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TITLE

STUDY OF ALLOIMMUNIZATION IN TRANSFUSION
DEPENDENT THALASSEMIA PATIENTS AT A TERTIARY
CARE HOSPTAL

ABSTRACT

Background: A well-known consequence of thalassemia patient® weceive
multiple blood transfusions throughout their liveshe development of alloimmunity,
or allo-antibodies against donor red blood celB@R). This leads to hemolysis of the
donor's red blood cells, making the transfusios &ffective and increasing the risk of
secondary problems such as iron overload. Thisysttass conducted to examine how

common alloimmunization is in patients with thakrss.

Methods: The study enrolled 205 thalassemia patients withistory of multiple
blood transfusions. Ortho workstation cassettesawoing the polyclonal anti-human
globulin (AHG) for Direct Coombs test (DCT) was ds® detect presence of allo-

antibodies against RBC surface antigens.

Results: Among the 205 thalassemia patients enrolled imgtudy, the average age
of the participants was 11+/- 6 years. Thalassenajr (76%) was the most frequent
diagnosis followed by thalassemia intermedia (22%ajority of the cases were

diagnosed and started on regular blood transfusierapy between the ages of 1 and
10 years. Most of Thalassemia major patients (62%g Thalassemia intermedia
patients (67%) were born of parental consanguiriitye most frequent therapeutic
regimen employed was that of hyper-transfusion taintain the pre-transfusion

hemoglobin between 9 and 10 g/dl. Only 13% of thgemts underwent splenectomy

among which Thalassemia major cases were the ryaj&@ven though O-Positive
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was the most frequent blood type, most of the dpdrand alloimmunized cases
belonged to the B-Positive blood type. Alloimmuniaa was seen only in 21 out of
205 patients (10%), among which majority (76%) webern of parental
consanguinity. Majority of the operated cases ¢faldssemia had developed
alloimmunization post-splenectomy (52%). There wmasassociation between the
type of thalassemia, alloimmunization or splenegtaand the blood group in total
study subjects. With a p value <0.0001, there wastrang association between
alloimmunization and splenectomy among multi-trasefl thalassemia cases. The
total number of transfusions, the volume of blo@hs$fused and the age at which the
transfusion was started showed significant coriatavith both alloimmunization and
splenectomy. Parental consanguinity did not seehmt@ a significant effect on the

alloimmunization, splenectomy and the type of thsdéenia among these cases.

Conclusions: Our results highlight the importance of erythrocwereening and

antigen typing before the initial transfusion. Tdsdemia patients undergoing multiple
transfusions often develop alloimmunization agaimatied erythrocyte antigens
which have varying clinical importance. There iss@ong relationship between

alloimmunization and lack of a spleen.

Key Words: Alloimmunization, thalassemia major, thalassenmtgermedia, blood

transfusion, splenectomy, hemoglobin, allo-antibedi
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I ntroduction

INTRODUCTION

Hemoglobinopathies are an inherited group of deeabkat occurs due to
faulty hemoglobin synthesis or defective hemoglobinucturé™®. They can be
broadly classified as either qualitative or quatite. The term "thalassemia” refers
to a class of qualitative hereditary diseases cienized by aberrant hemoglobin
structure brought on by the lack of or reduced lsgsis of one or more globin chains.
Thalassemia can be of two primary types: When an@ae genes associated with
the alpha globin protein are absent or alteregsitilts in alpha thalassemia (mutated).
Similar gene abnormalities that influence the gatien of the beta globin protein
result in beta thalassem{&®22 The prevalence of alpha and beta thalassemiaein t
Indian subcontinent reflects the overall diseasedému The prevalence of-
thalassemia in India is widespread, with a carfiequency of 03-04% on average.
Every year, approximately 10,000-15,000 infants lzosen with Thalassemia Major
(TM). Patients with symptomatic thalassemia requitenerous blood transfusions
throughout the course of their lifetimes to maintai reasonable standard of living.
The need for multiple transfusions increases tB& df problems in thalassemia
patients, including iron overload, alloimmunizatiorblood-borne infections,
etc_l,lg,23—3:l_.

The immune system of the recipient responds toidgoreantigens (iso-
antigens) from the donor, which results in the psesc of alloimmunization
(isoimmunization) after many blood transfusionsth&rough review of the literature
revealed that anti-E was the most common antibodytlhat alloimmunization affects
4.8 (3.9-5.7) of every 100 people who have had manseblood transfusions. Most
of the studies done were cross-sectional, whicldcbave led to an underestimation

of the true prevalence of alloimmunizatfé®®. Alloimmunization is a well-known
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I ntroduction

complication in thalassemia patients when perfogminultiple transfusions, because
their immune system recognizes the donor red btmdd (RBC) surface antigens as
foreign entity. Hence, the life span of red bloadlx (RBC) is shortened, and the
patients are clinically dependent on increasede@tgn) RBC transfusions. Thus,
alloantibodies and/or autoantibodies of RBC thatll&o difficulty in cross-matching
and delay in obtaining compatible blood for trasgfn are a serious problem in
patient blood management of thalasséfii* The antiglobulin test (AGT), also
known as Coombs test, is an immunological laboyafmocedure used to detect
antibodies against the body's circulating RBCs, cWwhicause hemolysis. An
alloimmune-mediated hemolytic transfusion reacti®TR) is brought on by an
alloantibody that was recently identified in a pwansfusion sample. It can take as
little as two to three days for an alloantibody ftom. Alloantibodies develop,
possibly accompanied by hemolysis, and result positive Direct Antiglobulin Test
(DAT) 14549

Alloimmunization raises the technical challengesyioidity, and mortality of
transfusion therapy while complicating and limitiingin patients who have received
many transfusions, the incidence of alloimmunizatibas been significantly
decreased using phenotypically matched leucodepletsod®. Hence, this study is
aimed at estimating the prevalence of alloimmuiozain transfusion dependent

thalassemia patients at a tertiary care hospitilorth Karnataka.
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Objectives

AIMS AND OBJECTIVES

To study alloimmunization status in transfusion dependent thalassemia patients.

To find the association between frequency of blood transfusions in thalassemia

patients and positive alloimmunization status.

To find an association of blood group distribution in thalassemia patients and their
alloimmunization status, if any
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Review Of Literature

REVIEW OF LITERATURE

HEMOGLOBIN

Hemoglobin is a unique transport protein presesidm the red blood cells,
which carries oxygen from lungs to the rest of ttloely for oxidative metabolisth®®
0 Four molecules of oxygen can be carried by ooéecule of hemoglobit3:50-¢°
The tetrameric hemoglobin has a molecular weigl6700 Daltons and consists of:

- four globin chains

four prosthetic heme group subunits, each of whiah a tetrapyrrole ring with a
ferrous ion in the middfé°%-¢(Figure 1).

The composition of the globin chains varies with ttevelopmental stage of the
organism. Genes located on chromosomes 11 anceI@sponsible for production of
these globin chaift$°0-%°(Figure 2).

The normal types of hemoglobin for each stagefefdie given in table®$>°

Figure 1: Tetrameric structure of hemoglaBin

B chain

Image taken from: Hemoglobin and Myoglobin. The hatl Biochemistry Page.
Updated: September 27, 20Retrieved on 19-12-2022, from
https://themedicalbiochemistrypage.org/hemogloid-myoglobin/

Page 4



Review Of Literature

Table 1: Hemoglobin & Its Variants According to Thevelopmental Stag®

DEVELOPMENTAL
TYPE GENOTYPE REFERENCE INTERVAL
STAGE
Gower 1 Coe2 -
. Gower 2 02€2 -
Embryonic
Portland Goy2 -
90-95% before birth
HbF 02y2 .
50-85% at birth
Fetal
HbA a2f2 10-40% at birth
(Highest oxygen affinity)
HbA: 0202 <1% at birth
HbF o2y2 <2%
HbA a2f2 >95%
>1 year old
HbA> 0202 <3.5%
Adult HbA 2Pz >95%
(Lesser oxygen affinity HbA> 0202 1.5-3.7%
than HbF) HbF 02y2 <2%

Table taken from: Anemia: - Part 5 A — Sickle C&liemia, and Sickle Cell Trait,
Discussion and Workup. Retrieved on 19-12-2022nFrdtps://labpedia.net/anemia-

part-5-sickle-cell-anemia-and-sickle-cell-trait-clission-and-workup/
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Figure 2: Hemoglobin Chains and Their Chromosonuaations®

€ pEpEn C -
— a27y2 =
) v 3
= Hb Al -
S o2 B2 S
= =
S O ®
5 Hb A2 o

0252

Image taken from: Anemia: - Part 5 A — Sickle Gefiemia, and Sickle Cell Trait,
Discussion and Workup. Retrieved on 19-12-20220Fro

https://labpedia.net/anemia-part-5-sickle-cell-armeand-sickle-cell-trait-discussion-

and-workup/
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HEMOGLOBINOPATHIES

Hemoglobinopathies are inherited diseases occuduggto genetic alterations
in the structure and function of the hemoglobin @cale-15:24:48.57.61-64

Around 300,000-500,000 babies are born each yeath wnhajor
hemoglobinopathies, and it is believed that 7%h&f world's population carries a
defective hemoglobin geh&:244857.61-64

The abnormality lying within the globin chains caither be qualitative
(structural alteration) or quantitative (numeria#ieration). The resulting hemoglobin
variant may have altered solubility, function, aability*15:2448.57.61-64

Sickle cell anaemia, the most common form of gatlie hemoglobinopathy,
is caused by deletions or changes in the aminc abiat make up the globin chain,
and it affects 70% of births worldwiéi&>24:48.57.61-64

Thalassemia is a type of quantitative hemoglobittopaaused by a globin
chain mutation that results in a decrease in oerates of the chain. With more than
400 identified mutations affecting the assembly f@moglobin that result in

ineffective erythropoiesis, this group of autosomeessive illnesses is exceedingly

diversd 15:24,48,57,61-64
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THALASSEMIA
HISTORY:

Thomas Cooley of Detroit provided the first widedgcepted description of
this category of illnesses in 1925 after obserumgnerous paediatric examples of
anemia linked to splenomegaly and skeletal defeemitalso known as "Cooley's
anemia'?33554636566 George Hoyt Whipple, an American pathologist ahgisician,
came up with the term "thalassemia”. Since the exilnwas initially identified in
communities residing close to the Mediterranean, 8saname is taken from the
Greek term "Thalassa" which means "the sed@%%6-68 |n 1938, J. Caminopetros
discovered that this illness is inherited in anoaamal recessive man/&t® The
Mediterranean area, Southeast Asia, together Wwehridian subcontinent, and West
Africa were observed to have the highest rateisfdategory of anenf35-36:49.65-75
Several famous individuals have made significamides in understanding the
pathogenesis, the variety of clinical manifestatjahe identification of the numerous
types, and interconnections of thalassemia syndsorMany ideas for effective
treatment modalities for this illness were creatadd these included mandatory
monitoring and regular blood transfusions with athaut the need for splenectomy.
Knowing that frequent transfusions are requiredhiese situations, anonymous safe
blood donation evolved into an inexpensive succgssiiution to lessen the suffering
that thalassemia causes for both the patient antt¢ating physicigti’>

In due course, the idea of "hyper-transfusion" @esgeloped to cover up the
bone marrow's inefficient erythropoiesis and raisEmoglobin levels to almost
"supernormal” levels. Iron overload was a side atffef this regimen, and frequent
ferritin levels were tracked down and used as @e@ani iron toxicity. Additionally, it

was discovered that a hyper-transfusion regimenneasecessary for pre-transfusion
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hemoglobin levels of 9 to 10 g/dl. As a result,ieas other regimens were used,
which assisted in lowering the total amount andjdency of blood transfusions.
Desferrioxamine, an iron-chelating siderophore firamotes urine elimination of the
excess unbound iron, was discovered, which fursguced iron toxicity>°-66.76-93

The wellness and comfort of these patients haverdwga over time owing to
adherence to numerous developed protocols and esdhatihalassemia treatment
regimens. Gene therapy research for thalassemawspromoted and seems to be

producing encouraging results, although it hasyettbeen implemented in clinical

SettingéO,15,51,54,66,81,82,87,94—97

HEMOGLOBINOPATHIES VS THALASSEMIAS

The usual amino acid sequence of globin is alténedemoglobinopathies.
The globin subunits that make up the hemoglobirate¢r are normally coordinated,
however thalassemias are caused by an imbalantesiprocess. It is now known
that globin gene mutations in the coding area esult in hemoglobinopathy, a
structural deficiency, and a biosynthetic defetial@ssemia). It' possible for two
different mutations to arise in the same gene,itgatb a hemoglobinopathy with
thalassemia-like characteristid§48:51.63.81.82,88,98-104

The differences between hemoglobinopathies andgbaimia is given in Tabl&%2
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Table 2: Hemoglobinopathies Vs Thalassefias

HEMOGLOBINOPATHY THALASSEMIA
Qualitative defects in the structure o Quantitative disorders of hemoglobin

Characteristics  globin chains resulting in production ¢ synthesis that produce reduced amounts

abnormal hemoglobin molecules of normal hemoglobin
RBC Count Reduced Higher than expected for Hb
RBC Indices Normocytic Normochromic Microcytic Hypochromic
Target cells
Sickle cells (in HbS) Target cells
RBC Morphology . S
HbC crystals (in HbC) Basophilic stippling,
Others
HbH (3%
Abnormal Hb HbS, HbC, HbE etc.
Hb Bart's (¥)
Hb Solubility Test HbS, Hb Bart’s, HbC -
Reticulocyte Count Raised more than in thalassemia Raised

Table taken from: Randolph T R. Thalassemia. Imi€al laboratory Hematology'3
edition. Shirlyn B. McKenzie, J. Lynne Williams. &son. 2016. p.283-308.

TYPES OF THALASSEMIA AND THEIR GENETIC DEFECTS

The existence of six globin genes B, Y, a, € & ) results in six different
versions of thalassemia syndrort&0-63.9
The two major types of thalassemia are:
- a-thalassemia
- B-thalassemia

These occur due to impaired synthesisia@lobin chains &3 globin chains
respectively->5-60-63.96

The majority of children with thalassemia majorgegximately 1 to 1.5 lakh)

and almost 42 million carriers (3-4%) of thethalassemia trait are found in India.
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Every year, between 10,000 and 15,000 infants amen bwith thalassemia
majorf11%%1% Certain communities, including Sindhis, Punjal@sjaratis, Bengalis,
Mahars, Kolis, Saraswats, Lohanas, and Gaurs, baem noted to have higher
incidences of the disea8g061:107-110
According to their severity, thalassemias are cilty classified inté?382
1) Thalassemia Major (TM)
2) Thalassemia Intermedia (TI)
3) Thalassemia Minor or Tram®322
Thalassemia Major (TM) and the severe form of Tésdania Intermedia
(TI both require lifelong blood transfusions anmdni chelation. They account for
most of the disease burden. The aberrant betastwatda genes from either one or
both carrier parents—or the abnormal beta thalassgene from one parent plus an
abnormal variant hemoglobin gene (HbE, HbS) frora dther parent—are what
create the thalassemia syndromes. Beta thalassemiéBTT), or thalassemia minor,
is the carrier state in which the person is clitjycaormaf?6382
The rare occurrence @fthalassemia and the combinations of gene deletions
(e.g.:8pY-thalassemia) renders them clinically insignificant
Thalassemic hemoglobinopathies are structural ntiaof thalassemia
producing the signs and symptoms of thalassemiesd mclude:
- Hemoglobin Constant Spring: Abnormal length aflgh chain
- Hemoglobin E: Point mutation
- Hemoglobin Lepore: Structural abnormality witheffective synthesis of nom-

globin chain&.
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In some places, the prevalence of HbS among tpealples in Southern,

Central, and Western Indian states might appro@.4bE is widespread in the

North-Eastern states and, in some places, hasrerciequency as high as 50%.

West Bengal, Bihar, and Uttar Pradesh in the eastwdnere it is found at lower

frequencies, while Punjab has roughly 2% of theuteton with Hb[}-26:48.61,106.111

The summary of the types of thalassemia along Wigir common genetic defects

have been given below in Table numbgt 3

Table 3: GENETIC DEFECTS IN THALASSEMIA

TYPE OF
MUTATION | EFFECT ON GENE EFFECT ON GLOBIN CHAIN
THALASSEMIA
Predominantly alpha )
_ Deletion _
thalassemia Loss of gene Absence of production
_ (large)
Some beta thalassemia
Promoter Impaired transcription Reduced or absertyztion
Amino acid change
In frame substitution
Amino acid changes distal to shift
Nonsense Frame shift
Longer or shorter globin chains
Slightly lengthened
Convert stop codon td _
Stop codon ) _ - Retained
amino acid codon
- Degraded
Predominantly beta Slightly shortened
thalassemia Create new splice sites - Retained
- Degraded
_ _ Slightly lengthened globin chain
Splice site

Loss of splice sites

(retained)
Significantly lengthened globin chain
(degraded)

Unaltered globin chain
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PATHOPHYSIOLOGY OF THALASSEMIA
The standard.:§ ratio is 1:1. (both produced in equal amounts).irAbalance
in this ratio leads to anaemia, ongoing hemolysiand ineffective

erythropoiesi$?+°°>63

ALPHA-THALASSEMIA:

Alpha globin @-globin) is coded by two genes on chromosome l1&hEa
diploid cell has two copies of chromosome 16, whresults in fouri-globin alleles.
Reduced synthesis afglobin chains results from deletion mutation oéar moreu-

globin allele§374.112-114

Alpha-thalassemia includes 4 subtypes:

1) Silent carrier

az
— Deletion of la-allele

o3 o4 ~  @-/aa ORaa/-0)

—

As long as the other three functioning allelesdpicee enoughu-globin, the
loss of onea-allele has little effect on the synthesis Bfglobin. Typically
asymptomatic, these patients have normal RBC isdiCeese diseases are discovered

by molecular testing and family history inquif&$'2113

Page 13



Review Of Literature

2) o-thalassemia trait

Deletion of @alleles

L - -/ o o

.
E a2 Deletion ofalleles

—

r : (-a/-a)
>E4 o4

Deletion of twoo-alleles leads to decreased synthesig-globin with normal
B-globin synthesf§112:113
There are two scenarios that have been observed: -
- Decreased HbA resulting in mild anaemia with thestexce of microcytic
hypochromic RBCs
- No significant surplug-globin, resulting in a normal Hemoglobin Electropésis
result and a normal protein chromatograghy?1*3
These cases are discovered by molecular t&8fitrg*3

On supravital staining, HbH inclusions can be s&igh much difficulty inside

R Bc§3,112,11?
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3) HbHdisease —

Deletion of 3u-alleles
ﬂ a4 (- - / -a)

—

With normalp -globin production, the loss of three-alleles causes a reduction in -
globin synthesf§!12:113

The two scenarios seen are:

- A decrease in HbA that results in a moderate mieand the presence of microcytic
hypochromic RBCs

- An excessive number @fglobins that bind to produce unstable Hifi4)( Protein
chromatography and Hemoglobin Electrophoresis botbal HbH?3112113

Supravital staining of RBCs in these cases exhiimtusions of HbH (golf ball

inclusions)*,

[Figure 3]
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Stain — Supravital Methylene Blue staining. (1L00Xgnification)

Image taken from: Gibbons R. Alpha thalassaemiatahemetardation, X linked.

Orphanet. J. Rare. Dis. 2006; 1(1)15.

4) Hydrops fetalis 4-thalassemia Major

Deletion of all 4a-alleles

(--1-7)

The absence of all four-alleles results in normal production ¥Fglobin, which
binds to itself to form Hb Bartsy@) with a very high affinity for oxygen. This casse
tissue hypoxia and significant organ failure in thetus by preventing the release of

oxygen to the tissues. As a result, the foetus diestero and this kind ofi-

thalassemia is incompatible with k12113
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Summary ofi-thalassemia and its characteristics is givenbietd?.
Table 4: Characteristics @flpha-Thalassemfa

HEMOGLOBIN
ZYGOSITY GENOTYPE PHENOTYPE SEVERITY
ELECTROPHORESIS
Hydrops fetalis Hb Barts
Homozygous alpha (--/--)
) (80-90%) Fatal
thalassemia-1 o% o

Hb Portland (10-20%)

Heterozygous alpha .

) ) _ Chronic,

thalassemia-1 (-/- o) Hemoglobin H Birth — Hb Barts
Or o% o disease Adult — HbH

alpha thalassemia-2

moderately severs

A1

hemolytic anemial

Heterozygous alpha (--/ 0 0) - - Mild to moderate

ia_ 0
thalassemia-1 o lo Alpha Birth — Hb Barts
L thalassemia
Homozygous alpha (- a-/ 0) _ -Adult — Normal _
) minor Mild
thalassemia-2 a ot
Heterozygous alpha (- o/ o) Silent carrier
] Normal Normal
thalassemia-2 ala

Table taken from: Randolph T R. Thalassemia. Imi€al laboratory Hematology'3
edition. Shirlyn B. McKenzie, J. Lynne Williams. &eson. 2016. p.283-308.

BETA-THALASSEMIA

Most cases of this kind of thalassemia are nontidel@l and are caused by distinct
molecular abnormaliti@g3.70.9.112
Each of the two beta-globif{globin) genes is found on chromosomé&3£48
There are two classification systems used:
- Genotypic system: Six types
Based on zygosity and the degree of alteratiohef{genes.
- Phenotypic system: Four categories

Based on the severity of clinical presentdtidi?
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Nomenclaturé?112

B*- gene mutation - Partial block fachain synthesis (reduc@eglobin synthesis)

BC- gene mutation - Complete absenc@-chain synthesis

BSC - Silent carrier

Only 20 of the more than 200 mutations that hawnlfeund are responsible for the

bulk of B -thalassemia casgg'2

1) B-THALASSEMIA MAJOR

Genotype:p° p° } Homozygous
BT B’
B°B* } Double heterozygous
Pathophysiology:
Lack of-chain synthesis results in -
* Reduced HbA which compromises RBCs ability tayaxygen
» Compensatory rise in the production of other hglolains with a higher affinity
for oxygen, such as HbF and HbA2, which resulta ireduction in the amount of
oxygen delivered to peripheral tissues and tisypexia.
» Chronic hemolysis brought on by the formationredictive oxygen species and
the precipitation of too many freechains. The precipitategtchains in the bone
marrow cause a number of apoptotic pathways to dbeased, which leads to
inefficient erythropoiesis.
» Erythroid hyperplasia in relation to the severdly anaemia. As a result, the
following changes may occur:
o Expansion of bone marrow
o Thinning of calcified bone

0 Increased absorption of iron that results in i@xidity
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o Extramedullary hematopoiesis in the liver and gpleeauses
hepatosplenomegafi/**?

2) B -THALASSEMIA MINOR

Genotype:p° B } Heterozygous
BT B
Pathophysiology:
The normalB-gene controls the synthesis of adequate HbA twigeojust

enough oxygen supply to maintain RBC survival. ktelnozygousp+ state, the

thalassaemic gene also generfitebaing3112

3) B-THALASSEMIA INTERMEDIA

Genotypep® B* = Double Heterozygous Severely reduceptchain
B°B -> Heterozygous> Mild symptoms
B* B* - Homozygous
Criteria: These patients have the ability to mam&hemoglobin level that is

just right for a high quality of life without fregmtly needing blood
transfusion&>112

4) B-THALASSEMIA MINIMA
GenotypepSY p

These individuals have only mild laboratory abnalittes and no symptoms
with mild imbalance in the synthesis ratioss€hains to nonrchaing®*12

Summary oB-thalassemia and its characteristics is givenbfet&?
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Table 5: Characteristics @f-Thalassemfi

ZYGOSITY GENOTYPE| PHENOTYPE Hb A Hb A2 Hb F SEVERITY
_ Slight Moderate
Homozygous O p° Major None Severe
Increase Increase
_ Moderate|  Slight Moderate
BOp* Major Severe
Decreasg Increase Increase
Double : :
_ Slight Slight Moderate
Heterozygous RO B* Intermedia Moderate
Decreasg Increase Increase
_ Moderate|  Slight Moderate
B p* Major Severe
Decreasg Increase Increase
Homozygous _ Slight Slight Moderate
B p* Intermedia Moderate
Decreaseg Decrease| Increase
Slight Slight Slight
B°B Intermedia Moderate
Decreasg Increase Increase
Heterozygous Slight Slight Slight
B°B Minor Mild
Decreasg Increase Increase
_ Slight Slight Slight )
Heterozygous BB Minor Mild
Decreasg Increase Increase
Mild Slight Slight Slight
Homozygous pSCpSC _ _ Mild
intermedia | Decrease Increase Increase
Heterozygous BB Minima Normal Normal Normal Normal

Table taken from: Randolph T R. Thalassemia. lmi€il laboratory Hematology™®
edition. Shirlyn B. McKenzie, J. Lynne Williams. &eon. 2016. p.283-308.
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COMPLICATIONS OF THALASSEMIA
The following categories might be used to group #ffects of thalassemia

complications:

- Consequences of compensatory mechanisms for amaethalassemia

- As a result of iron overload

- As a result of treatment of iron overload (adeezffects of iron-chelating agents)
- Because of coagulation defects

- As a result of numerous blood transfusfgn&117-13%

1) Consequences of compensatory mechanisms for tmei@oé thalassem?a112-13%

Severe tissue hypoxia in thalassemia
Increased erythropoietin production

Expansion of the dyserythropoietic marrow

| | l

Calories required for Severe skeletal deformities: | Increased erythroi

==

normal growth and o Deformities of skull and precursors

development are diverted face 1
towards the developmenb Porosity in long bones - Secondary
of the RBC precursors- Pathological fractures hyperuricemia
(ineffective) - Ineffective drainage  (Gout)
Recurrent sinusitis - Severe folate
1 Middle ear infections deficiency

Poor development
Muscle wasting Extramedullary hematopoietic

Growth retardation tumors in extreme cases
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2) As a result of iron overlo&gt?13°

By following mechanisms:

0] Excess free globin chain degradation

4

Increased production of free iron

 /

Generation of free radicals
- Damage to lipids, proteins

- Transmembrane protein Band-3 assembles inside RB&precursor cells

I

Damage to immune response to new antigens

3

Destruction of RBCs and their preoussdy macrophages

4 1

Ineffective erythropoiesis Chronic Hemolytic anemia

3

Hyperbilirubinemia

 /

Gall stones

(i) Bone marrow hypertrophy

4

Increased RBC precursors

3

Decreased production of hepcidin by liver
Increased li'ron absorption from the intestine (tgpdy iron for
erythropoiesis)
1
Accumulation of iron
= Liver — Kupffer cells and parenchyma - Hepatomggal

= Spleen — Macrophages - Splenomegaly
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Skin - Pigmentation

Pituitary — Hypogonadism, Growth retardation, Adie

insufficiency

Parathyroid — Hypoparathyroidism

Thyroid — Hypothyroidism (2 most common endocrinopathy in

thalassemia major)

Myocardium — Affects conduction system, Intractatdrdiac failure

Eyes — Retinal pigmentation, Retinal toxicity,aract

Pancreas — Diabetes Mellitus
Excess iron> Stimulates production of hepcidin
-> Blocks intestinal absorption of iron

(iif) Multiple regular blood transfusions in thalassemijor

4

Excess iron from the transfused RBCs

4

Iron overload

Serum ferritin levels can be regularly measuredkéep an eye on iron
overload and aids in evaluating a patient's progndise lower the ferritin, the lower
the risk of heart failure and hypogonadism, andkatter the likelihood of survival.
T2-MRI is a reliable non-invasive approach for deti@ing the quantitative iron
overload in the heart and liver. A reliable butasive liver biopsy is only carried out

prior to a bone marrow transplant.
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3) As a result of treatment of iron-overload (adverffects of iron-chelating agents)
Chelating agents used to treat iron overload are:

o Deferoxamine (DFO) - 25-50 mg/kg/day subcutanemes 8 to 12 hours

o Deferiprone - 50-100 mg/kg/day in two or three ded oral doses

o Deferasirox - 20-40 mg / kg / day given orally, pfissed in water or

juice63,112-135

By lowering heart failure rates in thalassemiaesathe use of DFO among
them has significantly improved survival. DFO mayduce growth retardation,
rickets-like bone abnormalities, anaphylaxis, hfgbquency sensorineural hearing
loss (SNHL), reversible retinal and optic nerve dgm and a life-threatening
Yersinia infection at doses greater than 40 mgierginia enterocolitica uses DFO
as a siderophoré§112-13%

Deferiprone can result in neutropenia, agranulzgigt a rise in liver enzymes,
and arthritis in patients with significant iron olead. Deferasirox frequently causes
allergic reactions, rashes, gastrointestinal iméolee, an increase in blood
transaminases, and a rise in creatinine. Deferaxamnd deferiprone should be used
in combination for patients who do not respond tonotherapy at its highest
dosagg® 112135

4) Because of coagulation defects

Some thalassemia patients have a hypercoagulttte particularly those who
have had splenectomy surgery or have high platelents. A thrombo-embolic event
is more likely to occur in these people. This isiladited to the procoagulant impact of
red blood cells with thalassemia (increased surfamespholipids), which accelerate

thrombin production. Deep vein thrombosis (DVT), rtpb vein thrombosis,
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pulmonary thrombo-embolism (PTE), silent strokeg dol reduced blood supply to
the brain causing infarctions may occur.

5) As a result of numerous blood transfusions

Blood transfusion complications can be categorasedcute (beginning within
24 hours after stopping the transfusion) and delgpaset more than 24 hours after
stopping the transfusion). Additionally, they migi¢ categorised as immunologic
and non-immunologf@12-13¢
The complications are listed in Tabl& 82136

Table 6: Transfusion Complicatioh&*36

ACUTE DELAYED
NON- NON-
IMMUNOLOGIC IMMUNOLOGIC
IMMUNOLOGIC IMMUNOLOGIC
- Acute Hemolytic Infectious diseases
Transfusion transmission
Reaction (AHTR) - Malaria
_ _ Volume overload

- Allergic reaction - Delayed - Human

- Febrile Non- _ o Hemolytic Immunodeficiency
_ Citrate toxicity ] _
hemolytic Transfusion Virus (HIV)
Transfusion ) Reaction - Hepatitis C Virus
) Hypothermia )

Reaction (FNHTR) - Post-transfusion (HCV)

- Transfusion _ purpura - Cytomegalovirus
Hypocalcaemia

Related Acute (CMV)
Lung Injury - Hepatitis B virus
(TRALI) antigen (HBsAQ)

The summary of complications both common and ifpeto transfusion
dependent thalassemia (TDT) and non-transfusioerdignt thalassemia (NTDT) has

been listed in table numbef3#37-138
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Table 7: Complications of Thalassehifat8

TDT NTDT COMMON TO BOTH

Hypogonadism

Ineffective erythropoiesis o
Hypothyroidism

Thrombosis — DVT, Leg ulcers,

Pituitary dysfunction Skeletal abnormalities,

PTE, Pulmonary hypertension,

Hypoparathyroidism . fractures
Diabetes mellitus silent strokes
Acute hemolytic episodes Hepatosplenomegaly
Right heart failure Growth retardation
Cardiac siderosis Gall stones Iron overload
arrhythmias, heart i : , . .
(arrhy Infections Liver fibrosis, cirrhosis
failure)

Folic acid deficiency Hepatocellular carcinoma

DIAGNOSIS OF THALASSEMIA
- History: Individual history, Family history, Ethriig®382112

- Physical Examinatidii®2112

Signs Causes

Pallor Anemia

Jaundice Hemolysis

Splenomegaly Sequestration of abnormal
RBCs

Extramedullary
hematopoiesis,
Excessive extravascular

Hemolysis
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Chipmunk facies Enlargement of the maxillcaused

by bone marrow expansion
- Laboratory investigatiori$82112

The approach to diagnosis of thalassemia syndrdrag$deen given in the flow chart

belowt!2

Race
Family History

History Age of onset
Development

Pallor
Jaundice
Splenomegaly
Skeletal deformity
Pigmentation

Clinical Examination

—

HbA2 & HbF Estimation —_— To confirm B thalassemia

Flow chart taken from: Weatherall D J. The Thalasas: Disorders of Globin
Synthesis. In: Williams Hematology."9edition. Kenneth Kaushansky, Josef T.
Prchal, Oliver W. Press, Marshall A. Lichtman, Martevi, Linda J. Burns, Michael

A. Caligiuri. Mc Graw Hill Education. 2016. p. 7288.
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Laboratory features in thalassenirad?3°
1) Complete Blood Count (CBC)

Decreased or
RBC Count
Normal

Hemoglobin (Hb)

Hematocrit (Hct)

RBC Indices

- Mean corpuscular volume (MCV)
Decreased .

- Mean corpuscular hemoglobin (MCH)

- Mean corpuscular hemoglobin concentration (MCHC)
Increased Reticulocyte Count

RBC Distribution Width (RDW)

Neutrophilia and thrombocytosis may occur.

2) Peripheral Blood Smear (PBSY'*Figure 4 & 5]
Microcytic Hypochromic RBCs
Anisopoikilocytosis — Presence of target cells, leated RBCs (nRBCs) and
polychromatophils
Basophilic stippling

NRBCs may be dysplastic or show abnormal hemogirdtion.
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Figure 4: Peripheral blood film showing microcytitypochromic RBCs and
basophilic stipplinf°.

[Stain: Leishman'’s stain, 400x magnification] (setbshowing basophilic stippling)

~
o

Image taken from: Barth D, Hirschmann J V. Anemia. Wintrobe's Atlas of

Clinical Hematology. First edition. Douglas C. Tka&, Jan V. Hirschmann, editors.

Lippincott Williams & Wilkins. 2007. p.18
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Figure 5: Peripheral blood smear of beta-thalassenaijot*
Shows many nucleated RBCs, microcytic hypochromiBCR with multiple

morphologic changes: target cells, teardrop cgiments, basophilic stippling, and

pappenheimer bodies.

[Stain: Leishman’s stain, 400x magnification]

Image taken from: Barth D, Hirschmann J V. Anemia. Wintrobe's Atlas of

Clinical Hematology. First edition. Douglas C. Tka&, Jan V. Hirschmann, editors.

Lippincott Williams & Wilkins. 2007. p.15.

3) Bone Marrow (BM) [Figure 6 & 7}*°
Erythroid hyperplasia

Raised Prussian Blue staining in marrow @aiigon stores)
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Figure 6: Bone marrow aspirate (BMA) - Increasedmhbars of erythroid
precursor¥?

[Stain: Leishman'’s stain, 100x magnification] (setbshowing erythroid island)

Sl

Image taken from: Barth D, Hirschmann J V. Aneni&. Wintrobe's Atlas of
Clinical Hematology. First edition. Douglas C. Tka&, Jan V. Hirschmann, editors.

Lippincott Williams & Wilkins. 2007. p.18
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Figure 7: Bone marrow trephine showing increasednbers of erythroid
precursor¥?

[Stain: H&E, 100x magnification]

Image taken from: Barth D, Hirschmann J V. Anemii& Wintrobe's Atlas of

Clinical Hematology. First edition. Douglas C. Tka&, Jan V. Hirschmann, editors.
Lippincott Williams & Wilkins. 2007. p.18
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4) Biochemistry

Bilirubin
Raised Serum Iron

Serum Ferritin

Total Iron Binding Capacity (TIBC)
Decreased )
Haptoglobin

Investigations for quantification, typing & strucalianalysis of hemoglobin:

1) Hemoglobin Electrophoresis (HBE)

2) Capillary Zone Electrophoresis (CZE)

3) High Performance Liquid Chromatography (HPL2&3®112.114
Hb electrophoresis is less precise at quantifyiagdglobin A2 (HbA2) than HPLC,
which is an automated method of identifying andasefing variant hemoglobins.
HPLC can extract HbA2 from some hemoglobins, whieimoglobin electrophoresis
cannot dé'2'#?[Figure 8].
Figure 8: High-Performance Liquid Chromatographyl€) Sample Demonstrating

Increased Hemoglobin A2 (Arrow) In A Case of Betaalssemia Trdit?

20.0+
17.54
15.0
1251
10.0-5
7.5
5.0
2530

% HbA2

OKH'1””2I '3',”4 '5”'6
Time (min.)

Image taken from: Weatherall D J. The Thalassenl&sorders of Globin Synthesis.
In: Williams Hematology. 9 edition. Kenneth Kaushansky, Josef T. Prchal, éliv
W. Press, Marshall A. Lichtman, Marcel Levi, LindaBurns, Michael A. Caligiuri.

Mc Graw Hill Education. 2016. p. 725-58.
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Figure 9: Hb Electrophoresis Machine

Summary of laboratory diagnosis of thalassemiaviergin Table &,
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Table 8: Laboratory Diagnosis of Thalasseltiia

SCREENING TESTS

LOW HIGH
HB
CBC _
HEMATOCRIT RETIC (slight or moderate)
RBC INDICES

Microcytic hypochromic cells
Varying degrees of anisopoikilocytosis
PBS RBC inclusions
Abnormal RBC morphologies

Presence of nucleated RBCs

IRON STUDIES S. FERRITIN S. IRON

(To rule out iron _
Normal to moderately raised

deficiency)
PRESUMPTIVE DIAGNOSIS
SUPRAVITAL STAINING Alpha-thalassemia: Hb H inclusions
HEMOGLOBIN Quantify and classify ¢ ‘ thal a basety
uantify and classi es of thalassemia base
FRACTION _ P pes
of hemoglobin — HbA, HbA2, HbF, Hb Barts or other
QUANTIFICATION (HbE,
mutants
CZE, HPLC)

DEFINITIVE DIAGNOSIS

MOLECULAR GENETIC TESTS
Indications:
- Prenatal diagnosis
- Preconception risk assessment
- Carrier detection in couples

- Diagnosis of rare or complex mutations.

Beta-thalassemia: 280 mutations in HBB
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Initial DNA sequence analysis
OR
PCR-based screen for four to six most common nautsiti
(If specific ethnic group known)

4

If Negative

Deletion/duplication analysis

MLPA (multiplex ligation-dependent probe amplifiwat)

Gene-targeted microarray analysis

Alpha-thalassemia: 110 mutations in HBA1 and/or E2BA

Initial targeted deletional analysis for five maesinmon deletions

3

If Negative

4

DNA sequence analysis

4

If Negative

4

Deletion/duplication analysis

MLPA (multiplex ligation-dependent probe amplifiwat)

Gene-targeted microarray analysis

Table taken from: Management of Thalassemia Mdjaidelines For Management
of Thalassemia and Sickle Cell Disease. In: NHM delines for Prevention of

Hemoglobinopathies in India. 2016. p.73-82.
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THERAPY

In cases of thalassemia major, the sole curativiborops bone marrow
transplantation (BMT), specifically “hematopoietstem cell transplant” (HSCT).
However, due to the expense, the scarcity of BMitres, and the lack of a good
HLA (human leukocyte antigensnatched donor, this can only benefit a small
number of patienfd 63112

In order to remove the significant iron overloadised by the numerous blood
transfusions, the mainstay of treatment is a sdeedfiroutine blood transfusions
followed by carefully controlled iron chelation thpy. As a result, it is a transfusion-
dependent illness that has a significant negatiygact on healthcate

Treatment modalities in thalassemia include thiefahg?3. 77112144

Regular blood transfusions

- Iron chelation therapy to prevent iron overload

- Splenectomy

- Prevention and treatment of infections

- Marrow transplantation in special cases (stemtrahisplantation)

- General care

() Role of regular blood transfusions in thalassemia —

Patients with3-thalassemia who maintain hemoglobin levels betw&8rand
14.0 g/dL experience normal growth and developm&atong as it does not impede
the child's normal developmental progress, presfteion hemoglobin levels can be
kept lower than 9.5 g/dl. To prevent wasteful tfas®ns in situations of intermedia,
which are frequently mistaken as major, a thoroughsfusion regimen must only be

started with severely low hemoglobin readings. mheber of transfusions required
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varies from every 2-4 weeks based on the child's, ageight, and other
Variab|e§,63,77,79,102,112,144—1_46

Prior to storage, all Packed Red Blood Cells (PRBGre
leucodeplete?}83112.147.148|n cases when it is impractical, bedside filmatimay be
utilised. Red blood cells that have been packed amedideally no older than two
weeks should be used in transfustéhs™® Blood must be required to be screened for
syphilis, malaria, HIV, hepatitis B, and hepati@s Despite being optional, nucleic
acid testing (NAT) is advised to reduce the riskimfiections being transmitted
through blood transfusions, particularly in pregnammen and patients who are
anticipated to get a progenitor cell transplanpi€slly, leucodepleted blood products
are CMV-freé3’95'112'144'15.°

Irradiated blood products should only be used mangfusions for
immunocompromised patients or those who may haypeogenitor cell transplant
planned in the near future. Unless the recipiestdxperienced an urticarial reaction
or any transfusion reaction that could be prevemedvashed units, saline-washed
red cells are not necess&ify 112:144.149-153

Packed Red Blood Cell (PRBC) requirements are rohted by the

form U|a63’112'144' 154-157

PRBC in millilitres (ml) &bd - Hbc) X (3 / HCT) X (W)

where,
Hbd - Desired hemoglobin
Hbc - Current hemoglobin
3 - Transfusion factor
HCT - Hematocrit of transfused red cells

Wt - weight of the patient in kilograms
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Usual dose — 15 mi/kg body weight
Rate of transfusion — 5 ml/kg/hr.

Transporting blood units in controlled, insulatedates that keep their
temperature betwee@ and 8C is preferred. Hb increases by 1 g/dl when 3.%gnl/
of PRBCs with a 60% Hct are transfused. A smalupa of packed red blood cells is
transfused at a rate of 2 ml/kg per hour with closmitoring in cases of congestive
heart failure or a hemoglobin level below 5 g/ditHe transfused volume is larger
than 20 ml/kg, diuretics should be taken into coasitiory3112:144

Hemovigilance is a term used to describe a setiofedllance procedures that
cover the entire transfusion chain, from the caidecof blood and its components to
the monitoring of its recipients. These procedaesdesigned to gather data on any
unexpected or unfavourable effects that may arism the therapeutic use of labile
blood products and to help prevent their occurreand recurrence. The main

objective of this is to increase the safety of bloé@nsfusions:83.112.144.153,158,159

(1 Role of iron chelation therapy —

One ml of PRBC contains 1.16 mg of iron, i.e., oné of PRBC contains 200
to 250 mg of irof*93:112,160-166

Iron overload, which ultimately results in cardia@erosis, is the most
prevalent cause of mortality in thalassemia pagierto require transfusions. This can
be avoided by beginning iron chelation therapyy&&#t:112.164.165

To determine iron overload, ferritin is employed as indication. Chelation
therapy should be started when the serum ferriéivell is greater than 1000

microgram per decilitre (mcg/dL), which typicallcaurs after the #2transfusion.
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Maintaining a S. Ferritin level of fewer than 1500ncg/L is the
targe§,63,76,79,112,144,146,160-1_66

Deferoxamine (Desferrioxamine), given subcutangotisr 8 to 12 hours
along the anterior abdominal wall by an infusiormpy was the first iron-chelator
with a long-term benefit that had been establishedaddition to 100-200 mg of
vitamin C (depending on age) administered orallyhatbeginning of chelation, it is
started at a dose of 20 mg/kg for 5 dfd{j$548:63,76.81,112,144,158-166

In situations where there are endocrine or cardiaues from iron excess,
continuous intravenous infusion utilising an ingavus (IV) delivery system is
beneficial. The infusion can be made without thisdination's negative side effects
by including 5 to 10 mg of hydrocortisone. Althougdtal erythema and nodule
formation are the most often reported adverse efigicdeferoxamine, concerns about
neurosensory and ocular toxicity are not insigaifi justifying the necessity for
biannual audiometric and ophthalmologic examinaftofy:112144.160-166

It has been established that Deferoxamine is mareessful in chelating iron
than oral chelating medications like Deferiproner(fprox, L1) and Deferasirox. Due
to its capacity to cross membranes, deferiprone rfitkg TID) is used with
deferoxamine to remove cardiac iron most effecgiv@eferiprone's harmful side
effect of agranulocytosis has made it necessargstonate white cell counts on a
weekly basis. Deferasirox's applications, poterary] adverse effects are still being
investigate60,63,66,83,112,144,160-1§6

In transfusion-dependent thalassemia, evaluatiorcastliac functions and

mapping of both hepatic and myocardial iron arkighest importandé?144.160-166
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(I Role of splenectomy in thalassemia
The following situations call for splenectomy irathssemia patients:

0 Hypersplenism — Hypersplenism is the removal obbleells too quickly and
prematurely by an overactive spleen. Thrombocyt@pemd neutropenia can
complicate these cases by causing bleeding andreetubacterial infections
respectively. The incidence of hypersplenism candbereased by maintaining
high hemoglobin levefd83:112.144,165-168

o Splenomegaly with abdominal pain or massive splegaty with impending
rupture:83.112.144

o Patients who receive effective chelation therapy #till have elevated iron
storage. The amount of post-transfusional iron iluadis decreased by
splenectom§?83.112.144

0 An increase in the amount of blood needed each wsama result of the
development of alloantibodies, recurring infectiorsnd variations in the
hematocrit values of transfused blood fi$§112.144.165-169
Surgeries done include:

- Partial splenectomy to preserve some splenic imnfumetion

- Total splenectomy

- Splenic embolization - Less invasive approach taluce the size of
Sp|eeﬁ3,83,112,144,165-1§9
Splenectomy is not indicated in children less tfapears of age due to an

increased risk of sepsis below this age. Pneumatoe®ningococcal, and influenza

(type B) vaccinations are given two weeks before shrgery, and post-operative

prophylactic penicillin is also given (per oréf)44:165-169
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(IV)  Prevention and treatment of infections in thalasaem

Annual testing is required for viral illnesses funegtly spread through
transfusions. These include HIV, CMV, Hepatitis &\d Hepatitis B. Appendicitis
must be distinguished from Yersinia enterocolificiction. Gram negative bacteria
like E. coli, Klebsiella, and Pseudomonas aerugincan cause life-threatening
infections in asplenic patients. Streptococcus praruae (the most frequent),
Hemophilus influenzae, and Neisseria meningitididedtions can cause post-
splenectomy septicaemia. There are also a few texpaases of post-splenectomy
fulminant hemolytic febrile syndrome caused by Badéprotozoariy95112:144-150,165-
169.

Patients must have a thorough understanding adidease, its complications,

and the benefits and drawbacks of all currentneat options.

(V)  Role of stem cell transplantation —

When a person has homozygous beta-thalassemia majeevere HbE-

thalassemia, bone marrow transplantation is adtig&2144

The hazards of a patient receiving bone marrowtemscells from a healthy
HLA-identical sister as a donor are determinedHrge factor&83.99.112.144

- Hepatomegaly

- lrregular iron chelation

- Portal fibrosis
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On this basis, the patients can be classifiedthmee classé&*'°(Table 9) -

Table 9: Classification of Patients for Stem CéleTapy*+17°

SURVIVAL DISEASE FREE | MORTALITY | REJECTION
CLASS RATE SURVIVAL RATE RATE RATE
I
LOW RISK
Adequate iron chelation
with absence of other 4% S1% o% %
factors
I
INTERMEDIATE
Two out of three positive 84% 81% 15% 4%
factors
1
HIGH
80% 56% 18% 33%

All three factors present

The overall survival rate and the disease-freevigair rate in all patients

receiving stem cell transplants have increased ifgigntly with the use of

immunosuppressive medications and alkylating agerfsr

“conditioning,"

medications such as busulfan, cyclophosphamidehatrekate, and cyclosporin are

administered prophylactically. However, it is agdshat only those individuals who

have sustained the

least amount of organ damagesrgmdbone marrow

transplantatiofp12:144.171-176

After-effects of Bone Marrow Transplantation:

- Reduction of severe iron overload - Stem celhgmantation, routine blood

draws (phlebotomy), and iron chelation for thetfitwo years following the

transplant can all help to lessen the iron ladatest
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- Inability to reach puberty was discovered in salvetudies, particularly in class
Il instanceg*+170-179
Tried and failed donors for Bone marrow transplant:
- Mismatched family member (sibling, parents, relesiv
- Parental purified haploidentical CD34+ transplantat
Nonmyeloablative transplantation had greater tigjec rates but low
mortality. Thalassemia relapse can be avoided bitiadal infusions of lymphocytes
from the same don@f}®4144.170-183
Studies on transplantation using "Matched UnrdlatBonors" have
demonstrated a good prognosis and outcome for npatieith thalassemia. In
comparison to BM transplantation, other researcltand blood transplantation have
produced satisfactory but slower haematologicalbvery outcomes. Instead of
waiting until the siblings are older and able teegtheir agreement for the surgery,
the cord blood collected from siblings of the patse enables the retrieval of an
adequate amount of stem cells at the moment o$itiieg's birth. Thus, aside from
class Il patients who continue to reject the sistls, stem cell transplantation is
currently the only treatment that can "cure" thsdmsia. To solve this problem,
modified conditioning programmes are availdplé?144170-183
General care for thalassemia —

Patients with thalassemia need high-level card¢hferest of their lives. This includes:

- Early infection detection and treatment
- Folate supplementation
- Care for chronic infections brought on by crangnormalities, routine dental

exams, and follow-up visits with suggested bloashs$fusion schedules
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- Pre-transfusion, transfusion, and post-transfusare
- Regular testing and monitoring of serum ferrigwels
- Early initiation of iron chelation therapy witimgoing evaluation of the drug's serum
levels and side effects
- Symptomatic care for consequences such heamrdailendocrine issues, and
metabolic bone diseases
- Annual serological tests for viral infections thare spread through the blood
transfusioﬁ3*83'112'144'18°'1§5
EXPERIMENTAL APPROACHES
(1) Reactivation/Augmentation of fetal hemoglolitbfF) production
(2) Somatic gene therajy-144.180-188

Numerous studies have been carried out in lightheffinding that, whether
taken alone or in combination, butyrate analogues erythropoietin (EPO) may
cause an increase in foetal hemoglobin synthesieenAsodium phenylbutyrate and
hydroxyurea were administered in combination orrbygurea was used alone, HbF
production increased in various cases of hemoglol@pore (Hb Lepore)
[homozygous or compound heterozygous] and mutatwitis deletion of3-globin
gene ClustérB,51,88,93,94,104,189—192

In NTDT, hydroxyurea (HU) raises HbF and improvalsoratory measures.
Antimetabolites, however, are only occasionally duse TDT. Thalidomide (an
immunomodulator) in conjunction with HU and Luspagpt (an erythroid
maturation agent) have been proven to significamdguce the need for blood
transfusions and associated consequences along redirction in serum ferritin
levels. Both medications have been tested andoapgrfor use in3-TDT with

instructions for careful monitoring of any negatisigle effects. Patients on these
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drugs achieve transfusion independency and seenaitatain their response for long
periods of tim@?112.144.172-197
In addition to medications, genes are being tadyéd alter HbF production.

Somatic gene therapy correcfisglobin gene transcripts by using trans-splicing

ribozymes to restore normal splicing and retrovesuias vectors to deliver genes into

hematopoietic stem cetfg197

In addition, special types of thalassemia requpecsic treatment protocols. For

example,

- Treatment of HbH disease — Splenectomy in sevesescwith extreme anemia
and splenomegaly.

- Patients with sickle cell thalassemia receive traescare as those with sickle cell
anaemia.

- Thalassemia intermedia - It is crucial to closeidw these patients, especially if
it appears that their hemoglobin level is stablewkver, a regular transfusion
schedule must be followed in cases with growthrdetiion and when anaemia
symptoms interfere with everyday activities. In rerte circumstances or if
hypersplenism manifests, a splenectomy is requDes to the increased risk of
iron loading in intermedia patients from gastrogtitgal iron absorption (3 to 5 mg
per day), it is crucial to monitor blood iron argtritin levels often, as well as to
receive a proper and sufficient chelation theralpgn supplements are not

recommended in these cases since they could ircheslsabsorption by up to 10

mg per da?8’63’83’93’112’144'170-1.97
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PROGNOSIS
The survival rate and prognosis of patients witddassemia have significantly

improved over time with sufficient blood transfusjaechelation therapy, general care,
and monitoring of ferritin levels. Thalassemia t#l & global health issue and a
financial burden, despite the fact that there dreng facilities for its care and
treatment. Some cases have been demonstrated éoahpwor prognosis and early
mortality. Poor prognostic factors include lack foflow-up, non-compliance with
chelation therapy and transfusion regimens, lowiogmonomic status, and lack
of awareness of the conditf5r!2
PREVENTION
Screening can be divided into two groups on théshEsxpected outcomes-
» Screening for early detection of Thalassemia (ahdi severe TI) and Sickle Cell
Disease to achieve reduction in mortality and nubtpiwith improvement in quality
of life of the affected.
» Screening for detection of carriers of -Thalassefirait and Sickle Cell Trait to
reduce birth of children affected with Thalasseoni&ickle Cell Disease. Two ways
are known to help prevent thalassemia:
- Genetic counselling - Marriage counselling and pajien screening for disease

carriers
- Prenatal diagnosis —

The pre-requisites of prenatal sampling include:

» Thalassemia carrier status of the couple undessiigation.

» The mother's blood type to prevent Rh incompétyf it exists.

» Pre-test counselling and the couple's fully infed signed conseft

65,83,93,112,144,145
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For prenatal diagnosis, there are three foetal Eataphniques available:
1. Chorionic Villous Sampling (CVS) - Conductedweén 10 and 12 weeks (first
trimester of pregnancy).
2. Amniocentesis - Executed after 16 weeks of giestan late-arriving patients
or when the foetal position makes it impossibleddect the chorionic villi for
sampling.
3. Fetal blood sampling: Blood is taken from theadtée vein, the heart, or by
cordocentesis at 18 to 20 weeks of gestation. EEMA analysis or HPLC are
used to process the sanmpie93112,144,198,199
Mothers are screened during the first prenatat, \tis¢ father is screened if the
mothers are carriers, and various options are stgge including pregnancy
termination, if both parents are carriers, whictr@ases the risk that the unborn child
will have severe transfusion-dependent thalassefifg 19819
Quick DNA sequencing technology allows for the diredetection of
mutations in the DNA of the foetus and memberst®ffamily, providing a rapid
diagnosis with the lowest error rate ever recordedal DNA is also being extracted
from maternal blood and plasma in an effort to dasg thalassemias before
implantatior{®8-203
Prenatal diagnosis has several limitations becawsdest is perfect (2%
reported mistakes). Pregnancy termination in casken a child is affected is
stressful for the mother and may be unethical faanyn individuals. Post-test
counselling is crucial for assisting the couplenavigating the emotional strain

caused by their bond to their unborn chifcf®
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ALLOIMMUNIZATION

Alloimmunization is the immune response to non-gelfigens following
exposure to genetically distinct cells or tiss6é%721%° RBCs have a variety of
antigens on their surface, and each person hadferedi distribution of these
antigens. Before every blood transfusion, only A8#O and Rh D antigens are
typically evaluated. Any RBC surface antigen from danor can cause an
immunological reaction in the receiver. This difflece may lead to alloimmunization,
especially in those who have received numerousuéegblood transfusions. These
allo-antibodies do not, however, develop againsbaklny of the RBC antigens in
every person. Individual differences also existhiow these antibodies affect a
person's body and how long it takes for an immaseanse to manifes{:72.204-208

Patients with thalassemia who require many bloadstiusions over the course
of their lifespan frequently develop alloimmunizati Immunosuppressive drug
therapy must be started in these patients becdutes @womplications these newly
produced antibodies can cause. These antibodiegittaar be of the non-hemolytic
type (more prevalent) or the hemolytic KifRF:2

A complex outstretched phenotype analysis of aeptiti RBC surface antigens
can help identify the antigen against which thellhood of developing an antibody
would be greatest; for example, a higher alloimmatibn rate can be predicted if
blood is matched only for a small subset of antigesind a lower rate can be
anticipated if a large antigen panel is testedniatch. The variability between donor
and recipient RBC antigens should be as low asilpe¥s36:72200-213

According to one theory, alloimmunization is a abéle indicator of whether

HLA alloimmunization may result in harmful clinicaffect£%°-213
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The following factors are known to contribute te tthevelopment of allo-antibodies
in thalassemia:

» Disparity between the blood group systems: The ldpwmeent of allo-antibodies
may be explained by the existence of 35 blood giEygtems and more than 330
distinct RBC surface antigens, each of which hasigue distribution pattern in
every individuai®?% In a study of 319 thalassemia patients receixdngine blood
transfusions, Hari Krishan Dhawan et al. (2014¢aN®red that alloimmunization
prevalence was 5.64%. Their study mandated theireggant for RBC antigen
typing prior to the first transfusion and the psign of antigen-matched blood to
the recipient&.

* Immune status of the patient: Patients with infeeti or other immunomodulating
diseases may experience more problems becausdéowhralinization (increased
allo-sensitisation). Additionally, the level of @immunization differs from person
to person. Despite numerous transfusions from reiffiedonors, some persons still
fail to build allo-antibodies; nevertheless, when transfused, some people swiftly
develop immunity to their least common anti§€X'® Rubiraida Molina-Aguilar
et al. (2020) revealed how alloimmunization may dssociated with immune
system imbalances. Randomized antibody screeniniprpeed in 1,434 multi-
transfused patients using agglutination technidqueved a low CD4/CDS8 ratio in
alloimmunized patients along with increased B lympftie count, and lack of
regulatory cells in these patiefis A study by Mohammad Taher Hojari et al.
(2014) concluded that alloimmunization shortens tliespan of circulating
erythrocytes and that identifying RBC phenotypes ymaelp reduce
alloimmunization rates. They suggested that DNAhmebtogy can help read a

patient's blood group profile and solve agglutimtproblems even though the use
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of molecular methods with leukocytes may be unbédiadue to contamination of
the donor WBC with those of the patiifs

Ethnicity: Different ethnic groups have varying degs of inflammatory
immunological responses, which contribute to thevettgoment of allo-
antibodied!®??1 African Americans, who are already known to havereater
incidence of several inflammatory disorders, aretipaarly observed to have
higher rates of this. Increased levels of inflanomatcytokines and other
stimulatory molecules (such CD80 & CD86) are présethis ethnic group due to
a combination of environmental, social, culturaid @conomic variablés 2?1 The
presence of immunomodulatory genes that favoursyimthesis of molecules like
cytotoxic T-lymphocyte-associated antigen-4 (CTLAafhd programmed death-1
(PD1) that support a greater immune response nsaypddy a rolgH72:83.215-221

Type of thalassemia: More in thalassemia majorirggumultiple units and higher
frequency of blood transfusion than any other typeva Z. Al-Riyami et al.
(2019) studied patients with non-transfusion depehdhalassemia intermedia
cases who were more likely to develop alloimmumniratA total of 17 articles
were reviewed by them. Alloimmunization rates wkrend to range from 2.87%
to 30% in TDT patients and 6.8% to 19.5% in NTDTigras. The most common
antibodies were seen to be against RBC surfacgearstiK and E. Age at the start
of transfusion therapy, gender, history of spleost the number and type of
transfused blood units were all seen to be cortiityifactor$?2

Race of both the donor and the recipient: A highate and level of
alloimmunization have been observed in thalassemaipients who are of a
different race from the donor in a small numberstfdies. For instance, Asians

receiving white blood have a larger risk of devaigpallo-antibodies than Asians
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receiving blood from their own ethnicity (homogdtycof red cell antigens)
21,33,36,100,149,22_3

Gender: Previous literature has shown the ratdlafranunization to be higher in
females than in mal&¥-224.225

Type of blood component transfused: Due to chamgasmmunogenicity, using
leucodepleted blood for transfusions has been dstraied to lower the rate of
alloimmunizatiod®. Anuja P. Premawardana et al. (2019) examinecerdifit
forms of thalassemia and assessed the criteriaeatmient and the success of
ongoing prevention efforts in 1774 patients at #8eent sites. They concluded
that providing designated staff and adequate resswvould improve the quality
of care and help manage patients in multiple sovats??”.

Age of start of transfusion therapy: According tdudses, the rate of
alloimmunization is lower if the transfusion theyaig initiated earlier. Infants in
particular, who are younger age groups, do notldpvallo-antibodies to antigens
found on blood celf. The rate of alloimmunization can be delayed areased
by this type of acquired immunological tolerancette RBC allo-antigeR&. Arwa
Z. Al-Riyami et al. (2018) conducted a retrospeetikeview and found the
association between alloimmunization and patiegés and the dose of transfusion
units,

Total number and extent of transfusions: The Ih@dd of developing allo-
antibodies against donor RBC antigens increases mdod transfusion volume
and frequency. A study done by Nrages Obaidi ef28l11) found no association
between the number of transfused units and alloadyi production in patients

with thalassemia, but that it nevertheless playsngportant role in alloantibody

Page 52



Review Of Literature

production in patients who have received multipigod transfusions over a long
period of timé&*.

Splenectomy status: Patients who have had splengct@mve a higher rate of
alloimmunization than patients who have not. Thés de related to the RBC
membrane's altered shape, which intensifies andife@sthe immunomodulation
and raises the risk of allosensitization in splémmized individual&23%:232

Absolute number of antigens per RBC and immunoggnaf the antigen: The
dose of the antigen in the blood group varies itions per one RBC. Only a few
of them are known to cause the production of adiié® (immunogenicity$°.
Sumita Mahapatra et al (2019) investigated thedemte, type, and frequency of
RBC alloantibodies in 816 patients with thalasseanid sickle cell anemia. They
found that multiple transfused individuals need¢ophenotyped before transfusion
in thalassemia patiertS. Aveen M. Raouf Abdulgader et al. (2020) examitieel
prevalence of alloimmunization in 204 multiple-tséused mainline thalassemia
patients in Iraq. They used the gel map method doetate the erythrocyte
phenotype of ABO/RhD antigens and performed irregudntibody screen to
identify these antibodies. Their study signifiese timportance of matching
erythrocytes to the Rhesus and Kell lineages tovgmte the development of
alloantibodie$™.

Co-existence of autoantibodies in the recipientegRancy or a prior blood
transfusion with an unmatched blood type may béléme. This can delay the
acquisition of compatible blood, the initiation wansfusion therapy, and reduce
red cell survival following the transfusion. It catso exacerbate and speed up the
effects of allo-antibodies and interfere with thesults of pre-transfusion

compatibility testing*%. Anjali Handa et al. (2020) performed periodicestiing
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for red blood cell antibodies at specific time mtds post-transfusion in 100
multiple transfused individuals and concluded it®ecessity to prevent

alloimmunization in these patieftd

TESTING PRESENCE OF ALLO-ANTIBODIES:
An immunological laboratory test known as the Cbentest or Antiglobulin
test is used to do this. Either a direct or inditechnique can be used to identify the

presence of antibodies to RBC surface antigféns

Principle of coomb’s test (Figure 10) —

- Direct coomb’s test: This test is used to find lamdiies that are firmly bound
to antigens on the surface of red blood cells. @pagsate the recipient's RBCs, the
blood sample that was obtained is washed with ealikdditionally, this aids in
removing additional unbound antibodies from theiqras blood that can skew test
results. The bound antibodies are then identifigdadding Coomb's Anti-human
Globulin (AHG) monospecific reagent to identify addaracterise the antibody type,
or Coomb's Anti-human Globulin (AHG) polyspecifieagent to identify both IgG
and/or Complement G%-240

- Indirect coomb’s test: By removing the native RE@sn the blood sample, it
is possible to identify the unbound antibodies &t associated to the RBC surface
in the patient's serum. Next, recognised antigem&ign RBCs are incubated with the
isolated serum sample. The incidence of agglutnatafter adding the Coomb's

antiglobulin (AHG) reagent denotes a positive rgdtf*°

Page 54



Review Of Literature

Figure 10: Coomb’s Test®’
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Image taken from: Direct and indirect antiglobul{€oombs) testing [Online]
Retrieved on 20-12-2022. From:

https://www.uptodate.com/contents/image?imageKeyWHEH2F100639

The patient's welfare should always come first mieying to prevent
alloimmunization. But making sure that the donod aecipient are a perfect match
takes time and money. Cost-benefit analysis recamseroviding "Partial Better
Matching" (PBM), where the antigens frequently d@agslloimmunization are
carefully examined. This is because the majorityaibimmunizations are non-

hemolytic in nature. The antigens Rh, Cc, Ee, K, Bnd Jk are among

the”f‘47’220’225’241’242
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The danger of alloimmunization should be decreatiegbretically by using
leucodepleted blood in addition to PBM. To dete@lagled alloimmunization
reactions, recipients must be closely monitoredieRe getting multiple and frequent

transfusions should be rigorously monitored anctatid about their conditiétt-242

DIRECT COOMB’S TEST [DIRECT ANTI-GLOBULIN TEST (DAT )]
USE:
To demonstrate the coating/sensitisation of RBCsgivno with immune antibodies

[immunoglobulin G (IgG)] of the complemeént?48

PRINCIPLE:

Anti-human globulin (AHG) reagent, which binds tbe Ig G antibodies
present on the RBC surface, is added to a samplentibody-coated RBCs to
determine the presence of agglutinatf§i*0-243-248
AHG reagents are used to directly screen washedsRRBItn a patient or a donor to
look for cell sensitization brought on by bloodnséusions or even hemolysis brought
on by incompatibility and mismatched organ transisfa®240.243-248
It can be done simultaneously, although it is tgflyc done initially with only
polyspecific reagents and then repeated with maep reagents in case of a

positive polyspecific DA$36-240.243-248

SAMPLE:
4 to 7 ml of patient’s blood ikthylenediamine tetraacetic acEDTA tube (lavender
top)] is preferred. EDTA is used to chelate serahciaom to prevent in-vitro fixation

of complement factor C3 that would otherwise lead falsely negative restit.
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REAGENTS, EQUIPMENTS AND SUPPLIES:
- 12 x 75 mm tubes

- Polyspecific AHG

- Monospecific AHG

- Dispo pipettes

- Anti-IgG

- Anti-C3

- Inedible marking pens
- Isotonic saline

- Coomb’s control cells
- Serofuge

- Lighted agglutination viewét*

PROCEDURE36-240:243-247

Wash the patient’'s RBCs 3-6 times with normal galin

!

Decant the supernatant saline from the last wash

!

Make 5% suspension of washed red cells

!

Add one drop of 5% washed cells to a labelled tube

!

Add one drop of AHG reagent

!

Mix well and centrifuge at 1000 RPM x 1 min

!

Note the results as per the reaction grading chart
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Table 10: Reactions Grading Crat{Refer to Figure 11]

REACTIONS | PATTERN

4+ Agglutinated RBCs form a band at the top of thedb@aumn

3+ Most agglutinated RBCs are retained or trappechénupper half of the
bead column

2+ Agglutinated RBCs are observed throughout the lengft the bead
column

A small button of cell may be visible at the bottofithe bead column

1+ Most agglutinated RBCs are retained or trappechénlower half of the
bead column

A small button of cell may be visible at the bottofrthe bead column

0.5+ Most agglutinated RBCs pass through and form augisd button at th

D

bottom of the bead column

0 All RBCs pass through and form a smooth buttonhat liottom of the
Negative bead column

(No agglutination)

Table taken from: Tholpady A. Antibody screeningtfieved on 20-12-2022. From:
https://emedicine.medscape.com/article/1731232-
overview#.~:text=The%20antibody%20screening%20t&d3érformed,that%20are
%?20considered%?20clinically%20significant.

Figure 11 — DCT Results — Reaction Grading Chat®
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Image taken from: Tholpady A. Antibody screeningtrieved on 20-12-2022. From:

https://emedicine.medscape.com/article/1731232-

overview#:.~:text=The%20antibody%20screening%20t&dérformed,that%20are

%?20considered%20clinically%20significant.

APPLICATIONS OF DCT:

» Diagnosis of hemolytic disease of the new-born (DN

» Diagnosis of AIHA (Auto-Immune Hemolytic Anemia)

antibodie$*’

Diagnosis of drug induced immune hemolytic anemia

Sources of errors in DCT are given in Tablé*11

Table 11: Sources of Errors in D&T

Investigation of hemolytic transfusion reactionsedto allo- or auto-

FALSE NEGATIVE

FALSE POSITIVE

Inadequate washing of red cells

RBCs

Autoagglutinationpoly-agglutination of

Test is interrupted or delayed

Improper washinglagsware

Problems with AHG reagent

Bacterial contamination of reagen

Improper storage

Failure to add AHG reagent
Decreased reactivity of
reagent

Over centrifugation

reagent

t Presence of other antibodies in the Al

Contaminated reagents

AH(

colloidal silica

5Saline contaminated by heavy metals

or

Table taken from: Coombs test.

Retrieved on 20-12022. From:
https://my.clevelandclinic.org/health/diagnostics/2978-coombs-

test#:~:text=Direct%20Coombs%20test%20(sometimes%alled,such

%20as%20autoimmune%20hemolytic%20anemia
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VALIDATION OF NEGATIVE DCT?243-248

Add IgG sensitized red cells (check cells) to negatoombs test
AGGLU*iNATION

Pr!asent Absent
Test re;lJIt is valid Invaliu® test

result

LIMITATIONS:

- Observer variation of the interpretation of theutessmay affect the accuracy of
the test result.

- Proper use and handling of the product should Ibetlgt followed as per
instructiong*3-248
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MATERIALSAND METHODS

STUDY DESIGN: One year hospital based prospectieeszsectional study.

STUDY PERIOD: January 01, 2021 to December 31, 2021

STUDY POPULATION: All transfusion dependent thakassa patients admitted
under thalassemia day care unit at KLE’s Dr. Prekah&ore Charitable hospital and
KLE’s Dr PK Hospital and MRC, Belagavi, fronf'Danuary 2021 to $1December

2021.

INCLUSION CRITERIA:

» All transfusion dependent thalassemia patientstbéesex of all age groups.

EXCLUSION CRITERIA:
» Refusal of consent to participate in the study
* Thalassemia patients with additional hemoglobinioieat
* Immunocompromised patients
* Thalassemia patients on treatment with immunosgspras

* Pregnant thalassemia patients
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METHODOLOGY:

A total of 205 patients of Thalassemia registex@dégular blood transfusion
management at KLE’s Dr. Prabhakar Kore Charitaldephial and KLE's Dr PK
Hospital and MRC, Belagavi, Karnataka were seleétedthe study. An informed
written consent (from patients >18-years of ageassent (from parents/guardians of
patients <18-years of age) was taken in all thexas

The information about the clinical parameters wlakined from the patient’s
records from Medical Records Dept, Blood bank argpdadtment of Pathology,
KLE’s Dr. Prabhakar Kore Charitable hospital andB&4. Dr PK Hospital & MRC,
Belagavi.

The data was collected using a predesigned profaromsisting of the following
information:

- Age of patient

- Gender

- Blood group

- Consanguinity

- Siblings with thalassemia

- Diagnosis via Hb-Electrophoresis

- Age at diagnosis and the first blood transfusion

- Transfusion regimen

- Total number of transfusions till date

- Type of blood component used for transfusion (saathdvashed, leucodepleted)
- Total volume of transfusion received till date

- Hb before the last transfusion

- Hb after the last transfusion
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- Rate of fall of hemoglobin per week
- Splenectomy status
- Alloimmunization status

After obtaining the above information, 4 to 6 ml wénous blood was
collected from each patient in EDTA tube (laveniadg).

Step 1 — Preparation of the 4% red blood cell susipe.

0.5 ml of the anticoagulated blood was added tol 4frmormal saline in a
test-tube. This was mixed and centrifuged at 1@00 for 5 min. The supernatant was
removed and discarded. 50 microlitre of the setffmtked) RBCs was then mixed
with 1 ml of normal saline in a separate test-titbprepare the 4% RBC suspension.

Step 2 — Performing Direct Coomb'’s test

The wells of the Ortho workstation cassettes cairigi the polyclonal anti-
human globulin (AHG) are opened. 6 samples canebted at a time. To this, 10
microlitre of the above prepared cell suspensioadded and then centrifuged for 5
minutes at 1500 rpm. The results are read as pergthding chart (Table 12,

Figure 12).
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Table 12: Reactions Grading Chart

\ %4

D

REACTIONS | PATTERN

4+ Agglutinated RBCs form a band at the top of thedbazumn

3+ Most agglutinated RBCs are retained or trappedhén upper half of the
bead column

- Agglutinated RBCs are observed throughout the len§the bead column
A small button of cell may be visible at the bottofithe bead column
Most agglutinated RBCs are retained or trappedhe lower half of the

1+ bead column
A small button of cell may be visible at the bottofrthe bead column

0.5+ Most agglutinated RBCs pass through and form augisd button at th
bottom of the bead column

0 All RBCs pass through and form a smooth buttorhatitottom of the bead
Negative column

(No agglutination)

Figure 12: Anti-Human Globulin (AHG) Coombs Test Card

i

134

|

[

‘ 50530.2
$2021.12
2022,11
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STATISTICAL ANALYSIS

The presentation of the Categorical variables date in the form of number
and percentage (%). On the other hand, the quawgitdata were presented as the
means = SD and as median with 25th and 75th péle®iiinterquartile range). The
data normality was checked by using Kolmogorov-8mirtest. The cases in which
the data was not normal, we used non-parametiis. t€ke following statistical tests
were applied for the results:
1. The association of the variables which werentjtaive and not normally
distributed in nature were analysed using Mann-WéyitTest (for two groups) and
variables which were quantitative and normally ribstted in nature were analysed
using ANOVA (for more than two groups) and Indepemid test (for two groups).
2. The association of the variables which were itatale in nature were analysed
using Chi-Square test. If any cell had an expewtdde of less than 5 then Fisher’s
exact test was used.
3. Receiver operating characteristic curve was tedithd cut off point of volume of

blood transfused (mL) for predicting splenectomysipive alloimmunization.

The data entry was done in the Microsoft EXCELegpisheet and the final

analysis was done with the use of Statistical Pgeki@r Social Sciences (SPSS)

software, IBM manufacturer, Chicago, USA, versi@n(2

For statistical significance, p value of less th@r®5 was considered

statistically significant.
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RESULTSAND OBSERVATIONS

The study was conducted at KLE's Dr. Prabhakar Koharitable hospital
and KLE's Dr PK Hospital and MRC, Belagavi. 205 niséusion dependent
Thalassemia patients of either sex of all age ggaupre included in the study apart
from the patients meeting the exclusion criterinleBotomy was performed under
strict aseptic precautions and 4-6 mL of venouddlwas collected in EDTA test
tubes. Antibody screening via Direct Coomb’s Te3CT) was performed in all
collected samples and results are as follows.

Figure 13: Distribution of age (years) of study subjects

Distribution of age (years) of study subjects

18
9%

HM1tol1l0years M11to20years M >20 years

Patients between the ages of 1 and 10 made up 508, (while those between the
ages of 11 and 20 made up 41% (84) of the casdg. (@6 (18) were in the >20-
year-old age group [Figure 13].

The average age of the study participants was 4Q6t+Avhile the median age (25th-
75th percentile) was 10 (07-15). Of the total numbk patients, 43% (88) were

female and 57% (117) patients were male.
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Figure 14: Distribution of blood gr oups among study subjects

Distribution of blood groups among study subjects
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O-Positive made up most patient blood types (7436810), followed by B-Positive
(55, or 27%), A-Positive (47, or 23%), AB-Positi{Z8, or 06%), O-Negative (07, or
03%), A-Negative (04, or 02%), and B-Negative (04,02%). Only one patient

(01%) out of 205 had an AB-Negative blood groupgiife 14]
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Figure 15: Distribution of cases born of parental consanguinity

Distribution of cases born of parental consanguinity

HMNo HMYes

Majority of the thalassemia patients (128, or 62%gre born of parental
consanguinity [Figure 15]. Among them 41 (20%) hadfamily history of
hemoglobinopathies and 39 (19%) cases had a siwithigdiagnosed thalassemia.

Figure 16: Distribution of type of thalassemia among study subjects

Distribution of type of thalassemia among study

3 subjects
1.5% _ _0.5%

H Thalassemia major M Thalassemia intermedia ¥ HBE thalassemia i Alpha thalassemia

Hemoglobin electrophoresis was used to determine type of thalassemia.
Thalassemia major, followed by thalassemia inteimedas the most frequently
diagnosed condition - 156 (76%) and 45 (22%) retbmdy. Only 3 cases of HB-E
thalassemia (1.5%) and 1 case of alpha-thalassdthi®o), were observed.

[Figure 16]
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Table 13: Distribution of age at diagnosis and age at first blood transfusion

(years) among the study subjects.

Age at diagnosis
Frequency Percentage
Age at first transfusion (years)
1to 10 years 128 62%
11 to 20 years 67 33%
>20 years 09 04%
Unknown 01 01%
Mean + SD 9+5
Median
8.5 (6-13)
(25th-75th percentile)
Range 0.5-28

A total of 128 patients (62%) received their diaggmand started transfusion therapy
between the ages of 1 and 10 years, 67 patients)(82&re diagnosed and treated
from the ages of 11 and 20. Only 09 out of 205quasi (04%) with a diagnosis and

transfusion therapy started when they were oldan tB0, and in 01 out of 205

patients (01%) this history was unknown. [Table 13]

Majority of Thalassemia major patients (98/157 (§R%nd Thalassemia intermedia

patients (30/45 (67%)) were born of parental cogaanity.

Twenty six out of 157 patients of Thalassemia mgj$.5%) and 11 out of 45

Thalassemia intermedia patients (24%) had a siblitig Thalassemia.
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Table 14: Distribution of transfusion regimen among study subjects.

_ _ Pre-transfusion hemoglobir]
Transfusion regimer o Frequency Percentagd
to be maintained (g/dl or g%4)

Super-transfusion
11to 12 04 02%

Hyper-transfusion
09to 10 163 79.5%

Hypo-transfusion
07 to 08 38 18.5%
Total 205 100%

The majority (163 (80%) of our patients were on dryppansfusion regimen to
maintain the pre-transfusion hemoglobin betweera®® 10 g/dl, followed by hypo-
transfusion regimen (38 (19%) to maintain pre-thasisn hemoglobin between 07
and 08 g%, and only 04 out of 205 patients (02%g@ixed super-transfusion regimen

to maintain pre-transfusion hemoglobin betweenrdd. B2 g% [Table 14].

Majority of the cases (192, or 94%) were receivimatched leucodepleted packed red
blood cells (PRBC), 08 (04%) patients receivingl&risaline-washed PRBC (contains
10-20% less RBCs than original unit) and 05 (02%figmts are receiving Donor

Type ‘O’ PRBC.
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Table 15: Descriptive statistics of number of transfusions of study subjects

Variable Mean + SD Median (25th-75th percentile n§a

Number of
) 118 + 78 105 (60-168) 4-412
transfusions

Mean value of number of transfusions of study stibjevas 118 + 78 with median

(25th-75th percentile) of 105 (60-168). [Table 15]

Figure 17: Percentage of thalassemia cases who have under gone splenectomy

Percentage of thalassemia cases who have undergone
splenectomy

27
13%

M Not done H Done

Only 27 patients (13%) out of 205 underwent splesrag [Figure 17].
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Table 16: Type of thalassemia among the operated cases.

Type of thalassemia Frequency Percentage
Thalassemia major 14 52%
Thalassemia intermedia 12 44%
Hb-E Thalassemia 01 04%
Total operated cases 27 100%

Majority of the operated patients were that of Blsakmia major (14 (52%)) followed
by Thalassemia intermedia (12 (44%)) and 1 caséo)0df Hb-E Thalassemia.
[Table 16]

Only 7 operated (26%) cases had a sibling with a¢sdmia.

Majority (17 (63%)) of the operated cases were lwdnparental consanguinity.

Figure 18: Distribution of blood group among oper ated thalassemia cases.

Distribution of blood group among operated cases
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Majority of the operated cases of Thalassemia lggdrio the blood group B-Positive
(10 (37%)) followed by A-Positive (6 (22%)), O-Pige (6 (22%)) and B-Negative
(02 (07%)). Only 1 out of 27 operated patients (48agh belonged to the blood

groups A-Negative, AB-Positive and O-Negative. [Fig18]

Page 72



Results

Figure 19: Distribution of alloimmunization status of study subjects.

Alloimmunization status of study subjects
21

10%

M Negative M Positive

Only 21 out of 205 thalassemia patients (10%) sliopresence of alloimmunization.
[Figure 19]. Thalassemia major outnumbered Thatagsdentermedia among the
alloimmunized cases.

Out of 41 cases with family history of Thalassenmejority (37 (90%)) developed
Alloimmunization. Only 04 out of 21 cases with go& Alloimmunization (19%)
had sibling with Thalassemia.

Majority (16 (76%)) of the alloimmunized cases wkagn of parental consanguinity.

Figure 20: Distribution of alloimmunization stataisiong splenectomised patients

Distribution of Alloimmunization status among
splenectomised thalassemia cases

M Negative M Positive

Among the operated thalassemia cases, majority [@&fbajor and 6 intermedia)] of

them developed Alloimmunization post-splenectorfygiire 20]
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Table 17: Distribution of blood groups among the alloimmunized cases

Blood group Frequency Percentage (%)
A-Positive 05 24
B-Negative 01 05
B-Positive 08 38
O-Positive 07 33
Total cases with positive Alloimmunization 21 100

Most of the alloimmunized cases belonged to thedlgroup B-Positive (8 (38%)),
followed by O-Positive (7 (33%)) and A-Positive (4%)) with only 1 case (5%)
belonging to the blood group B-Negative. [Table 17]

Figure 21. Recelver operating characteristic (roc) curve of volume of blood

transfused (ml) for predicting splenectomy.

Volume of blood transfused(mL)
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ROC curves above the diagonal line are considerddve reasonable discriminating
ability to predict splenectomy. Discriminatory paws volume of blood transfused
(mL) (AUC 0.848; 95% CI: 0.7891t0 0.896) was exestl Volume of blood
transfused was the significant predictor of splémmy at cut off point of >9750 ml
with area under curve of 0.848 for correctly prédig splenectomy. [Figure 21]

The above table shows that the patients who hadrgode splenectomy, 84.62% of
patients had volume of blood transfused >9750 mliolume of blood transfused
>9750 ml, then there was 31.90% probability of sp#omy and if volume of blood
transfused <= 9750 ml, then 96.80% chances of lemeptomy. Among patients who
had not undergone splenectomy, 71.86% of patiestisviolume of blood transfused
<=9750 ml.

Figure 22: Receiver operating characteristic curve of volume of blood transfused

(ml) for predicting positive alloimmunization.
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ROC curves above the diagonal line are considerddve reasonable discriminating
ability to predict positive Alloimmunization. Ingeretation of the area under the ROC
curve showed that the performance of volume of dlwvansfused (mL) (AUC 0.967;
95% CI: 0.932t0 0.988) was outstanding. Volumebtdod transfused was the
significant predictor of positive Alloimmunizaticat cut off point of >15000 ml with
area under curve of 0.967 for correctly predictiogitive Alloimmunization. [Figure
22]

The above table shows that the patients who haitiygoAlloimmunization, 100% of
patients had volume of blood transfused >15000Ilmiolume of blood transfused
>15000 ml, then there was 42.90% probability ofifpges Alloimmunization and if
volume of blood transfused <=15000 ml, then 100%anckes of negative
Alloimmunization. Among patients who had negativko#nmunization, 83.72% of

patients had volume of blood transfused <=15000 ml.
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Table 18: Association of blood group with type lodlassemia in total study subjects.

Thalassemia Thalassemia Others
Blood group _ _ _ Total p value
major (n=156) | intermedia (n=45)| (n=4)
. 03 01 0 04
A-Negative
(02%) (02%) (0%) (01%)
» 34 12 01 47
A-Positive
(22%) (27%) (25%) (25%)
_ 01 0 0 01
AB-Negative
(01%) (0%) (0%) (0.3%)
N 09 04 0 13
AB-Positive
(06%) (09%) (0%) (05%)
. 03 01 0 04
B-Negative 0.54
(02%) (02%) (0%) (01%)
" 44 08 03 55
B-Positive
(28%) (18%) (75%) (27%)
) 04 03 0 07
O-Negative
(2%) (07%) (0%) (2%)
N 58 16 0 74
O-Positive
(37%) (35%) (0%) (36%)
Total cases of 156 45 04 205
Thalassemia (100%) (100%) (100%) (100%)

* Fisher's exact test

With p value=0.54, there was no association betwtbentype of thalassemia and

blood group in total study subjects. [Table 18]
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Table 19: Association of alloimmunization statushwblood group in total study

subjects.
Alloimmuni
A- A+ AB- AB+ B- B+ O+
zation O- (n=07) Total | p value
(n=04) | (n=47) | (n=01) (n=13) (n=04) (n=55) (n=74)
status
] 04 42 01 13 03 47 07 67 184
Negative
(100%) [ (89%) | (100%) | (100%) (75%) (85%) (100%) (90.5%) (90%)
N 0 05 0 0 01 08 0 07 21
Positive 0.649
(0%) (11%) (0%) (0%) (25%) | (14.5%) (0%) (9%) (10%)
Total 04 47 01 13 04 55 07 74 205
ota
(100%) | (100%) | (100%) | (100%) | (100%) | (100%) | (100%) (100%) | (100%)

" Fisher's exact test

With p value=0.649, there was no association betvwadimmunization and blood

group in total study subjects. [Table 19]

Table 20: Association of alloimmunization with splenectomy in total study

subjects.
Splenectomy
_ o Splenectomy
Alloimmunization not done Total p value
done (n=27)
(n=178)
_ 171 13 184
Negative
(96%) (48%) (90%)
N 07 14 21
Positive <0.0001
(04%) (52%) (10%)
178 27 205
Total
(100%) (100%) (100%)

T Chi square test

Proportion of patients with positive Alloimmunizati was significantly higher among

cases that underwent splenectomy (p value <0.00@Ere was a strong association

between alloimmunization and splenectomy amon@#isgimia cases. [Table 20]
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Figure 23:Distribution of blood groups among thalassemia megses

Distribution of blood groups among Thalassemia
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Majority of the Thalassemia major cases belongeithedblood group O-Positive (59
(37.5%)), followed by B-Positive (44 (28%)), A-Pirge (34 (22%)), AB-Positive (09
(06%)), O-Negative (04 (02.5%)), A-Negative (03 ¥9)2 and B-Negative (03
(02%)). Only one case of Thalassemia major belongedhe blood group AB-
Negative. [Figure 23]

Figure 24: Distribution of blood groups among cases of thalassemia intermedia.

Distribution of blood groups among cases of Thalassemia
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Most of the cases of Thalassemia intermedia betbngehe blood group O-Positive
(16 (35%)), followed by A-Positive (12 (27%)), B-$ttve (08 (18%)), AB-Positive

Page 79



Results

(04 (09%)) and O-Negative (03 (07%)). Only 1 outdsfintermedia patients (02%)
belonged to the blood groups A-Negative and B-NegafFigure 24]

Majority of the cases with positive alloimmunizatiovere undergoing hyper-
transfusion regimen (12 (57%)) to maintain the hgimlnin of 09 to 10 g%. Only 09
out of 21 patients (43%) were undergoing hypo-fi@ien regimen to maintain the
hemoglobin between 07 to 08 g%.

Majority of the splenectomised cases were undeggbyper-transfusion regimen (16
(59%)) to maintain the hemoglobin of 09 to 10 g%lyOL1 out of 27 patients (41%)
were undergoing hypo-transfusion regimen to maintia® hemoglobin between 07 to
08 g%.

Table 21: Association of alloimmunization with type of thalassemia.

Thalassemia| Thalassemia
) o _ _ ] Others
Alloimmunization major intermedia (n=4) Total p value
n=
(n=156) (n=45)
_ 142 38 4 184
Negative
(91%) (84%) (100%) (90%)
N 14 7 0 21
Positive 0.397
(09%) (16%) (0%) (10%)
156 45 4 205
Total
(100%) (100%) (100%) | (100%)

* Fisher's exact test

With p value=0.397, there was no association betwal#oimmunization and

diagnosis. [Table 21]
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Table 22: Association of splenectomy with type of thalassemia.

Thalassemia| Thalassemia
) _ ) Others
Splenectomy major intermedia (n=04) Total p value
n=
(n=156) (n=45)
142 33 03 178
Not done
(91%) (73%) (75%) (87%)
14 12 01 27
Done 0.006
(09%) (27%) (25%) (13%)
156 45 04 205
Total
(100%) (100%) (100%) (100%)

* Fisher's exact test

With P value=0.006, there was no association betws#enectomy and type of

thalassemia (table 22).

Table 23: Association of blood group with operated thalassemia cases.

Splenectomy not | - o1 o ctomised
Blood group done P (n=27) Total p value
(n=178 _
. 03 1 4
A-Negative (02%) (04%) (03%)
N 41 6 47
A-Positive (23%) (22%) (22.5%)
. 1 0 1
AB-Negative (0.5%) (0%) (0.2%)
N 12 1 13
AB-Positive (07%) (04%) (06.5%)
. 2 2 4 [
N 45 10 55
B-Positive (25%) (37%) (27%)
. 6 1 !
O-Negative (03%) (04%) (03%)
N 68 6 74
O-Positive (38%) (22%) (36%)
Total 178 o oo
(100%) (100%) (100%)

" Fisher's exact test
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With p value=0.201, there was no connection betwseod type and splenectomy in
Thalassemia patients irrespective of the type atbdsemia. [Table 23]

Table 24: Association of age at diagnosis and 1st transfusion (years) with
alloimmunization.

Age at diagnosis and . N
_ Negative Positive
1st transfusion Total p value
(n=183) (n=21)
(years)
126 02 128
1to 10 years <0.0001
(69%) (09.5%) (63%)
53 14 67
11 to 20 years 0.0003
(29%) (67%) (33%)
04 05 09
>20 years 0.0007
(02%) (24%) (04%)
Mean + SD 857 +4.76 16.72 £ 5.1 9.41 +5.89
Median
8.1 15.8 8.5
(25th-75th <0.0001
_ (5.25-11.35) (13.3-19.3) (5.6-13.1)
percentile)
Range 0.5-28 7.2-27.8 0.4-28.1

TIndependent t test,Fisher's exact testChi square test

With p value <0.0001, the age at diagnosis and tlatsfusion (years) was
significantly associated with the development tdiaimunization. [Table 24]

Table 25: Association of number of blood transfusions with alloimmunization.

Number of _ N
Negative Positive
blood Total P value
_ (n=184) (n=21)
transfusions
216.76 £ 118.16 £
Mean + SD 106.91 +71.73
56.63 77.75
Median (25th-
25t 98.5 190 105 <0.000%
_ (53-149.75) (174-263) (60-168)
percentile)
Range 4-412 102-319 4-412

* Mann Whitney test
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With p value <0.0001, the total number of transiansiwas significantly associated
with the development of alloimmunization in thakxséa cases. [Table 25]

Table 26: Association of parental consanguinity with alloimmunization among
thalassemia.

Parental Negative Positive
. Total p value
Consanguinity (n=184) (n=21)
72 05 77
No
(39%) (24%) (38%)
112 16 128
Yes 0.17
(61%) (76%) (62%)
184 21 205
Total
(100%) (100%) (100%)
T Chi square test

Parental consanguinity did not seem to have a fgignt effect on the

alloimmunization status among thalassemia caseal(ge=0.17). [Table 26]

Table 27: Association of volume of blood transfugad) with alloimmunization.

Volume of
blood

transfused (mL

Negative Positive
Total p value
(n=172) (n=21)

6919.84 + 32197.62 9670.27

Mean £ SD
7937.88 10714.06 11417.46
Median
3750 31200 5750 <.000F
(25th-75th
_ (475-10562.5) | (24000-43200) (600-16750)
percentile)
Range 40-40000 16750-52250 40-52250

* Mann Whitney test

With p value <0.0001 the volume of blood transfugmdl) was seen to significantly
affect the alloimmunization status in thalassenaignts. [Table 27]
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Table 28: Association of age at diagnosis and 1st transfusion (years) with

splenectomy.
Age at diagnosis
Not done Done
and 1st Total p value
_ (n=177) (n=27)
transfusion (years
122 06 128
1 to 10 years <0.0001
(69%) (22%) (63%)
50 17 67
11 to 20 years 0.0003
(28%) (63%) (33%)
05 04 09
>20 years 0.019
(03%) (15%) (04%)
Mean £ SD 8.6 +5.01 14.67 £ 4.8 9.41 +5.39
Median
8.1 14.1 8.5
(25th-75th <0.0001
_ (5-11.3) (13.1-17.15) | (5.6-13.1)
percentile)
Range 0.5-28 6.8-25.5 0.5-28

TIndependent t test,Fisher's exact testChi square test

With p value <0.0001, the age at which the transfusvas started was seen to

significantly impact the need for splenectomy ialéissemia patients. [Table 28]

Table 29: Association of number of transfusionswith splenectomy.

Number of Not done Done
_ Total P value
transfusions (n=178) (n=27)
Mean + SD | 109.56 + 75.59 174.85 +68./4118.16 + 77.79
Median
98.5 174 105
(25th-75th <0.000%
_ (53-156.25) | (139.5-197.5) (60-168)
percentile)
Range 4-412 29-319 4-412

* Mann Whitney test

The total number of transfusions was seen to saamfly affect the need for

splenectomy among thalassemia cases (p value <0.q0@ble 29]
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Table 30: Association of parental consanguinity with splenectomy.

Parental Not done Done
o Total p value
Consanguinity (n=178) (n=27)
67 10 77
No
(38%) (37%) (38%)
111 17 128
Yes 0.957
(62%) (63%) (62%)
178 27 205
Total
(100%) (100%) (100%)

T Chi square test
There was no association between parental congatygand need for splenectomy

among thalassemia cases (p value=0.952). [Table 30]

Table 31: Association of volume of blood transfused (ml) with splenectomy.

Volume of
Not done Done
blood Total p value
(n=167) (n=26)
transfused (mL

7466.25 + 23826.92 9670.27 =

Mean = SD
9127.78 14389.4 11417.46
Median
3500 20475 5750 <0.000%
(25th-75th
_ (400-11250) | (13500-31425) (600-16750)
percentile)
Range 40-45000 600-52250 40-52250

* Mann Whitney test
The volume of blood transfused (mL) was seen tmiSaant affect the need for

splenectomy among thalassemia cases (p value <0.q0@ble 31]
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DISCUSSION

Patients with hereditary thalassaemia syndromearamng the most common
users of blood transfusions across the globe. Poigulation is more prone to
transfusion-related problems like blood-borne ititetws, iron overload, and
production of allo-antibodies (IgG) against minéwdd group systems such the Kidd,
Kell, and Rh systems (E, C, e), which may aggratraehemolytic reactici*

Alloimmunization, an immunological problem brouglan by frequent
transfusions of red blood cells, can make it chalieg to find appropriate
donor blood. Blood banks that have fewer donorueses and technical restrictions
must take this into account when planning long-tansfusion support for cases that
depend on transfusiotfg® 72109

This study evaluated the alloimmunization statu20b cases of thalassemia.
Association between the number of blood transfusitialassemia patients received
and their positive alloimmunization status as vesllthe distribution of blood groups
among thalassemia patients and their alloimmumirastatus was also investigated.

Anti-red cell alloantibodies were present in 10%oof patients.
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Table 32: Number of study subjects and genderibligton in various studies outside

India
Study Total number of Subjects  Males (%)  Females (%

Obeidi et af* 90 43 57
El-Beshlawy et af** 200 47 53
Hassan et &' 75 64 36
Singer et af' 64 42 58
Ameen et af? 190 51 49
Obaid et at 40 42 58
El-Danasoury et df 235 54 46
Ghasemi et &> 110 56 44
Ahmed AM et aF® 501 56 44
Saied DA et a3 95 49 51
Sadeghian et aF. 313 60 40
Hussein et af® 272 49 51
Pazgal et af® 40 52 48
Present Study 205 57 43

Table 33: Number of study subjects and genderiliigion in various studies in India

Study Total number of Subjects Males (%) Females (%
Gupta et af® 100 56 44
Dhawan et af* 319 74 26
Present Study 205 57 43

The number of participants in the current study wasparable to that in El-
Beshlawy et al. Males make up the majority of thgees in our study, as they do in the
majority of the studies described above as showrablle 32. Given that thalassemia
is observed to be equally prevalent in both menwochen, this gender disparity in
studies may be owing to more male patients beimglled for treatment than female
patients, or it may be related to gender differenicethalassemia prevalence across

various geographic regions [Table 32 & 33].
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Table 34: Mean age of study subjectsin various studies outside of I ndia

Study Mean age (years)
Obeidi et alt® 18
El-Beshlawy et at® 23
Hassan et & 18
Singer et af®® 15
Ameen et af? 13
Davoudi-Kiakalayeh A et & 26
El Danasoury et df 12
Ghasemi et &>° 23
Sadeghian et &P. 14
Ho et af?® 18
Saied DA et df 17
Present Study 11
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Table 35: Mean age of study subjectsin variousstudiesin India

Study Mean age (years)
Gupta et af® 26
Dhawan et af* 15
Present Study 11

The mean age in the current study was comparabtéaireported by Davoudi-
Kiakalayeh A et al. and Ameen et al [Table 34]. Nwous studies show diverse age
ranges due to variances in thalassemia prevalemm@ various age groups of
diverse populations (some places may have a higbyulation of the paediatric age
group with thalassemia while other areas may havigleer adult population). [Table

34 & 35]

Table 36: Most frequent blood group among the stsdlyjects in various studies

outside India
Study Blood Group
Marbut et aP® O Positive
Laghari et aP>* O Positive
Patidar et af> O Positive
Davoudi-Kiakalayeh A et &f* O Positive
Sadeghian et 3 O Positive
El-Beshlawy, A. et atf A Positive
Saied DA et df A Positive
Hussein et &f A Positive
Ghasemi A et a>* O Negative
Present Study O Positive
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Table 37: Most frequent blood group among the study subjectsin various studies

in India
Study Blood Group
Sinha et af® O Positive
Mondal et af. O Positive
Solanki et aP* O Positive
Gupta et af® A Positive
Present Study O Positive

Subjects in the current study and the majority hef tesearch stated above are O-
Positive blood type carriers (shown in Table 36 ®.3This may be because people
with this blood group are more likely to have tisaskamia major which is the most

prevalent among all thalassemia syndromes.
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Table 38: Most Frequent Diagnosis Among Various Studies

Thalassemia

Thalassemia

<

Study _ ) Others (%)
Major (%) Intermedia (%)
El-Beshlawy, Al® 74 26 0
Saied DA et dP 78 22 0
Obaid et ai® 65 35 0
HbE/beta
Ho et al??® 96 0 thalassemia heterozygocit
syndrome 4
Sickle cell-Beta-
Ahmed AM et af® 78 12 _
Thalassemia syndromel3
HbE —12
Alpha- thalassemia +
Thompson AA et
76 8 HbH or HbH/Constant
a|_149
Spring -2
Other variants 1
HbE -2
Present Study 76 22

Alpha-Thalassemia +

Thalassemia major is the most frequent diagnosithénpresent analysis, which is

consistent to practically all of the earlier stigdexamined as shown in Table 38. This

might be the case since Thalassemia major is thet omonmon form of thalassemia

syndromes worldwide.
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Table 39: Frequency of Alloimmunization Among Thalassemia Casesin Various

Studies outside I ndia

Study Frequency of alloimmunization (%)
Obeidi et af* 10
Bilwani et al?>* 9.2
Hassan K et & 27
Hussein et af® 22.8
Seferi et af>* 11.8
Zaidi et al'® 8.6
Saifeldeen et & 23.1
Qidwai et aP>® 10.75
Abdulgader et &% 5.8
Vichinsky E et af-> 19
Davoudi-Kiakalayeh A et al. 24.7
Ahmed AM et al. 11.3
Saied DA et al. 28.4
Gader AGMA et al. 22.06
Ho et al’* 7.4
El Danasoury et df 19.5
Abdelrazik AM et at>* 7.98
Ameen R et &t 30
Azarkeivan A et af® 12.1
Bahatti et aP®! 4.97
Pazgal | et &P? 425
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Thompson AA et &f* 16.5
Cheng CK et af® 29.8
M Vaziri et al?** 4.0
El-Beshlawy Amal et af 18

Amin M et al?® 17.9
Obaid JMAS et & 425
El Kababi Set &f* 8.75
Jansuwan S et &l. 17.5
Hussein E et & 22.8
Present study 10
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Table 40: Frequency of Alloimmunization Among Thalassemia Casesin Various

Studiesin India

Study Frequency of alloimmunization (%)
Datta SS et ai%® 5.6
Dhawan HK et & 5.64
Jeengar RK® 6.67
Gupta JK et af 7
Present study 10

With a 10% alloimmunization frequency, the curretudy was comparable to past

studies by Obeidi et al., Bilwani et al., Bashawetrial., and Qidwai as shown in

Table 39. This could be explained by the followfagtors:

» Giving blood to participants in the various reségpopulations from donors with
similar ethnic backgrounds and homogeneous redddet antigens.

» There is a good supply of leucodepleted PRBCsdrdlareas.

» There is agreement between the sample sizes andhaisé prevalent type of
thalassemia in these studies.

The prevalence of alloimmunization differs greditween studies as shown
in Table 39 & 40. If the studies only included a@dpbpulations who had already
received several blood transfusions, included cadethalassemia major in their
entirety or those comprising mainly of splenect@dithalassemia cases, and those
who were diagnosed at a very early age, alloimnatitia would be much higher than
the others. There may also be a role for variatisngmmunological tolerance
between populations, sample sizes employed in warstudies, and a deficiency in

leucodepleted PRBC in certain regions.
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Table 41: Most Frequent Blood Group in Cases with Positive Alloimmunization

Status

Study

Most frequent
Blood group with

alloimmunization

Prevalence of
Alloimmunization

among them (%)

Association

Saied DA et dFf O-Positive 38 Not significant
Sadeghian et 3 A-Positive 67 Significant
Hussein et &F A-Positive 21 -
Gupta et af O-Positive 57 -
Gader AGMA et al’2 O-Positive 44 -
Present study B Positive 38 Not significant

In most research, O-Positive blood groups exhiktitedhighest prevalence of

alloimmunization; however, this was not the casehe current study, where B-

Positive blood groups exhibited the highest prewage This might be as a result of

the population included in that research havingigh tprevalence of that specific

blood group. Literature on the impact of blood tygpe alloimmunization is scarce.

Although B-Positive blood groups were the most mfésdloimmunized blood groups

in our analysis, the correlation was found to b&msequential, which is consistent

with a study by Saied DA et al. that revealed nwatation between O-Positive blood

groups and alloimmunization. [Table 41]
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Table 42: Age at first blood transfusion (years) among the study subjects with

alloimmunization.

] Association:
Mean age at first _ _
_ Age at first transfusion and
Study blood transfusion
development of
(years) . o
alloimmunization
Jeengar RK et &f 2.3 Significant
Dhawan HK et af!* 2 Significant
Abdelrazik AMR et af>* 2.8 Significant
Saifeldeen ER et &P/ 8 Significant
Obeidi N et at® 2.14 +£2.40 Not significant
Pazgal | et > 1 Significant
Hussein E et aF <12 Not significant
El-Beshlawy A et af? 1-10 Significant
Our study 9.41 £5.39 Significant

The majority of studies agree with our present wtird that they discovered a
correlation between age at the start of the traimsfu and the presence of
alloimmunization. According to certain researcheréhis a statistically significant
difference in the mean age at first transfusionwken patients who are
alloimmunized and those who are not i.e., the ilked of developing
alloimmunization increases with the age at whidngfusion therapy is initiated.
Patients who started transfusion therapy at a yagegare likely to have a lesser risk
of developing alloimmunization since their immurnestems are still developing and
may have developed some sort of immunological aolee to allogeneic RBC

antigens. [Table 42]
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Table 43: Associations Between Splenectomy and Alloimmunization (i & ii)

Table 43 (i): Associations Between Splenectomy and Alloimmunization

Splenectomised

Prevalence of

Study Alloimmunization Association
cases (%)
among them (%)

Jansuwan S et 4. 23.8 29.4 Significant

Thompson AA et at* 49.4 21 Significant
El-Beshlawy et af** 59 - Not significant
Pujani M et at* 7 6.25 Not significant

Our study 13 52 Significant

Table 43 (ii): Associations Between Splenectomy and Alloimmunization

Frequency of

Splenectomised

cases with

Study Alloimmunization _ o Association
alloimmunization
(%)
(%)
Qidwai A et al®t 40 0.3 Not significant
Zaidi U et al*% 8.6 7 Not significant
Our study 10.24 67 Significant

The impact of splenectomy on alloimmunization Saitsl subject to
conflicting findings as seen in Table 43 (i & iBlthough there is a higher
prevalence of alloimmunization among splenectomibadbssemia cases, the
association between the two varies depending osdh®ple size, age groups
taken, the number of blood transfusions the stuafyufation received, and the

number of splenectomized cases taken in thoseestudi
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The elevated rates of alloantibody formation in dperated cases were due to
the spleen's inability to remove antigens and daaaglls from the blood stream. In
thalassemia patients, it also results in altereshurmological tolerance and increased
serum IgG and IgA concentrations.

The malformed RBCs in operated cases show novelearst that trigger an
immune response. However, this discovery may sinfy@ythe product of a larger

transfusion burden in those instances.

Table 44: Association Between Gender and Alloimmunization

Association between gender and
Study Gender _ o
alloimmunization
Thompson AA et o
Females > Male Not significant
a|149
El-Beshlawy et af?® Male > Female Not significant
Qidwai A et al*®® Females > Male Not significant
Sadeghian MH et Females > Male Not significant
Pazgal | et af>! Male > Female Not significant
Our study Male > Female Not significant

According to the minimal literature that is curdgrdavailable (as seen in Table
44), there is no correlation between gender anmminathunization. This result was

consistent with our current research.
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Table 45: Association Between Number of Blood Transfusions and

Alloimmunization in various studies outside India

Study

Association between number of blood transfusiombs Jin

alloimmunization

Jansuwan S et &l.

Significant

El-Beshlawy et af?®

Significant

Schonewille H et &%

Not significant

El Danasoury A S et aFf.

Significant

Pazgal | et at>!

Not significant

Hussein E et af®

Significant

Saied DA et al®

Not significant

Ahmed et a°

Not significant

Our study

Significant
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Table 46: Association Between Number of Blood Transfusions and

Alloimmunization in various studiesin India

Association between number of blood transfusiors an
Study alloimmunization
Pahuja Set &t. Not significant
Patel AS et af? Not significant
Our study Significant

It has been shown that thalassemia patients whonged blood transfusions
both in terms of volume and quantity have an eadieset of alloimmunization [Table
45 & 46]. However, most of the literature reviewadwed this correlation as being
insignificant. According to the present study ahd studies conducted by Jansuwan
S. et al., ElI-Beshlawy et al., El Danasoury A.tSale and Hussein E. et al., there was
a significant correlation between the two variablese prevalence of non-transfusion
dependent thalassemia in the different study grotlygssample size, and the type of

blood component used for transfusion could alldmdrs in this varying observation.
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SUMMARY

This study was a descriptive observational studg@3 cases from January
01, 2021, to December 32021 and was performed in was performed in Patlyolog
Department of KAHER’s Jawaharlal Nehru Medical @gé and Dr Prabhakar Kore
Hospital & Research Centre, Belagavi.

The study aimed at estimating the prevalence inanunization in
transfusion dependent thalassemia patients at taryercare hospital in North
Karnataka. Other objectives included finding anoasdion between frequency of
blood transfusions and a positive alloimmunizastetus and to find any association
between blood group distribution in thalassemiaepéd and their relationship with
alloimmunization status.

Significant findings in this study are as follows:

* The greatest number of patients belonged to thegyeme 1-10 yearH0%).

* There were more males than femae&4 males, 43% females) .

» O-positive was the most frequently observed bloooug among thalassemia
cases36%).

* Majority (76%)) of our patients consisted of Thalassemia majagrbsed by
Hemoglobin electrophoresis.

* Majority of the operated cases of Thalassemia ahe& tases with
alloimmunization belonged to the blood group B-Resi[37 % and 38%
respectively].

* Majority (79.5%) of our patients were receiving blood transfusamtording to

the hyper-transfusion protocol.
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Only 13% of the patients in our study underwent splenect@mg majority of
them had Thalassemia intermedia who were bornreinpal consanguinity.
Prevalence of alloimmunization was found tol886 in our study among which
67% were Thalassemia major and o832 were Thalassemia intermedia cases.
Majority of them were also found to have alreadglengone splenectomy and
were born of parental consanguinity.

Out of 41 cases with family history of Thalassem@0% developed
Alloimmunization.

B-Positive was the most prevalent blood group amamg alloimmunized
thalassemia cases.

Volume of blood transfused was the significant o of splenectomy at cut off
point of >9750 ml with area under curve of 0.848 fwrrectly predicting
splenectomy.

Volume of blood transfused was the significant pred of positive
Alloimmunization at cut off point of >15000 ml withrea under curve of 0.967
for correctly predicting positive Alloimmunization.

Alloimmunization and splenectomy had a significatrrelation. The age at
which the transfusion was started, which acts dmrameter for how long the
transfusion therapy had been ongoing, was also dstmrated to have a strong
correlation with both.

The frequency, volume, and total number of bloath¢fusions have a big impact
on the development of alloantibodies and needitensgtomy.

The type of thalassemia, gender, parental consaitguand blood groups had no

impact on either alloimmunization or splenectomy.

Page 102



Conclusion

CONCLUSION

Patients with multiple transfusions for thalassenifaquently develop
alloimmunization. According to our findings, 10%tbe multi-transfused thalassemia
patients have alloimmunization.

In this study, it was discovered that alloantibedieveloped in the majority of
splenectomized patients, particularly in those witlalassemia major. While the
majority of the cases in our study were O-positiMepd group B-positive individuals
were those who developed alloimmunization.

Parental consanguinity was a common factor in pttiesho showed positive
alloimmunization or had to undergo splenectomy erendiagnosed with thalassemia
major.

The amount of blood transfused over the course gkemson's lifetime is
discovered to be a significant contributor to teeelopment of alloimmunization and
the requirement for splenectomy. It was observeat #h higher volume of blood
transfusion is needed for cases to develop alloimnation than those who develop
transfusion complications and ultimately need spiéomy.

Alloimmunization can be prevented by extended nmedgbhenotyping. Since
this is financially and logistically demanding theed for better transfusion policies
are necessary. The results of this study can hélp patient interventions, health
education, and future research projects aimedeathérapeutic transfusion problems

in thalassemia patients.
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Limitation

LIMITATION

» The frequency of type of alo-antibody produced in each patient could not be

carried out due to financia limitations.

» Some study components and their causes could not be compared or evaluated due
to lack of relevant literature. For instance, why O-Positive is the most prevalent
blood type among people with thalassemia and why some blood types are more

likely to develop alloimmunization.
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ANNEXURE |
INFORMED CONSENT

STUDY OF ALLOIMMUNIZATION IN TRANSFUSION DEPENDENT
THALASSEMIA PATIENTS AT A TERTIARY CARE HOSPTAL
Principal Investigator: Reg. No. BN0120001

Guide: DR

Purpose of the study: You are being asked to easolber the eligibility criteria for
participation in this study.

The purpose of this study is to detect alloimmutidzain transfusion dependent
thalassemia patients.

Procedure: During this study, your blood group Wi tested, and Direct Coomb’s
Test (DCT) will be done to detect your alloimmuriaa status. The principal

investigator of the study is Reg. No. BN0120001 amdhe guidance of Dr.

If you agree to enroll yourself in this study, ydd€T report along with your blood
group report will be used for research purpose.

Risks and benefits: There are no risks involvethking part in this study. The benefit
would be to know a better way to predict alloimnaation status in thalassemia
patients and the importance of advocating spetifinsfusion guidelines to prevent
complications due to alloantibodies produced agahes donor RBCs in thalassemia
patients undergoing multiple blood transfusions.

Alternatives: Taking part in this study is voluntal¥ou may choose not to take part

in this study or if you decide to take part nowuyean later change your mind and
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withdraw from the study. The study doctor or sponsoay terminate your
participation in this study anytime.

Privacy and confidentiality: All information colteed about you during this study
will be kept confidential to the extent permitteg law. The code numbers will
identify you in this research record. Informatioarh this study will be published but
your identity will be confidential in any publicati. No information about you or
information provided by you during research will disclosed to other without your
written permission except:

1. In emergency to protect your rights and welfare.

2. If required by law.
Financial incentives for participation: You will hde paid / offered any gift /
incentives for participating in this study.
Authorization to publish results: The results astbtudy would be forwarded to the
KAHER, Belagavi as a part of requirement towards tompletion of MD degree,
review, and publishing.
Questions: In case you have any questions relatetiet study in future you can
contact:

1. Reg. No. BN0120001, Department of Pathology, J.Kdial College.

2. Dr. , Department of Pathology, J.Bdigal College.

3. If you have any queries about your rights as ayssuthject, you may call Dr. Roopa
Bellad, Professor, Department of Paediatrics, @ieir of J.N. Medical College
Institutional Ethical Committee of Human SubjectssBarch, Ph No- 9448113403, at

J.N. Medical College, Belagavi
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CONSENT STATEMENT

| voluntarily agree to take part in this study figning below. | may withdraw
at any time. | am not giving up any legal rights gigning this form. My signature
below indicates that | have read, or it has bead te me, this entire consent form
and have had all my questions answered.

In case of the queries during the study or in ®itgwu may contact following person.

Principal Investigator:

Guide

Name of the participant:

(signature/thumbprint)

Name of the witness:

(signature/thumbprint)

Name of the investigator:

(signature/thumbprint)

Date:

Address:

Phone no:
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ANNEXURE I

PROFORMA

STUDY OF ALLOIMMUNISATION IN TRANSFUSION DEPENDENT
THALASSEMIA PATIENTS AT A TERTIARY CARE HOSPITAL. halassemia
patients who are registered at KLE's Dr. Prabhakare Charitable hospital and
KLE’s Dr PK Hospital and MRC, Belagavi are enroliedhis study. This study will
include 205 cases of thalassemia receiving reguknsfusions. The study is a
prospective cross-sectional study. The data celieatill comprise of age, sex, age at
first transfusion, transfusion frequency, number tadinsfusions till date and
splenectomy status as a part of their treatmehteb®tomy will be performed under
strict aseptic precautions and 3 mL of venous bldtbe collected in EDTA test
tubes. Antibody screening via Direct Coomb’s TeBk e performed in all collected

samples.
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PATIENT DETAILS

Name: Age:
Sex: IP no.:
Brief clinical history:
Age of onset of symptoms:
Age at first transfusion:
Blood group:
Type of blood received: [A] Whole blood
[B] Packed Red Blood Cells (PRBC)
[C] Leucodepleted blood
Frequency of transfusion:
Number of transfusions till date:
Hemoglobin (%): [A] Before transfusion -
[B] After transfusien
Splenectomy status:

Direct Coomb’s Test:
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ANNEXURE IV
DIRECT COOMB’S TEST

Direct Coombs Test [DCT] / Direct Antiglobulin T8AT]

The direct Coombs test is used to detect antibddigs or C3) that are stuck to the

surface of red blood cells that sometimes desedybfood cells and cause anemia.

To identify if a patient’s RBCs are coated with immoglobulin, complement or both,
AHG with reactivity to human immunoglobulin and/compliment is added to the
patient's RBCs. If cross linking and subsequentlw@guation is present, direct
Coomb’s test is positive.

Specimen: EDTA blood

Materials :

1. Test tubes

2. AHG reagent

3. Positive control cells (IgG coated)

4. Centrifuge and microscope

Procedure :

1. Make 5% cell suspension of patient blood by wagB times with normal saline.
2. After last washing decant the supernatant cotelyle

3. Take 1 drop of patient’s cell suspension insa tigbe.

4. Add 2 drops of A.H.G reagent with the patieced suspension in the test tube.

5. Mix well and centrifuge the mixture for at 15B@M for 1 minute.
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6. Gently shake the tube and examine with nakedaegleunder microscope to see the
agglutination.

7. If the test result is negative, add a drop ot cells.

8. Mix well and centrifuge the mixture for at 158PM for 1 minute and look for

agglutination. If no agglutination is seen, theuteis invalid.

Result:
Presence of agglutination means a positive DATcattitig the presence of human
immune globulin or complement bound to RBCs.

Absence of agglutination means a negative DAT.

Uses of DAT:

1. Presence of autoantibodies against RBC as incése of warm autoimmune
hemolytic anemia (AHA).

2. To detect hemolytic transfusion reactions whesompatible blood is transfused,

the donor cells get coated with recipient’s antibedaind the DAT is positive.
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SN

YRS

BG

PC

SWT
PWH

Dx

AD / AFT

TR

TBT
VBT
mL
iHb
fHb
g/DI
RGHb/wk
DCT
ALLO
M

F

Mo

ANNEXURE V
KEY TO MASTER CHART

Serial Number

Years

Blood Group

Parental Consanguinity

Sibling with Thalassemia
Parents with Hemoglobinopathy
Diagnosis

Age at Diagnosis / Age at First Trangars
Transfusion Regimen

Number of Transfusions till date
Splenectomy

Type of Blood Transfused
Volume of Blood Transfused
Milli-litre

Initial Hemoglobin

Final Hemoglobin

Gram per Decilitre

Rate of fall of hemoglobin per week
Direct Coombs Test
Alloimmunization

Male

Female

Mother
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Fo - Father

+ - Positive

- - Negative

Y - Yes

N - No

™ - Thalassemia Major

Tl - Thalassemia Intermedia
AT - Alpha Thalassemia

HT - HBE Thalassemia

Tt - Thalassemia Trait

St - Sickle Trait

HyrTr - Hyper-transfusion Regimen
HTr - Hypo-transfusion Regimen
STr - Super-Transfusion Regimen
D - Done

ND - Not Done

PRBC - Packed Red Blood Cells
TSW - Triple Saline Washed
O-TB - O Type Blood
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1 8.1 M A+ N N N ™ 7.7 HyrTr 101 ND PRBC 5000 8.2 12 1.5 -
2 7.8 M B - N N N ™ 7.1 HyrTr 56 ND PRBC 1000 7.5 13.4 0.5 -
3 1.8 F A+ N N N ™ 11 HyrTr 11 ND PRBC 100 9.7 13.5 0.7 -
4 9.1 M A+ Y N N ™ 8.8 HyrTr 99 ND PRBC 7500 8.6 12.6 0.6 -
5 18.5 M B+ Y N N ™ 17.6 HTr 211 ND PRBC 27500 6.7 9 0.1 -
6 4.6 F B+ N N N ™ 31 HyrTr 32 ND PRBC 200 84 12.9 1 -
7 10.8 F A+ Y N N Tl 4.3 HTr 44 ND PRBC 600 7.1 10.6 0.9 -
8 11.8 F B+ N N N ™ 115 HyrTr 168 ND PRBC 16750 7 12.1 1.6 -
9 21.1 M B+ Y N N Tl 9.2 HyrTr 299 ND PRBC 45000 6 11 2.2 +
10 18.1 M B+ Y N N ™ 17.8 HyrTr 319 D PRBC (TSW) 45500 8 10.7 1.8 +
11 55 M AB + N N N Tl 34 HyrTr 36 ND PRBC 100 8.4 135 1 -
12 10 F B+ Y N N Tl 3.8 HTr 36 ND PRBC 200 7 10.2 0.8 -
13 1.6 F B+ Y N N ™ 1 HyrTr 9 ND PRBC 100 9.2 13.6 0.7 -
14 14.6 F B+ Y N N Tl 8.1 HTr 97 ND PRBC 800 49 10 1.8 -
15 19.3 M O+ N N N Tl 15 HyrTr 238 ND PRBC - 7.8 9.9 0.6 -
16 16.8 F A+ N N N ™ 15.3 HyrTr 207 ND PRBC 24500 7.5 11.6 0.8 -
17 1.8 F O+ Y N N ™ 2.4 HyrTr 15 ND PRBC 600 8.4 12.9 1 -
18 15.7 M O+ Y N N Tl 11.8 HyrTr 172 ND PRBC 18000 9.6 13.2 1.2 -
19 11.9 F O- Y N N Tl 9 HTr 80 ND PRBC 2400 6.6 114 0.8 -
20 6.3 F O+ N N N ™ 6 HyrTr 65 ND PRBC 600 9.7 14 0.9 -
21 11.2 F A+ Y N N ™ 104 HyrTr 165 ND PRBC 15000 7.1 114 1.8 -
22 11.9 F O- Y N N Tl 9.1 HTr 80 ND PRBC 2400 6.6 114 0.8 -
23 6.4 F B+ Y N N ™ 6.3 HyrTr 69 ND PRBC 800 9.1 13.5 1 -
24 13.1 F A+ Y Y N ™ 12.3 HyrTr 166 ND PRBC 17250 9 13.2 1.1 -
25 8.8 M B+ N Y N ™ 7.7 HyrTr 79 ND PRBC 2400 8.7 12.4 1.7 -
26 10.3 M B+ N N N ™ 9.7 HyrTr 133 ND PRBC 10000 8.5 12.5 1.1 -
27 13 F B+ N N N ™ 9.7 HyrTr 126 ND PRBC 9600 9.1 12.5 1.1 -
28 59 F A+ N N N ™ 53 HyrTr 22 ND PRBC 3000 8.1 13.5 1.3 -
29 9 F A+ Y N N ™ 8.2 HyrTr 100 ND PRBC (TSW) 5500 8.2 12.2 1.4 -
30 11.7 M B+ N N N ™ 10.2 HyrTr 157 ND PRBC 7.5 11.1 1.3 -
31 2.9 F AB + N N N ™ 0.6 HyrTr 5 ND PRBC 400 5.7 8.7 -
32 2.8 M A+ Y N N ™ 2.2 HyrTr 25 ND PRBC 230 8.6 13.1 1.1 -
33 9.7 F AB + Y N N ™ 8.3 HyrTr 108 ND PRBC 6250 7.8 12.1 1.3 -
34 9.7 F O+ Y Y N ™ 8.9 HyrTr 90 ND PRBC 6300 7.9 11.2 1.1 -
35 17 M B+ Y N N ™ 14.7 HyrTr 209 D PRBC (TSW) 9.5 13.2 0.9 -
36 154 F B+ Y N N ™ 14.8 HyrTr 212 ND PRBC 212 7.7 10.2 0.7 -
37 6.5 M O+ Y N N ™ 0.8 HyrTr 4 ND PRBC 600 6.7 9.7 -
38 16.2 M O+ N N N ™ 15.7 HyrTr 348 ND PRBC (TSW) 8.5 12.7 1 -
39 4.4 M B+ Y N N ™ 34 HyrTr 38 ND PRBC 300 8.1 12.6 1.2 -
40 6.9 F B+ Y Y N ™ 6.8 HyrTr 80 ND PRBC 2750 8.7 13.5 1 -
41 21.3 M O+ Y N N Tl 16.1 HTr 174 D PRBC 24500 7.1 8.5 0.3 +
42 11.1 F O+ Y Y N ™ 10 HyrTr 138 ND PRBC 11750 9.1 13.5 1.6 -
43 13 M A+ Y N N Tl 9.3 HyrTr 174 D PRBC 11750 7.7 10.3 1.4 -
44 14.4 F B+ Y N N ™ 13.9 HyrTr 195 ND PRBC 24500 8.3 12 1.4 -
45 11.1 F B+ N N N ™ 9 HyrTr 116 ND PRBC 8250 9 134 1.1 -
46 15.3 F B+ Y Y N ™ 14.8 HyrTr 160 D PRBC 13200 9.3 114 0.8 -
47 8.7 M A+ Y N N ™ 8 HyrTr 100 ND PRBC 7000 4.9 7.9 0.3 -
48 17.4 M O- Y N N ™ 16.8 HyrTr 224 ND PRBC 28800 7.1 9.2 0.8 -
49 11.8 M A+ Y N N ™ 115 HyrTr 177 ND PRBC 19000 8.6 10.8 1.4 -




50 16.8 M O+ Y Y N ™ 165 HyrTr 172 D PRBC 18000 9.7 126 1
51 51 M O+ Y Y N ™ 4.2 HyrTr 45 ND PRBC 50 10.02 135 0.8
52 8 M O+ N N N ™ 7.7 HyrTr 98 ND PRBC 10200 7.9 125 0.8
53 12.2 M A+ N N N ™ 11.6 HyrTr 152 ND PRBC 8.9 11.7 11
54 7.3 M O+ N N N ™ 6.7 HyrTr 76 ND PRBC 1500 8 12.3 1.2
55 26.5 M B+ N N N ™ 20 HyrTr 372 ND PRBC 9.6 135 0.8
56 75 M AB + N N N Tl 4.7 HTr 39 ND PRBC 400 74 11 0.9
57 27.9 M O+ N N N ™ 28.1 HyrTr 177 ND PRBC 19250 9 11.7 1
58 9 M A+ Y N N AT 85 HTr 58 ND PRBC 2250 75 101 05
59 151 M O+ Y Y N Tl 10 HyrTr 148 ND PRBC 13500 8.8 12.6 11
60 4.8 F AB - N N N ™ 4.5 HyrTr 46 ND PRBC 60 8.1 12.6 0.9
61 12.9 M A+ Y N N ™ 10.5 HyrTr 135 ND PRBC 8750 7.8 11.9 11
62 1 F O+ Y N N ™ 04 HyrTr 4 ND PRBC 200 8.6 131

63 10.6 M A+ Y N N Tl 7.7 HTr 115 D PRBC (O-TB) 14400 7.3 104 0.7
64 8.3 M A+ Y N N ™ 74 HyrTr 114 ND PRBC 4000 8.2 11.7 12
65 6.7 M O+ N N N ™ 52 HyrTr 70 ND PRBC 3200 8.5 135 2.5
66 10.1 M B+ Y N N ™ 94 HyrTr 128 ND PRBC 10500 9.6 135 11
67 3.2 F A+ Y N N ™ HyrTr 29 ND PRBC 100 8.1 12.6 1
68 3.7 F A - N N N ™ 2.7 HyrTr 27 ND PRBC 240 5 8 11
69 8.3 M B+ Y N N ™ 8 HyrTr 97 ND PRBC 7500 9.5 135 0.8
70 8 M A+ N Y N Tl 3.8 HTr 39 ND PRBC 200 74 12.2 0.9
71 141 F O+ Y N N Tl 10.8 HyrTr 134 ND PRBC 9750 9.2 134 0.8
72 10.8 F B+ Y N N ™ 9.9 HyrTr 134 ND PRBC 12600 10.6 135 0.9
73 2.8 F O+ Y N N ™ 2.3 HyrTr 15 ND PRBC 800 75 12 1
74 95 F O+ Y N N ™ 8.8 HyrTr 101 ND PRBC 20000 8.9 133

75 13.2 M O+ N Y N ™ 13 HyrTr 263 ND PRBC 36000 8.4 115 14
76 95 F O+ N N N ™ 8.9 HyrTr 110 ND PRBC 6000 9 135 1
77 18.1 M B+ N N b-Tt, Mo- HT 141 HTr 135 ND PRBC 10250 7.8 10 0.8
78 4.2 M B+ Y Y N ™ 39 HyrTr 53 ND PRBC 90 74 11.2 13
79 7.6 M A+ Y N N ™ 7.3 HyrTr 84 ND PRBC 2750 9 135 1
80 6.7 F B+ Y Y N ™ 6.1 HyrTr 88 ND PRBC 500 7.1 11 15
81 4.3 F A+ Y N N ™ 4 HyrTr 43 ND PRBC 200 8.9 134 1
82 1.8 F A+ Y N N ™ 12 HyrTr 12 ND PRBC 150 8.8 133 0.7
83 20.9 M B+ N N N ™ 204 HyrTr 412 ND PRBC 8.5 10.2 11
84 22.3 M O+ Y N N ™ 21.6 HyrTr 315 ND PRBC 8.1 121 14
85 9.8 M O+ Y N N Tl 6.7 HTr 9 ND PRBC 800 9.8 132 11
86 141 F B+ N N N ™ 135 HyrTr 217 ND PRBC 19200 8.5 10 1
87 14.6 F A+ N Y N Tl 3.7 HyrTr 88 ND PRBC 221 6 8.8 12
88 2 M A+ N N N ™ 1.3 HyrTr 12 ND PRBC 900 8.3 12.8 0.9
89 4.1 M A+ Y N N ™ 3.7 HyrTr 40 ND PRBC 210 10.8 135 0.6
90 6.8 M B+ Y Y N ™ 53 HyrTr 66 ND PRBC 400 10.3 135 0.9
91 14.2 M O+ N N N Tl 113 HyrTr 218 ND PRBC 21250 8 133 12
92 9.8 M B+ N N N ™ 95 HyrTr 139 ND PRBC 12000 8.1 116 13
93 5.3 F O+ N N N ™ 5 HyrTr 63 ND PRBC 250 9.9 135 12
94 14.2 F O+ N Y N ™ 141 HyrTr 225 ND PRBC 28750 9.2 11.3 12
95 15 F A+ Y Y N ™ 0.8 HyrTr 9 ND PRBC 600 10.2 135 0.8
96 9.2 F A - Y Y N ™ 8.8 HyrTr 8.8 ND PRBC 6250 8.3 11.7 13
97 214 M A+ Y N N ™ 20.7 HyrTr 250 ND PRBC 40000 9.7 115 11
98 117 F O+ N N N ™ 11.3 HyrTr 158 ND PRBC 19000 6.6 9.6 15
99 6.8 F A+ N N N ™ 6.3 HyrTr 71 ND PRBC 5300 8.5 12.6 1
100 12.3 M AB + Y N N ™ 116 HyrTr 140 ND PRBC 11750 6.5 95 0.8
101 4.1 M A+ N N N ™ 3.7 HyrTr 37 ND PRBC 40 7.1 11.6 1
102 6.9 F O+ Y N N ™ 6.6 HyrTr 91 ND PRBC 1750 8.4 12.3 0.3
103 9.7 F A+ N Y N Tl 4.8 HTr 35 ND PRBC 200 7.2 11.2 0.8
104 7.3 M O+ Y N N Tl 31 HTr 36 ND PRBC 120 4.6 84 0.6
105 11 F O+ Y Y N ™ 9.6 HTr 145 ND PRBC 9600 6.5 9.8 0.9




106 14.6 F AB + Y N N ™ 13.6 STr 105 ND PRBC (O-TB) 5750 7.8 123 2.8 -
107 15.8 F O- Y N N Tl 132 HyrTr 148 D PRBC 17750 7.6 10.6 0.7 -
108 12.6 M B+ N Y N Tl 8.3 HTr 108 D PRBC 7000 8.8 10.6 0.2 -
109 23.8 M B+ Y Y N Tl 23.2 HTr 185 D PRBC 27500 1.7 135 05 +
110 16.1 M O+ Y N N ™ 153 HTr 190 D PRBC (TSW) 28500 6.8 8.2 0.8 +
111 8.1 M B+ Y N N ™ 6.3 STr 79 ND PRBC 1000 9.9 145 15 -
112 12.3 M B+ Y N N ™ 108 HyrTr 133 ND PRBC 10750 9.2 12.3 11 -
113 8.8 M O+ Y N N Tl 57 HTr 76 ND PRBC 200 75 10.4 0.9 -
114 5.8 F A+ Y N N ™ 57 HyrTr 65 ND PRBC 600 7.3 119 14 -
115 8.7 F O+ Y N N ™ 8.3 HyrTr 99 ND PRBC 5000 7.9 10.8 15 -
116 25 M B+ N N N ™ 2.3 HyrTr 21 ND PRBC 900 8.6 131 11 -
117 20.8 M B+ Y N N ™ 18 HyrTr 246 ND PRBC 7.9 9.7 11 -
118 13 M AB + Y N N ™ 10.2 HyrTr 100 ND PRBC 6000 8 109 0.6 -
119 13.7 M A+ Y N N ™ 131 HyrTr 175 ND PRBC 21000 9.1 12.5 1 -
120 6.3 M B+ N N N ™ 58 HyrTr 79 ND PRBC 50 6.8 9.8 1.6 -
121 14.7 M O+ Y N N ™ 145 HyrTr 238 ND PRBC 9 135 12 -
122 14.3 F O+ Y N N ™ 141 HyrTr 206 ND PRBC 24000 9.2 135 12 -
123 4.8 M B+ N N N ™ 4.6 HyrTr 24 ND PRBC 1000 9.4 115 0.8 -
124 5 F O+ N N N ™ 35 HyrTr 45 ND PRBC 90 7.8 135 14 -
125 16.5 F B+ N Y N ™ 155 HTr 205 D PRBC 31500 9.4 111 0.3 +
126 124 F B+ Y N N ™ 121 HyrTr 167 ND PRBC (TSW) 16750 8.8 11.7 1.2 +
127 14 F B+ Y N N ™ 13.7 HTr 173 ND PRBC (O-TB) 23250 4.8 12.9 1.3 +
128 1.9 F AB + Y N N ™ 08 HyrTr 12 ND PRBC 700 8.1 12.6 0.8 -
129 21.3 F AB + Y N N Tl 16.8 HyrTr 212 ND PRBC 24500 9.5 12.1 0.9 -
130 8.4 F O+ N N N ™ 8.2 HyrTr 111 ND PRBC 7000 8.5 12 11 -
131 4.3 F A+ Y Y N ™ 3.9 HyrTr 35 ND PRBC 60 8.2 12.7 0.7 -
132 10.8 M B - Y N N ™ 108 HyrTr 171 ND PRBC 13600 53 8.3 15 -
133 18.7 M B+ Y N N Tl 18.1 HyrTr 90 ND PRBC 500 74 10 15 -
134 8.3 M O+ Y N N Tl 2 HyrTr 34 ND PRBC 800 8.8 135 1.2 -
135 12.8 F A+ Y Y N Tl 5.6 HTr 53 ND PRBC 2400 6.9 9.8 0.3 -
136 16 M O+ N N N ™ 11 HyrTr 11 ND PRBC 60 9.7 135 0.8 -
137 9.7 F O+ N N N ™ 8.3 HyrTr 141 ND PRBC 12000 10.6 135 11 -
138 21 M O+ N N N Tl 193 HTr 254 D PRBC 43200 7.2 9.6 04 +
139 4.6 M AB + Y N N ™ 4.3 HyrTr 41 ND PRBC 320 7.1 115 3.4 -
140 12.2 M O+ Y N N ™ 114 HyrTr 176 ND PRBC 8.2 119 15 -
141 14.6 M B - N N N ™ 132 HyrTr 163 D PRBC 19200 8.7 11.6 0.6 -
142 20.3 M B+ Y Y N ™ 149 HyrTr 241 ND PRBC 27000 9.3 12.6 11 -
143 145 F O+ Y N N ™ 12.9 HyrTr 183 ND PRBC 21500 8.6 12.3 1 -
144 8.9 F O+ Y N N ™ 8.6 HyrTr 120 ND PRBC 9000 8.8 135 12 -
145 7.8 M B+ N N N ™ 74 HyrTr 104 ND PRBC 6250 9.2 135 0.6 -
146 6.4 M O+ Y N N Tl 4.3 HTr 60 ND PRBC 120 7.2 115 0.9 -
147 74 M O- N N N ™ 6.8 HyrTr 84 ND PRBC 2750 75 11.9 1 -
148 16.9 M A+ N Y N Tl 141 HTr 29 D PRBC 2800 74 103 0.9 -
149 3.7 M O+ N N N ™ 3.3 HyrTr 38 ND PRBC 800 7.3 11.8 12 -
150 8.2 F O+ Y Y N ™ 7.7 HyrTr 105 ND PRBC 4200 9.2 121 12 -
151 14.7 F B+ Y Y N Tl 131 HTr 83 ND PRBC 2800 75 10.3 11 -




152 13.8 F B+ N N N ™ 13.2 HyrTr 189 D PRBC 24000 8.3 119 1 +
153 313 M A+ Y N N Tl 255 HTr 179 D PRBC 21750 7.2 8.9 0.2 +
154 95 M O+ Y N N ™ 9.3 HyrTr 113 ND PRBC 8750 8.7 131 12 -
155 22.3 M B+ Y Y N ™ 6.3 HyrTr 163 ND PRBC 7750 8.9 11.8 0.9 -
156 4.5 F A+ Y N N ™ 39 HyrTr 46 ND PRBC 40 9.8 135 0.9 -
157 16.3 M A+ Y N N ™ 151 HTr 219 ND PRBC 28000 7.2 9.2 11 +
158 19.9 F O+ Y N N ™ 193 HyrTr 263 D PRBC 37000 9.8 11.8 0.5 +
159 10.9 M O+ N N N Tl 7.8 HyrTr 109 ND PRBC 2750 9.1 11.9 14 -
160 39 M O+ Y N N ™ 3.6 HyrTr 45 ND PRBC 150 9.1 135 0.9 -
161 141 F B+ Y N N ™ 141 HyrTr 168 D PRBC 19200 8.6 11.9 0.7 -
162 3.8 M O+ Y N N ™ 3.6 HyrTr 47 ND PRBC 100 9.3 135 0.9 -
163 11.8 F A+ Y N N TI 8.8 HTr 76 ND PRBC 3500 4.3 8.1 13 -
164 141 M O+ Y N N ™ 13.7 HyrTr 157 ND PRBC 17500 6.3 9.3 0.8 -
165 9.5 F A+ Y Y N TI 6.1 HyrTr 79 ND PRBC 250 8.6 12.5 1 -
166 7.2 F O+ Y N N ™ 6.9 HyrTr 81 ND PRBC 3000 8.5 131 11 -
167 6.8 M O+ Y Y N ™ 5.6 HyrTr 66 ND PRBC 300 10 135 0.9 -
168 6.8 M B+ Y N N ™ 6.3 HyrTr 76 ND PRBC 800 7.1 11.8 14 -
169 8.3 F O- N Y N ™ 8.1 HTr 108 ND PRBC 7500 5.7 9.4 13 -
170 9.8 F O+ N N N ™ 8.8 HyrTr 83 ND PRBC 4000 7.1 13.2 05 -
171 111 M AB + Y N N ™ 9.8 HyrTr 122 ND PRBC 6600 8.8 131 11 -
172 20.3 M O+ Y N N Tl 166 STr 166 ND PRBC 13000 8.2 12.2 14 -
173 74 M B+ N N N ™ 6.8 HTr 79 ND PRBC (O-TB) 2400 7 11.9 11 -
174 19.2 F B+ Y N N ™ 191 STr 149 ND PRBC 16800 9.3 10.7 0.6 -
175 10.8 F O+ Y N N ™ 10.2 HyrTr 154 ND PRBC 13250 8.1 12.3 1 -
176 12.9 F O+ Y Y N ™ 113 HyrTr 157 ND PRBC (TSW) 15000 9.3 11.7 0.8 -
177 18.8 M B+ N N N Tl 133 HTr 189 D PRBC 31200 6.8 85 0.2 +
178 34 F O- Y N N ™ 3 HyrTr 31 ND PRBC 50 8.9 134 0.7 -
179 9.5 M O+ N N N ™ 9.1 HyrTr 116 ND PRBC 7250 8.8 12.3 12 -
180 10.3 M B - Y N N Tl 7.2 HyrTr 102 D PRBC 52250 8.9 121 0.9 +
181 7.6 M O+ N N N ™ 7 HTr 83 ND PRBC 3500 9.2 135 1 -
182 15.6 M AB + Y N N Tl 85 HTr 131 D PRBC (O-TB) 7500 8 9.7 0.9 -
183 9.7 F O+ Y N N ™ 8.3 HyrTr 113 ND PRBC (TSW) 5000 8.4 11.2 13 -
184 9.9 M A - Y N N Tl 6.2 HTr 104 ND PRBC 2000 75 1154 0.7 -
185 9.5 F O+ N N N ™ 8.6 HyrTr 122 ND PRBC 8500 8.5 12.5 11 -
186 10.8 M B+ N Y N HT 8.1 HTr 65 ND PRBC 400 7.8 114 11 -
187 12.9 M AB + Y N N ™ 12.7 HyrTr 186 ND PRBC 8.2 135 14 -
188 16 F B+ N Y N HT 13 HyrTr 77 D PRBC 600 9.1 11.7 11 -
189 20.5 M A+ Y N N ™ 20.1 HyrTr 274 D PRBC 44000 9.2 11.7 1.2 +
190 34 M O+ N N N ™ 31 HyrTr 35 ND PRBC 100 105 135 0.7 -
191 7.9 F O+ N N N ™ 7 HyrTr 74 ND PRBC 4800 9.8 135 0.9 -
192 16.3 M A+ Y N N ™ 158 HyrTr 257 ND PRBC 32000 7 9.9 0.6 +
193 8.1 M O+ Y N N ™ 8 HyrTr 81 ND PRBC 9000 1.7 121 16 -
194 10.1 M O+ N N N Tl 74 HTr 111 ND PRBC 4750 6.2 10 11 -
195 17.3 M O+ N N N Tl 132 HyrTr 177 ND PRBC 19200 10.8 132 0.5 -
196 22.3 M O+ Y N N ™ 22.1 HyrTr 307 D PRBC 48000 9.9 133 04 +
197 145 M A+ N N N ™ 14 HyrTr 158 D PRBC 19200 7.3 13 0.1 -
198 175 M A+ N Y N Tl 13 HyrTr 194 ND PRBC 17750 75 8.9 12 -
199 7.3 M A - N N N ™ 6.8 HyrTr 79 D PRBC 10000 9 135 11 -
200 28.1 M A+ Y N N ™ 27.8 HyrTr 172 ND PRBC 18250 8.6 11 11 +
201 9.5 M A+ Y Y N ™ 85 HyrTr 120 ND PRBC 8000 7.2 10.2 0.4 -
202 58 M O+ N N N ™ 53 HyrTr 56 ND PRBC 200 9.1 135 1 -
203 8.6 F O+ Y N N ™ 74 HyrTr 112 ND PRBC 8250 7.7 12.7 1 -
204 7.1 M O+ Y Y N ™ 54 HyrTr 63 ND PRBC 400 74 121 13 -
205 5 F O+ N N N ™ 4.8 HyrTr 55 ND PRBC 500 8.7 135 0.9 -




