.9)
negative 16 (80) BBG) 27 (90) 35 (74.5) 101 (82.
DAT and Elution
+/+ 0 0 33 0 1(0.8)
-+ 4 (20) 3(11.5) &0 12 (25.5) 21(17.1)
-/- 16 (80) 23 (88.5) 27)90 35 (74.5) 101(82.1)

Test for newborn serum
IAT for anti-A/anti-B
positive 2 (10) 0 3(10) 2 (4.3) 7(5.7)
negative 18 (90) @®0) 27 (90) 45 (95.7) 1180

Test for maternal serum

IAT for alloantibodies

positive 0 0 0 0 0
negative 20 (100) 2600} 30 (100) 47 (100) 123 (100)
Elution test = Lui freeze — thaw elution test + = Positive result
Ab. Sc = Antibody screening test - = Negative result

Table 7 showed the summary of laboratory findings23 other ABO
incompatible newborns. DAT positive was found ircdse (0.8%) which also had
positive elution test. Positive Lui freeze-thawtrln test and positive IAT were found
in 22 (17.9%) and 7 (5.7%), respectively. In thisup, no alloantibody was detected

in maternal serum.
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Table8 Summary of DAT, Elution test and AT for anti-A/anti-B

in 123 other ABO incompatible newborns

DAT Elution test Total
+ -
+ 1* 0 1
- 21** 101*** 122
Total 22 101 123
+ = Positive result
= Negative result
Elution test = Lui freeze-thaw elution test
* = Positive DAT, positive elution test and fine IAT 1 case (100%)
*x = Negative DAT, positive elution test andgitive IAT (3 in 21 cases, 14.3%)
rkk = Negative DAT, negative elution test andgitive IAT (3 in 101 cases, 3 %)

Table 8 showed the summary of DAT, elution test Bxd for anti-A or
anti-Bin ABO incompatible newborns. There was one caskgositive DAT, elution
test and also had positive IAT for ABO antibodid9@{%). In 21 cases of negative
DAT but positive elution test, 3 cases had positA€ for ABO antibodies (14.3%).
In 101 cases of both negative DAT and elution t&ésiases had positive IAT for ABO

antibodies (3%).

Table 9 showed the clinically significant materméibantibodies which
were detected in 3 cases. They were anti-E (t4¢y &nti-E+MF (anti- E titer 8) and
anti- JK (titer 4). In the first case, the mother was O, With anti-E and the newborn
was group A, D + and E -. DAT was 4+ but IAT foldgnti-A was negative. Lui
freeze-thaw was negative but DiaCidel was positwi-E was found in the eluate.

In the second case, the mother was group O, DiEFaand anti-Mf were
found in her serum. The newborn was group B, D+, Mi (a-), DAT 2+, only anti-E
was detected in the eluate.

In the third case, the mother was group B, D+,-3kftwas found in her

serum. The newborn was group O, D+, Jk (a+b-), IVSE negative but weak antifJk

was detected in the eluate.
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2. Infant less than 4-month old

Altogether 89 infant samples, who requested foodltransfusion from
the Department of Pediatrics to the Departmentrah3fusion Medicine, Faculty of
Medicine Siriraj Hospital, were studied.

Table1l0 Resultsof laboratory findingsin 89 infantslessthan 4-month old

Sample Ab.
Rh (D) DAT IAT Eluate screening
Anti - A Anti - B Anti - A Anti - B

Z
o

>
@
]

O|0O|0|0O|0O|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0
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Table1l0 Resultsof laboratory findingsin 89 infantslessthan 4-month old
(continued)

Sample IAT

No. Rh (D) DAT Eluate Ab.

screening

>
(o]
@]

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69
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Table1l0 Resultsof laboratory findingsin 89 infantslessthan 4-month old
(continued)

Sample Ab.
Rh (D) DAT IAT Eluate screening

Anti - A Anti - B Anti - A Anti - B

Z
o
>
@
]

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

|||+
1
1
1
1
1
1

> > >
&t m|m|w | w|m|w|w | w| w w | o|m| w

89

+ = Positive result

= Negative result

Table 10 showed thkiaboratory findings in 89 infants less than 4-month
old from the Department of Pediatrics, Siriraj Hitepwho requested for blood
transfusion for ABO grouping, Rh (D) typing, DATntédbody screening to detect
alloantibody and Lui freeze-thaw elution testingntihody screening and elution
testing were negative in all cases. IAT for anta#tl-B in infant's serum were also

negative.
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Tablell Resultsof laboratory findingsof ABO and Rh (D) blood groups

in 89 infantsless than 4-month old

ABO Rh (D) Number %
@) positive 30 33.7
A positive 16 18.0
B positive 40 44.9

AB positive 3 3.4
Total 89 100

Table 11 showed the laboratory finding of ABO ard (®) in 89 infants
less than 4-month old. Among 89 infants, group QBAand AB were found in 30
(33.7%), 16 (18.0%), 40 (44.9%) and 3 (3.4%) cas=spectively. Rh negative was

not found in this group.
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CHAPTER VI
DISCUSSION

HDN is one of the diseases that Blood Banks playngportant role in
many aspects, such as, screening for high riskpgrouring pregnancy, investigation
for the causative antibodies responsible for theeabe, providing appropriate
treatment and giving suitable prevention for theufel pregnancies. HDN has various
type of severity, mild, moderate and severe cages,to the level of the maternal
antibodies and characteristic of the antigens tal RBCs. Many blood groups system
are responsible for HDN (1, 4, 7, 15 30). The noashmon type is ABO HDN which
occurs mostly in group O mothers who have A or Bbmans. The most severe type
of HDN is Rh HDN, occurs in Rh negative mothershwirh positive newborns. The
maternal anti-D is produced as a result of previcarssfusions of Rh positive blood or
pregnancies. The destruction of fetal RBCs may lresm severe anemia,
hyperbilirubinemia, hydrops fetalis, kernicterusemen death. Therefore, all pregnant
women should attend antenatal clinic for the benefi herself and the babies.
Additionally, serologic studies performed by theo®l Banks could suggest the
appropriate management of the disease. The secalagists that should be done in
the newborn’s samples are ABO (cell) grouping, Bi fyping, DAT, elution test,
screening for IgG ABO antibodies and for free magémalloantibodies. The tests for
the maternal samples are ABO grouping, Rh (D) typiantibody screening and
antibody identification. Then, HDN is diagnosed the results of maternal and
newborn ABO grouping and Rh (D) typing results whielution tests could help
confirm the IgG ABO or alloantibodies bound to neniis RBCs.

In this study of 346 newborns with diagnosis opénpilirubinemia, ABO
HDN (mother O, newborn A or B) was the most comnigpe found (63.9%) as
shown in Table 3. In addition, clinically signifitaalloantibodies in maternal serum

were found in 3 cases. Rh negative was not fourbih mothers and newborns.
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In Thailand, several studies on HDN and tests pexéo were reported. In
1997, Ratanasirivanich P, Noparat K and ChiewsjlgtBdied clotted cord blood of
2100 Thai newborns at Ramathibodi Hospital and ntedathe prevalence of positive
DAT was 1.57% which 96.96% were born to group Ohad. Antibodies in ABO
system, confirmed by positive elution test were thost common cause of positive
DAT but none of them required exchange transfusimi-E was detected in the
eluate of one case (mother O, newborn O) (31).

In 1997, Chuansumrit A, Siripoonya P, Nathalang r@d &riphaisal T.
investigated infants with hyperbilirubinemia in thest week of life and found the
positive rate of DAT in ABO incompatible group wasnilar by both conventional
and the gel techniques, 54.5% amd 50%, respectiValy suggested that DAT using
the gel technique is beneficial to the diagnosisibN (32).

In 2000, Cheepsattayakorn R, Fongsatitkul L andipisg P, studied 60
clotted blood specimens of infants with hyperbbinemia in the first week of life at
Chiang Mai which 30 cases were ABO incompatibi(ityother O, newborn A or B).
They reported the prevalence of positive DAT, pesilAT for ABO IgG antibodies
and positive elution test were 36.67%, 66.67% &%, 5espectively. They concluded
that the presence of specific ABO IgG antibodiesIAY in the serum and eluate
correlated with clinical diagnosis of ABO HDN. Tleéore, if positive IAT was found,
the elution should be performed despite negativé [38).

Furthermore, in 2000, Chanachaiwan P, Sakuldameomgp T and
Vutikornsombatkul V studied cord blood of 456 newisoat Police General Hospital
and found the prevalence of ABO HDN (mother O, nemmbA or B) and positive
DAT were 9.2% and 1.74%, respectively. Positive DIRTABO HDN was 19%
which heat elution test was also positive. In addijtheat elution test positive was
found in 67.6% of negative DAT cases. They condluithat elution test is more useful
in diagnosis of ABO HDN (34).

In our study, positive DAT, positive IAT and posti elution test were
30.8%, 63.3% and 85.1%, respectively. We found higie of negative DAT as
previously described. The DAT of ABO HDN usuallyvgs negative or weakly
positive results, due to poor development of A Bnantigens, reduced number of A

and B antigenic sites, and the neutralization ofemmal IgG ABO antibodies by A or



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Tsfusion Science) /49

B substances in the fetal tissues which reducesatheunt of ABO antibodies
available to destroy fetal red cells. Therefore, TD#one is not considered the test to
diagnose HDN.

In the detection of IgG anti-A and anti-B by usidJ, we found positive
results in 63.3% of the cases. The positive ratg@fanti-B and anti-A were 65.1%
and 59.4%, respectively. Similarly, Cheepsattayaly Fongsatitkul L and Pisaipong
P reported that IgG ABO antibodies was detecte@6i7% of their study. Although
the test was helpful in a suspected case of HDNt ludis not the only test to diagnose
HDN as well (33).

When Lui freeze-thaw elution test was included iar cstudy, the
interesting results were found. Elution test gawsitpve results in 100% and 95.8% of
positive DAT and positive IAT cases, respectivéljreover, the positive elution tests
were also found in 78.4% and 61.7% of negative Dkl IAT, respectively. It is
obvious that, Lui freeze-thaw elution test is ukefuthe detection of IgG ABO
antibodies. From our experience, the test is eadyahdle and interpret the result,
required small volume of RBCs and is inexpensivieer&fore, this elution test is
useful in the investigation of ABO HDN. The benefitfreeze-thaw elution test is not
only to confirm the diagnosis but eluate obtainedld be used for compatibility test
when maternal sample is unavailable. From thisystwe& recommend to perform Lui
freeze-thaw elution test in the diagnosis of ABO NHihspite of negative DAT or
IAT.

Several studies of HDN from many countries in Azl Australia were
published. In 1987, a study in Singapore reportedincidence of HDN due to ABO
incompatibility was 3.7% of all group O mothers5)3n 1992, a review of infants
with jaundice in Australia demonstrated 5.5% of AB©ompatibility and 1.8% of Rh
incompatibility which 43.6% and 23.4% of Rh and AB@compatibilities,
respectively, required exchange transfusion (361996, 101 newborns with jaundice
due to ABO incompatibility were studied in Sri Lank84.2% were mother O with
newborn A or B, 8.9% were mother A with newborn BAB and 6.9% were mother
B with newborn A or AB. They found high titer IgGt#&A and anti-B in maternal
serum, resulting in 39% of newborns required exgkamansfusion and 9% required

multiple exchanges. ABO incompatibility in Sri Lamlappeared to be more severe
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disease than elsewhere (37). In 1998, a study terrdae the antibody specificity
causing HDN in 79 cases in Korea demonstrated rieajence of ABO HDN and Rh
HDN (anti-D) were 25.3% and 8.9%, respectively. iAnt+ ¢ and anti-E were the
common alloantibodies detected in non-ABO inconiplitty (38).

In the present study, maternal clinically signifitaalloantibodies were
detected in 3 cases, they were anti-E, anti-E phtsMi® and anti-Jk as shown in
Table 8. None of them required exchange transfudios to the weak reactivity of
anti-E and anti-Jkdespite positive DAT and acid elution test. Ad is commonly
found in the patients due to high incidence @RRphenotype in Thai populations.
Anti-Mi % is another antibody that is commonly found in Tpatients and donors but it
is an IgM type, therefore cannot cross the placeard cause HDN (39). To
demonstrate maternal IgG alloantibody attached emmborn’s RBCs, we found acid
elution test (DiaCidel) is suitable because itasyeto perform, require small volume
of RBCs and gives clear-cut results even thouglptioe is more expensive.

In the study of 89 infants less than 4-month dhd distribution of ABO
group were O 33.7%, A 18%, B 44.9% and AB 3.4%. iflnedence of B was higher
than previously described (40). This is becausesaunples were the selected infants
with anemia who required blood transfusions. Alses were Rh (D) positive. The
results of DAT, IAT for IgG anti-A/anti-B, alloartiodies screening and Lui freeze-
thaw elution test were all negative. These resottated that, at the age of 8 days to
4 months, maternal IgG anti-A or anti-B were nairfd in our study. Unfortunately,
we did not include the detection of IgM anti-A aadti-B in this study. When
performed the tests for unexpected alloantibodresnfant’'s serum, the negative
results obtained even though some of them may feesved blood transfusions prior
to referring to our hospital.

According to AABB Standards, repeat blood group(#®O, D) and
crossmatching could be omitted if antibody scregngnegative in the initial testing
during the same hospitalization (41). This is bseaalloimmunization following red
cell transfusions in neonate is unlikely to occue do immature immune system (42,
43). Additionally, small aliquots from a single dwnunit could be used to prevent
blood wastage, multiple donor exposures and iniquéar, the risk of transfusion

transmitted diseases (4, 27). The study resultéromed the recommendations of the
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AABB Standard and the Standards for Blood Banks amansfusion Services,
National Blood Centre, Thai Red Cross Society (@), that there is no need to take
blood samples from these infants every time thegdnblood transfusion. Thus,

iatrogenic anemia could be prevented.
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CHAPTER VII
CONCLUSION

The purpose of this study was to detect maternal 1gG antibodies in
newborns and infants less than 4-month old in order to provide definite diagnosis of
HDN and safe blood transfusion. In the study, Lui freeze-thaw elution test was used to
detect 1gG anti-A or anti-B and acid elution test (DiaCidel) was used in the detection

of unexpected 1gG alloantibodies bound to newborn red cells.

The study showed that Lui freeze-thaw elution test not only gave positive
resultsin all cases of positive DAT but also gave positive results in 78.4% of negative
DAT cases. In addition, the test gave positive results in 95.8% and 61.7% of positive
and negative IAT cases, respectively. For aloantibodies detection, the use of acid
elution test could detect the clinically significant alloantibodies in the maternal serum.
For infants less than 4-month old, all the tests were negative, none of al IgG ABO

antibodies or alloantibodies were found.

In conclusion, we recommend the use of elution tests as routine test
performed in the investigation of HDN in order to improve the definite diagnosis and

management of the disease.
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