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ELISA - Enzyme Linked Immunosorbant Assay  

GP – Glycoprotein 

 HLA - Human Leukocyte Antigen  

HPA - Human Platelet Antigen  

LCT- Lympho Cytotoxicity Test  

MAIPA- Monoclonal Antibody Immobilization Platelet Antigens   

PIFT - Platelet Immunofluoresence Test  

PPR – Percent Platelet Recovery 
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SDP – Single Donor Platelet  
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AIMS: 
 

 

(i) To determine the prevalence of platelet alloimmunisation in a group of 

chronically transfused patients with thrombocytopenia refractory to 

the current platelet transfusion using PAK 2 – LE, which is a 

qualitative enzyme linked immunosorbent assay  

 

(ii)  To study the profile of antibodies detected with regard to specificity, 

to either HLA antigens or epitopes on the platelet glycoproteins 

IIb/IIIa, Ia/IIa and Ib/IX or both. 
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OBJECTIVE: 
 

 

 To assess the prevalence of platelet alloimmunisation and to 

characterize the platelet alloantibodies in hematology patients 

refractory to platelet transfusions in an Indian setting. 
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INTRODUCTION: 

  

Platelet transfusion is an essential component of supportive therapy in patients 

with hemato-oncological disorders as many of them present with varying 

degrees of thrombocytopenia leading to bleeding tendencies. These patients 

usually require long term platelet transfusion support. However, repeated platelet 

transfusions may fail to show the desired increment in platelet counts. This is 

called platelet refractoriness. Causes of refractoriness may be multifactorial, 

with 80% being attributed to non immunological causes like fever, sepsis, drugs, 

hypersplenism, or it may be immunologically mediated due to the development 

of alloantibodies. The immunological causes of platelet refractoriness include 

alloimmunization commonly to Human leucocyte antigens (HLA) and lesser to 

Human platelet antigens (HPA). Development of antibodies against HLA and 

HPA antigens can be attributed to prior exposure to previous transfusions, 

transplantation or pregnancy. Patients who receive multiple transfusions are at 

particular risk of alloimmunization. The presence of either of these antibodies 

can result in an inadequate response to platelet transfusions and lead to life 

threatening complications. Pre-transfusion testing for anti- HLA antibodies and 

antibodies to human platelet antigens is not routinely practiced in our institution 

or in India. This is however prevalent in the West among the chronically 

transfused, who are refractory to platelet transfusions for which HLA matched 

platelets can be given as most studies have documented that anti-HLA antibodies 

are more frequently implicated in platelet alloimmunisation. Indian data on 



13 
 

prevalence of platelet alloimmunization is scarce and against this background, 

we wanted to study the prevalence of anti-HLA antibodies and antibodies to 

HPA antigens in a population of chronically transfused hematology patients. 

This can improve the standard of care by providing information as to whether 

anti HLA or HPA antibodies are more frequently seen in our population and help 

guide policy regarding having HLA / HPA typed platelet donors, if required for 

chronically transfused patients who are sensitized and refractory to platelet 

transfusions.  

In our study the prevalence of platelet antibodies was assessed in hematology 

patients refractory to the current platelet transfusion. Further, the prevalence of 

antibodies to HLA and HPA antigens were defined. 

 

 

 

 

  

 

 

 

 



14 
 

REVIEW OF LITERATURE: 
 

PLATELETS: 

Platelets are anucleate cells which are usually in a range of about 2 to 4 microns 

in diameter and have a volume of 6 to11 femtolitres. In 1882 Bizzozero 

identified platelets anatomically and assigned its roles for both hemostasis and 

thrombosis. 

THROMBOPOIESIS: 

Megakaryopoesis commences with hematopoietic stem cells that differentiate 

into cells of the platelet lineage and this process includes proliferation, 

maturation and terminal differentiation of megakaryocytic progenitors (1).  

Megakaryocytes after production undergo a process of endomitosis in which 

polyploid megakaryocytes are formed and begin a rapid cytoplasmic expansion 

and maturation phase. This ends in the release of circulating platelets from the 

cytoplasm of the megakaryocytes. It was Wright (2) who recognised that 

megakaryocytes gave rise to platelets. He also described the phenomenon of the 

detachment of plate-like fragments or segments from the pseudopod processes of 

megakaryocytes. It was Thiery, Bessis and Behnk, who later went into detail and 

described the processes involved in platelet formation and the way cytoplasmic 

processes extended from megakaryocytes during the process. Reorganisation 

into proplatelets which are beaded cytoplasmic extensions requires 

reorganization of megakaryocytic cytoplasm in the last stages of platelet 
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development (3). It is only as proplatelets form, that developing platelets get 

surrounded by plasma membrane. The process of maturation of proplatelets 

results in platelets that are similar to platelets found in blood both structurally 

and functionally (4) (5). The proplatelets extend into the sinusoidal spaces and 

here they undergo detachment and fragmentation into individual platelets. This 

process gives rise to approximately 2000 to 5000 new platelets per cell. (6) 

 

Figure: 1 Platelet production from a megakaryocyte 
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PLATELET STRUCTURE: 

Platelets are discoid in shape and the smallest cells in circulating blood with a 

diameter of 2.0 to 5.0 microns and a mean cell volume of about 6 to 10 

femtolitres (fl). The life span of the platelet is 7-10 days. 

 

 

Fig 2: Platelet structure  
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The platelet ultra structure is divided into four arbitrary regions or zones:  

    1. Peripheral zone.  

    2. Structural zone.  

    3. Organelle zone.  

    4. Membrane systems.  

Peripheral zone: 

The peripheral zone is composed of a cytoplasmic membrane, which is covered 

on the exterior by a fluffy surface coat called glycocalyx membrane. The 

glycocalyx membrane is covered with both major and minor glycoprotein 

receptors, which aids in facilitating adhesion of platelets  to the damaged 

surfaces,  triggers platelet activation, and promotes both aggregation as well as 

cellular element interaction(7). These processes accelerate the formation of a 

clot. The cytoplasmic membrane has a trilaminar structure consisting of a bilayer 

of phospholipids embedded with integral proteins.  

Structural zone: 

The structural zone consists of microtubules and network proteins. The function 

of the structural zone is to maintain the discoid shape of the platelet in resting 

state and to provide a means of change in the shape when the platelet is 

activated. 
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Organelle zone: 

This zone has three types of organelles namely alpha granules, dense bodies 

(dense granules), and lysosomes. This zone plays a pivotal role in energy 

metabolism. Few mitochondriae are also seen in the platelet cytoplasm.  

 Alpha granules:  

It is the maximum number of organelles seen in platelets about 30-50 in number 

which can be visualized by both light microscopy and electron microscopy.  

Fibrinogen, fibronectin, VWF, platelet factor V, platelet thrombospondin, 

PDGF, Factor V, VIII, and beta thromboglobulin are the contents of these 

granules. 

Dense bodies: 

Platelet dense bodies have great variation in appearance and are few in number 

as compared to alpha granules. Generally a platelet contains 4-8 dense bodies. 

These bodies contain ATP, ADP, calcium, magnesium, serotonin, and 

pyrophosphate 

It has been shown that it is the calcium in these bodies and the complexes that it 

forms along with the pyrophosphate and serotonin that contributes to the opacity 

of the dense bodies as seen on an analytical electron microscope.  
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Membrane system: 

There are two types of membrane systems - an open canalicular system and 

dense tubular system. The open canalicular system is the membrane that 

surrounds the twisted channels leading from the platelet surface to the interior of 

the platelet. The dense tubular system is one of the storage sites for calcium. 

Integral proteins: 

The integral proteins serve as a receptor for stimuli involved in platelet function. 

In the resting stage of the platelets, GPIb-IX and GPIIb-III receptors cover the 

outer surface of the platelet, which also has GPIb-IX complex (8). In high shear 

injury, there is exposure of the vascular endothelium followed by the GPIb-IX 

binding with von Willebrand factor. GPVI and integrin α2β1 are the two 

collagen receptors that stabilize the attachment. Glycoprotein receptor VI and Ib-

IX complex activates the GPIIb-IIIa complex. This GPIIb-IIIa complex binds 

with fibrinogen and forms the secondary haemostatic plug. There is also 

formation of platelet aggregates by additional recruitment of platelets on the 

damaged surface. 

PLATELET ANTIGENS: 

Platelet contains several antigens on the surface of the cell. 

1. ABH blood group antigens 

2. Human Platelet antigens (HPA) 
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3. Human leukocytes antigen (HLA) 

ABH blood group antigens: 

 It is an important non platelet specific antigen system on platelets. Platelets have 

both extrinsic and intrinsic ABH antigens. The amount of ABH substance that is 

present on platelets varies from an individual to an individual and between 

platelets in the same individual. This variability in distribution has been 

demonstrated on group A substance on platelets using the flow cytometry 

technique. This can explain why there is rapid destruction of a subset of ABO 

incompatible cells in some platelet transfusions, while some of the remaining 

cells survive almost normally (9,10). A higher recovery is seen with group B 

platelets as compared to group A platelets. The possible reason for this could be 

that group B individuals have lower levels of B antigens on the surface of donor 

platelets and lower levels of group B antibodies are seen in the blood group A 

recipient plasma (11, 12). The extrinsic ABH antigens are adsorbed on the 

platelet membrane from the plasma, which is under the control of two genes 

namely the secretor (Se) and the Lewis (Le) genes. Approximately 5 - 10% of A, 

B and AB blood group individuals express high levels of A or B substance on 

their platelets. These people are designated as ―high-expressers‖ and is inherited 

as a dominant trait with elevated glycosyltransferase activity(12). The platelet 

glycoproteins GpIIb, GpIIIa, GpIb/IX, GpIV, GpV express majority of the A, B 

and H antigens on platelets. The GpIa/IIa expresses most of the ABH substance 

per GP molecule (12), (13). 
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The patient‘s antibody titers and the donor A, B antigen mismatches are the two 

important factors which contribute to platelet transfusion incompatibility.  ABO 

incompatibility is most commonly seen when platelets from group A individuals 

are transfused to those who are group O. The repeated exposure of ABH 

incompatible platelets can further exacerbate these effects through immune 

stimulation, which can lead to increase in antibody titres and development of 

anti-HLA antibodies.  

Many studies have observed and documented how ABO incompatibility affects 

platelet transfusion therapy. Heal et al observed that in 40 patients with 

hematological disorders who received platelet transfusions, a significantly poor 

response was observed in a group of patients who received ABO mismatched 

transfusions as compared to patients who received ABO compatible platelets 

(14). This effect was most significant in the first ten transfusion episodes and 

showed a tendency for predicting alloimmunisation and platelet refractoriness in 

the subsequent transfusions. Platelet refractoriness was also more prevalent in 26 

patients who received ABO unmatched platelets by a study conducted by Carr et 

al. (15). When group A1 or A1B platelets were transfused to O group recipients 

with high titre antibodies, it resulted in low platelet recoveries(10). Lee and 

colleagues found that the increment was much lower after repeated ABO major 

mismatch transfusions than in ABO identical transfusions (16).  

ABO mismatched platelet transfusions yielded one-third of the platelet recovery 

as compared to those with ABO identical transfusions by a study done by 
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Jimenez and associates (17). Laura L. W. Cooling et al studied expression of 

ABH in 166 apheresis platelet donors by three methods which included flow 

cytometry, Western blotting, and chromatography relative to donor age, sex, A 

subgroup, and phenotype of the Lewis antigens (18). In the A/O major mismatch 

allogenic progenitor cell transplantation, they found that group A2 platelets were 

superior to other group platelets. Nadine Shehata, Alan Tinmouth, et al  did a 

systemic review of 100 citations and found that ABO-identical platelet 

transfusion appeared to reduce the frequency of platelet refractoriness compared 

to ABO non identical platelet transfusions (19).  

The mechanism for platelet destruction in ABO incompatible transfusions could 

be because circulating immune complexes (CIC) are formed. This is secondary 

to an interaction between soluble ABH antigens of the patient and antibodies 

from the transfused donor plasma.  The CIC that is formed binds secondarily  to 

the Fc receptor of the macrophages or to the platelet complement i.e. C3 binding 

membrane protein (20). The second reason could be that the IgM and IgG anti A 

or anti B which is present in the patient‘s serum bind to the A and B substances 

on the transfused donor platelets, leading to their early removal from the 

circulation.  

Although other red cell antigens like Le
a
, Le

b
, I, i, P, Pk, and Cromer antigens 

associated with decay accelerating factor  are also found on platelets, there is no 

evidence that antibodies to these antigens significantly reduce platelet survival in 

vivo(21). 
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Human platelet antigens (HPA): 

It was Vondem Borne and Decary in 1990 who adopted the nomenclature system 

of human platelet antigens (HPA). HPA refers to a platelet-specific alloantigen 

when it has a molecular definition.  Grouping of HPAs into systems has been 

based on having alloantibodies to define an antigen and its antithetical 

alloantigen. These are then confirmed at a molecular level. As of now, 24 

platelet-specific alloantigens have been defined by immune sera (22). Twelve of 

these are grouped into six biallelic systems (HPA-1,-2, -3, -4, -5, -15). For the 12 

remaining antigens, alloantibodies against the antithetical antigen have not yet 

been discovered. The molecular basis of the 22 of the 24 serologically defined 

antigens has been confirmed and these antigens have been designated as HPA 

antigens. A single amino-acid substitution, which is caused by a single 

nucleotide polymorphism (SNP) in the gene encoding the relevant membrane 

glycoprotein, determines the difference between self and non-self.  
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Table: 1. Alloantigen polymorphisms of platelet glycoproteins 

HPA system     Antigen    Glycoprotein Alloimmune syndrome 

HPA 1    HPA - 1a GpIIIa NAI, PTP. 

      HPA - 1b  NAIT,PTP, Platelet 

refractoriness 

HPA 2     HPA - 2a GpIb -α  

     HPA - 2b      Platelet refractoriness 

HPA 3     HPA - 3a GpIIb  

     HPA - 3b   

HPA 4      HPA - 4a GpIIIa NAIT,PTP 

      HPA-4b  NAIT,PTP 

HPA 5      HPA-5a GpIa  

      HPA-5b  Platelet refractoriness 
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HPA6      HPA-6bw GpIIIa NAIT 

HPA7     HPA-7bw GpIIIa NAIT 

HPA8     HPA-8bw GpIIIa NAIT  

HPA9     HPA-9bw GpIIb NAIT 

HAP10     HPA-10bw GpIIIa NAIT 

HPA11      HPA-11bw GpIIIa NAIT 

HPA12      HPA-12bw GpIbβ  

HPA13      HPA-13bw GpIa  

HPA14     HPA-14bw GpIIIa NAIT 

HPA15      HPA-15a CD109  

      HPA-15b   

HPA16     HPA - 16bw Gp IIIa NAIT 

HPA 17     HPA - 17bw GpIIb / IIIa  
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The clinically significant HPA-1a and HPA-1b antigens are present on the 

platelet membrane GpIIIa. 

HPA alloantibodies are involved in the following clinical conditions: 

 Refractoriness to platelet transfusions 

 Post-transfusion purpura (PTP) 

 Feto-maternal and neonatal alloimmune thrombocytopenia 

(FMAIT/NAIT) 

 

The specificity of HPA antibodies which result in platelet refractoriness has been 

established in a only in very few studies. The HPA antibodies were directed 

against the alloantigens HPA 1b, 5b and 2b which are seen less frequently (25). 

Sanz C, Freire et al reported that the frequency of HPA antibodies is not 

precisely known but is estimated to be approximately 5-15%, often in 

combination with HLA antibodies(26). A study conducted on 252 patients with 

hematologic-oncologic diseases, 20 (08%) patients developed antibodies to 

human platelet antigens with clear specificity. The antibodies were directed 

mainly against HPA 5b, followed by HPA 1b and HPA 5a (27).  This study 

correlated with the findings of the TRAP study done earlier, in which the most 

common platelet alloantibody was directed against HPA 1b (28). An Indian 

study done in Postgraduate Institute of Medical Education and Research, 
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Chandigarh, on 50 patients with hemato-oncological disorders who received 

multiple transfusions reported an overall incidence of 66% with of 60% for anti-

HLA antibodies (29). 

Human leukocyte antigens: 

The short arm of chromosome 6 contains the HLA system which is situated 

within the human major histocompatibility complex (MHC). Depending on the 

coding gene, locus and function, HLA antigens are divided into Class I and 

Class II antigens. The HLA Class I region contains, classical genes HLA-A, 

HLA-B, and HLA-C along with  HLA-E, HLA-F,HLA-G, HLA-H, HFE, HLA-J, 

HLA-K, HLA-L,MICA, and MICB. The latter genes encode non classical antigens 

or Class Ib, and have limited polymorphism with low levels of expression and 

are not involved in platelet therapy complications.   

Class I HLA molecules are situated on most of the nucleated cells and platelets 

(30). Most of the HLA antigens are platelet integral membrane proteins while 

smaller amounts may be adsorbed from surrounding plasma. Platelet membrane 

does not have the Class II HLA molecules. 

Recently it was found that, among the Class I molecules, only the HLA-A and -

B locus antigens were significantly represented. HLA-C is also expressed as 

same density as HLA A antigen. However antibodies to HLA C antigen do have 

a significant effect on the platelets that are transfused (31, 32). 
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Both patient and blood component factors play a role in determining the risk of 

developing HLA antibodies. Patients who were transfused and who were 

exposed to allogenic HLA antigens previously either by transfusion or 

pregnancy developed HLA antibodies much faster than those who were not 

exposed previously (33, 34, 35). The underlying illness for which the patient 

requires platelet transfusion also determines the rate of alloimmunisation. 

Patients who underwent chemotherapy for AML were more likely to be 

developing alloantibodies than patients who were being treated for ALL. 44% of 

patients in the AML group developed anti- HLA antibodies as compared to 18% 

in the ALL subgroup in a study conducted by Lee et al. (36). The number of 

platelet units and the type of platelet products both, also determine the rate at 

which alloimmunization develops. There is discrepancy in literature regarding 

dose response relationship between platelet transfusion and risk of 

alloimmunisation. Transfusion trials on humans suggest that between the number 

of exposures and the risk of alloimmunisation there exists a dose response 

relationship. The use of apheresis platelets (which provide platelets from a single 

donor in adequate doses) rather than pooled platelet concentrates can result in 

fewer exposures to donor platelets. (37). HLA antibodies that are detected before 

the initiation of transfusion therapy (either during a previous transfusion or 

pregnancy) tend to persist in transfusion therapy being given currently. On the 

other hand, antibodies that develop in a de novo fashion during a current 

transfusion support period are more likely to be temporary and short lived. They 

tend to reduce in strength despite continued exposure to blood and cellular blood 
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products (38). Leucocytes in blood and platelet transfusions are the source of 

primary immunization and the rate of alloimmunisation is about 19 to 71% when 

non leukocyte reduced platelet concentrates are used as compared to leukocyte 

reduced platelet concentrates (39, 40). Studies have shown that 38-60% of 

patients develop alloantibodies following multiple transfusions.  The prevalence 

of HLA antibodies and HPA antibodies was found to be 42.9% and 8% 

respectively in a study done on 252 multi- transfused hemato-oncological 

patients (41). In a study done in 144 pregnant women in Nigeria, the total 

prevalence rate of antibody production was 60%. Among the positive samples, 

41% had human platelet antibodies (HPA) and 18.8% had HLA class 1 

antibodies (42). In a prospective study done on 117 cardiac surgery patients, the 

prevalence of HLA alloimmunisation was found to be 17.9% as compared to 

platelet specific antibodies which was only 1.7%. Pregnancy also poses a greater 

risk of alloimmunisation (43). Pre-sensitization of females to HLA antigens 

during pregnancies (multiple) increases the risk of alloimmunisation. HLA 

alloimmunisation was observed in 44% of female patients with hematological 

malignancies and a history of pregnancy although leukocyte reduced transfusion 

was given (44, 45). Leukocyte depletion of blood products by filtration and 

ultraviolet B radiation can significantly reduce the incidence of 

alloimmunisation. A multicentric prospective study by ‗The Trial to Reduce 

Alloimmunization to Platelets Study Group‘ (TRAP) reported a prevalence of 

45% alloimmunisation in patients who received blood components which were 

non-leukocyte reduced as compared to 17 to 21% in patients who received 
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leuco-reduced blood components. Similar results were also shown by R. Fontao 

– Wendel et al which reported a higher percentage of alloimmunisation in 

cardiac patients receiving non leukocyte depleted products (7-30%) as compared 

to hematological patients receiving leukocyte depleted products (3-12%) (46).  

When selecting HLA matched platelets, different levels of matching can be used 

in the absence of a HLA identical donor as shown in the table below. 

 

Table: 2 Degree of matching for HLA matched platelets  

MATCH GRADE  DESCRIPTION  Examples of donor 

phenotypes for a recipient 

who is A*1, 3; B*8, 27 

A 4 antigen Match A*1,3;B*8,27 

B1U One antigen unknown or blank A*1,-; B*8,27 

B1X One cross reactive group A*1,3; B*8,7 

B2UX One antigen blank and one cross 

reactive 

A*1,-; B*8,7 

C One mismatch antigen present A*1,3;B*8,35 
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D 2 or more mismatch antigen 

present 

A*1,32;B*8,35 

R Random  A*2,28;B*8,35 

 

Dahlke MB et al compared 100 transfusion that were HLA A-matched and B1U- 

or B2U-matched with 307 transfusions that were B1X- or B2X-matched and 

observed platelet increments. They concluded that 43% of platelets provided as 

HLA matched were relatively poor grade B or C matches(47). Corrected count 

increment increased with transfusion of B1U/B2U HLA matched platelets in 

patients with low CCI due to allosensitisation(48). 

THROMBOCYTOPENIA: 

A platelet count below 1, 50,000 is defined as Thrombocytopenia. The normal 

range is observed between 1, 50,000 to 4, 50,000/ul 

Depending on the platelet counts thrombocytopenia is classified into three 

types(49). 

1. Severe – 5,000-20,000/ul 

2. Moderate – 20,000-50,000/ul. 

3. Mild – 50,000-1, 00,000/ul. 
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Causes of thrombocytopenia are as follows (50) 

1. Impaired platelet production  

2.  Platelet sequestration and 

3.  Platelet destruction  

Impaired platelet production: 

Impaired production of platelets can be due to causes that may congenital or 

acquired, of which acquired causes are the more common. A decrease in the 

production of platelets is characterized by normal mean platelet volume, normal 

platelet size on peripheral smear, and low reticulated platelets on flowcytometry 

(51). Bone marrow biopsy and aspirate is helpful to diagnose the underlying 

disease condition causing thrombocytopenia. Hematological and non 

hematological malignancies are the most common conditions associated with 

acquired impaired platelet productions. 

 Platelet destruction: 

Causes of platelet destruction are immune or non immune. In immune mediated, 

both auto and alloantibodies to the HPA and HLA antigens are the commonest 

cause for platelet destruction. The major autoantibodies causing platelet 

destruction are associated with GpIIb/IIIa  and less likely with GpIa/IIa.  
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There are three mechanisms involved in platelet destruction.  

1. The autoantibodies bind to platelets and remove the platelets prematurely 

through Fc receptor (FcγR) mediated phagocytosis by the spleen, macrophages 

and reticuloendothelial system. 

2. In vitro binding of autoantibodies with complement which leads to 

complement-mediated platelet lysis  

3. Direct platelet lysis by T cells (52)  

Alloimmune thrombocytopenia is caused by alloantibodies which are formed 

against platelet antigens, and platelets are cleared by the reticuloendothelial 

system.  

Common examples for alloimmune thrombocytopenia include  

1. Passive Alloimmune thrombocytopenia   

2. Platelet refractoriness   

3. Neonatal alloimmune thrombocytopenia (NAIT)   

4. Transplantation-associated alloimmune thrombocytopenia  

5. Post Transfusion Purpura (PTP) 
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Platelet sequestration: 

Normally about one third of the platelets are sequestered in the spleen. 

Splenomegaly due to any cause such as infection, portal hypertension from liver 

disease, benign and malignant infiltrative disorders results in splenic platelet 

pooling. In patients with splenomegaly, more than 90% of the platelets can be 

sequestered in the spleen (53). Thrombocytopenia associated with splenic 

sequestration alone is usually not associated with bleeding. 

Platelet count with life span: 

The life span of platelets in healthy individuals is 9.5 ± 0.6 days. There appears 

to be an association between platelet lifespan and degree of thrombocytopenia 

with lifespan being shorter if there is a greater degree of thrombocytopenia. Life 

span of platelets is independent of the count when the platelet count is higher 

than 1, 00000/ul. When the platelet count is 50,000-1, 00,000 life span is 

reduced to 7.0± 1.5 days and 5.1± 1.9 days when the count is below 50,000/ul. 

Approximately normal platelet turnover per day is 41200/ul with a daily fixed 

platelet consumption of 18% i.e. 7200/ul which is required to maintain the 

integrity of the vessel wall. When the platelet counts are normal / high ( 

>100000/ul)  this  standard amount of  platelet consumption which is about 

7200/ ul/day does not impact the overall platelet half life as reflected in the 

circulation. However once platelet counts decreases (<100000/ul), despite the 

same number of platelets being utilized, as a proportion of available platelets, it 
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is reflected as a much larger amount being utilized  for daily vascular support 

and integrity and therefore it appears that overall platelet survival decreases (54). 

Platelet transfusions: 

Prophylactic platelet transfusion is given to maintain the platelet count above a 

particular limit when the patient is not actively bleeding nor consuming platelets 

due to infection, DIC. Numerous studies have shown that a platelet count of 

10,000/ul is the minimum count required in patients who are stable with 

thrombocytopenia, including patients with leukemia (55, 56). For patients with 

mild bleeding, like epistaxis or oozing from gums, a platelet count above 

20,000/ul is adequate.  In case of severe hemorrhage, as in GI bleeding, a platelet 

count above 50,000/ul and for neurosurgical or ophthalmic bleeding, a platelet 

count above 1, 00,000 is required. (57)  

RECOMMENDATIONS FOR PLATELET TRANSFUSIONS (BCSH-

2003) (58): 

 In patients in whom there are no risk factors, such as high fever, minor 

bleeding, a threshold of 5X10
9
 ⁄ l is considered appropriate. This avoids 

unnecessary transfusions leading to alloimmunisation and subsequent platelet 

refractoriness. 

 Without additional risk factors, such as sepsis and deranged coagulation 

parameters, 10 x 10 
9 
is the minimum threshold required.  
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 Bone marrow biopsy as well as aspiration can be performed without any 

platelet transfusion.  

 A platelet count of 50x 10 
9 

/L should be maintained for lumbar puncture, 

anesthesia in the epidural space, gastroscopy and biopsy, cannulation of central 

venous and arterial lines, biopsy from transbronchial tree and liver, abdominal 

surgery and/or similar procedures.  

 In brain or eye surgeries; the threshold of platelet should be above 

100X10
9
 ⁄ l.  

 It is recommended that platelet rich concentrates be transfused over a 

period of 30 minutes. In pediatric patients with thrombocytopenia the rate of 

infusion should be 20–30 ml ⁄ kg ⁄ hour. 

Platelet dose: 

For children less than 20 kg, the platelet dose is 10–15 ml ⁄ kg.  When the child 

weight is more than 20kg, an adult platelet dose can be used (58). 

Dose of platelets (X10
9
) can be calculated from the formula given below  

Platelet dose = PI x BV x F
-1

                                                                              

PI- Desired platelet increment. 

BV- Blood volume in liters. 
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 F- Correction factor (F) of 0.67 to allow for pooling which is approximately 

33% of transfused platelets in the spleen.  

PREPARATION OF PLATELETS: 

Platelets can be prepared from whole blood or by apheresis from a single donor. 

Platelets can be prepared from whole blood by the following methods. 

1. Platelet rich plasma method (PRP) 

2. Buffy coat method (BC) 

PRP method: 

 450ml of blood is collected in a triple bag and spun at 747g for 12 

minutes at 22
o
 C. 

 Using the plasma expresser, plasma is separated and transferred into the 

satellite bag.  

 This platelet rich plasma is centrifuged again at 3373g for 25 minutes at 

22
o
 C in Rota Silenta and maximum volume of plasma is removed. 

Buffy coat method:  

 450 ml of blood is collected in a quadruple bag and spun at 3373g for 10 

minutes at 22
o
C (high speed centrifugation).  



38 
 

 With the help of Thermo automatic component extractor (T-ACE) buffy 

coat with platelet bag is separated from the primary bag.  

 The bag is hung for 1 ½ hours then centrifuged at low spin (800 rpm for 8 

minutes).  

 With the help of T-ACE the platelet bag is separated and the buffy coat 

discarded. (59)   

Volume of the platelet concentrates obtained from whole blood is approximately 

50-60ml. The platelet counts have to meet minimum quality standards and 

should contain more than 5.5 X 10
10

 per unit or about 60% to 75% of the 

platelets from the original whole blood unit. Platelets are stored in platelet 

shakers with continuous agitation at 20-24
O
 C to promote gas diffusion and to 

maintain adequate normal consumption of oxygen by platelet. (60). Platelets 

were initially stored in containers made with polyvinylchloride (PVC) with di-

(2-ethylhexyl) phthalate as the plasticizer. This allowed adequate oxygen and 

carbon dioxide to diffuse across their walls thus enabling platelets to be stored at 

room temperature for up to three days following which the pH markedly 

decreased to unacceptable levels. Hence second generation containers were 

developed to store platelet concentrates for atleast 7 days without decreasing the 

pH to deleterious levels (61). Second generation containers are manufactured 

from PVC or polyolefin that is plasticized with triethyl hexyl trimellitate and 

butyryl-tri-hexyl citrate. This allows double the oxygen permeability when 

compared to the first-generation containers (62). Bacterial contamination has 
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been a major deterrent and hence storage time is still optimized to 5 days 

because prolonged storage at 20 to 24 
o 

C (63) was associated with a higher 

incidence of bacterial sepsis. Synthetic storage solutions have been developed 

called platelet additive solutions (PAS) which have been used for platelet 

storage. These PAS are generally composed of different combinations and 

concentrations of glucose, acetate, phosphate and citrate which have been found 

to have both separate and interactive effects on platelet metabolism during 

storage (64). 

 Platelet additive solution (PAS) results in 1) Greater recovery of plasma from 

donations of whole blood to be used for transfusion or fractionation, 2) 

minimizes the adverse effects due to plasma and 3) improves platelet storage 

(65). Platelet additive solutions also reduce the WBC contents of the platelet 

concentrate and this can prevent HLA alloimmunisation.  

Plateletpheresis: 

Apheresis is a term from Greek that means ―to separate or remove‖. After 

entering the donor details such as donor height, weight, hematocrit and platelet 

count, phlebotomy is done under sterile aseptic precautions and blood is 

removed, anticoagulated and infused directly to the cell separators, where it is 

separated into specific components. In plateletpheresis once the components 

have been separated, a portion of the donor platelets and plasma is collected in 

the collection bag and the RBCs and remaining plasma is infused back into the 
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donor. The platelet yield is related to the donor‘s initial platelet count, amount of 

blood processed and the volume of the collected product. 

PLATELET REFRACTORINESS: 

Platelet refractoriness is defined as a lack of response in post transfusion 

platelet increments after two or more consecutive transfusions of an 

adequate dose of allogenic ABO compatible platelets (66). This leads to a 

shortened half life of the donor platelets in the circulation of the recipient. To 

determine platelet refractoriness, the platelet count needs to be done between 10 

to 60 minutes after the completion of the transfusion. The absence of a response 

at this immediate point indicates refractoriness from an immunological cause. 

Causes of refractoriness are multifactorial, with 80% of refractoriness being 

predominantly due to non immunological causes.  

 Non immunological causes: 

Sepsis, fever, DIC, recent bone marrow transplantation, splenomegaly, major 

bleeding, drugs like Amphotericin, Vancomycin, heparin etc. are examples of 

non immune causes. These conditions will reduce the platelet recovery in 

patients who receive platelet transfusion.  

In patients who have undergone bone marrow or peripheral blood stem cell 

transplantation, the factors which cause adverse platelet transfusion outcomes 

are vaso-occlusive disease (VOD), GVHD, high bilirubin levels, total body 

irradiation (TBI), and high serum Tacrolimus or Cyclosporine levels (67). 
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A prospective study done by Mark-David Levin et al (68) on low platelet 

recovery associated with immune and non immune on 97 hematological patients 

who received 181 leucodepleted platelet transfusions revealed that several non-

immune factors such as gender, clinical diagnosis, medical therapy, 

splenomegaly, fever (>38.2 deg C), disseminated intravascular coagulation 

(DIC), graft versus host disease (GVHD), Amphotericin B infusion and storage 

time were associated with poor platelet recovery. Of the nonimmune causes, 

splenomegaly and storage time of platelets for more than 3 days were associated 

with low platelet counts after 1 h and 16 h in 29% and 47% of all platelet 

transfusions, respectively. Patients with CML showed poor platelet recovery 1 

hour and 16 hours when compared with AML patients. Other non-immune 

factors such as DIC, fever and GVHD showed no correlation with platelet 

recovery(68). 

 Immunological causes: 

Immunological factors involved in platelet refractoriness are antibodies which 

are directed against the antigens of the ABO blood group system, HPA and or 

HLA present on the donor platelet membrane (69). The antibodies that develop 

in response to these antigens can bind and react with the transfused donor 

platelets resulting in decreased platelet survival and platelet function.   
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Figure 3: Causes of platelet refractoriness 

For patients with hematological disorders requiring chronic platelet support, the 

incidence of alloimmunization is estimated to be about 20–60% (70). Factors 

like hematological malignancy, chronic blood exposure or platelet transfusions 

are not absolutely necessary for the development of alloimmunisation as it is 

been observed that surgical patients develop anti- HLA antibodies following a 

single transfusion episode with multiple RBC units. However, there are a 

significant number of patients who do not become alloimmunized despite 

repeated exposure to platelet transfusions (71).  

Platelet refractoriness can be associated with the following adverse outcomes 

(72)  

 Fatal bleeding  

 Longer hospital stay 

 Higher in patient hospital costs 

 Inferior survival 

Immune factor 20% Non immune factors 80% 

Alloimmune to 

HPA.10-20% 

Alloimmune to 

HLA 80-90% 

Alloimmune to both 

HPA &HLA 5% 

Autoimmune 

unknown  

 

Sepsis, fever, DIC, active 

bleeding, splenomegaly, 

etc. 

Platelet refractoriness 
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 Transfusion of ABO mismatched platelets also increases the incidence of 

platelet alloimmunisation. ABO incompatibility is defined as the presence of A 

or B antibodies in the recipient serum to donor A or B antigens. A study done by 

Carr R et.al showed that 69% (nine out of thirteen) patients who received ABO 

mismatched platelets became refractory to platelet transfusion (median onset on 

Day 15) compared to only 8% ( one out of 13) who were given ABO matched 

platelets (15). The mechanisms for platelet refractoriness include the 

development of alloantibodies to the mismatched antigen and the nonspecific 

stimulation of the immune system. It is therefore recommended to use ABO-

matched platelets whenever possible, especially for patients with hematologic 

disorders who are likely to receive greater number of platelet transfusions over 

time. The TRAP (Trial to reduce alloimmunisation of Platelets) study also had 

similar findings (33).  

When platelet alloimmunisation occurs, HLA antibodies are usually the first to 

be detectable within the first 8 weeks of the initiation of transfusion support (71).  

However there is no obvious dose response relationship between the number of 

platelet components transfused and percentage of patients being immunized (73). 

Antibodies may not be detectable in some alloimmunized individuals, even with 

ongoing exposure to antigens (38). On the other hand, in others, the antibodies 

can persist for many years after the last transfusion (70). One of the probable 

reasons for the absence of previously detected antibodies could be the 

development of immunoregulatory factors such as the formation of antiidiotypic 

antibodies (74). In addition, not all the alloantibodies detected are significant as 
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only a small number of the alloimmunized patients, approximately 30%, 

eventually develop refractoriness to platelet transfusions (75). Both the platelet 

components transfused and recipient factors play a role in platelet 

alloimmunisation and refractoriness as revealed by clinical studies. 

 Pathophysiology of platelet refractoriness: 

Alloimmunization is defined as an immune response of a recipient against 

tissues or transfused cells from genetically different donors. It is these immune 

responses which are primarily responsible for destruction of transfused platelets. 

Generally the initiation of alloimmunisation is by the T cell recognition 

mechanisms in the recipient. .  

There are two pathways of alloimmunisation. 

1. Direct pathway 

2. Indirect pathway  

Direct pathway:  

In the direct pathway, recipient T cell receptors interact directly with the donor 

HLA antigens without the donor antigens being processed by the antigen 

presenting cells in the recipient. Direct allosensitisation requires three basic 

components – binding of the antigen to the antigen receptor, local elaboration of 

cytokines and appropriate cytokine receptors and the binding of costimulatory 

molecules mediating cell-cell contact. Alternatively, Class-II-positive donor 



45 
 

APCs can carry, within their peptide-binding groove, oligopeptides which 

represent the cell‘s own HLA Class I antigen. T cell receptor (TcR) of recipient 

CD4+ T cells interacts directly with the major histocompatibility complex 

(MHC) class II molecules on the donor antigen presenting cells (APC). This 

ultimately results in T-cell activation. The activated CD4+ T cells helps the B- 

cells to differentiate into plasma cells thereby leading to the production of anti-

MHC class I antibodies. Leucoreduction of platelet components contributes in 

removing this pathway (69, 76). 

 

 

 

 

 

 

 

 

 

Figure 4: Model of platelet alloimmunisation due to direct and indirect 

allorecognition 
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Indirect pathway: 

In the indirect pathway, the allogenic proteins present on the donor platelets are 

taken up by the host antigen presenting cells. Then they are processed and 

presented to major histocompatibility complex (MHC) class II molecules on the 

recipient APC‘s which then results in alloantibody production (69, 77). Helper 

T-cell receptor-mediated recognition of this complex in the recipient results in 

production of cytokines, which helps B lymphocytes to proliferate and produce 

antibodies. These antibodies bind to donor platelet antigens and this results in 

premature destruction in vivo. Ultraviolet (UV) B irradiation of APC‘s interferes 

with the costimulatory signals and this contributes to the effectiveness of UV 

irradiation in reducing the rate of HLA alloimmunisation. (28)  

Assessing platelet refractoriness: 

In the evaluation of the response of the patient to platelet transfusion, the post 

transfusion platelet count plays an integral role. After transfusion with adequate 

dose of platelets, a low platelet count increment indicates either increased 

utilization or increased clearance due to immune mediated platelet destruction. 

The corrected count increment (CCI) and the percent platelet recovery (PPR) are 

the two determinants used to estimate the post transfusion platelet count 

increment for the patient‘s blood volume and for the number of platelets in the 

platelet unit. The CCI and the PPR are ratios in which the platelet count 

increment is multiplied by the patient‘s blood volume and divided by the platelet 

yield in the transfused donor component (78).  
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The response to platelet transfusions can be evaluated by the following 

measures: 

a.   Absolute platelet increment (API).  

b.   Corrected count increment (CCI).  

c.  Recovery of platelets in percentage (PRP). 

The API is calculated by the formula:  post transfusion platelet count minus pre 

transfusion platelet count.  

CCI is one of the preferred formulas used to evaluate the response to a platelet 

transfusion because corrected count increment  adjusts for the patient‘s blood 

volume and the yield of the donor unit transfused (79).The expected increment 

takes into account the number of platelet units transfused as well as the 

recipient‘s body surface area. The one -hour corrected count increment (CCI) is 

a widely acceptable tool used to assess platelet refractoriness (80). It is important 

to note that factors such as the number of platelets in the platelet component 

transfused, the viability of the platelets in the unit along with the dilution of 

platelets in the patient‘s blood volume will affect the final post transfusion 

platelet count.  

The corrected count increment is calculated with the pre and post-transfusion 

platelet counts, body surface area (BSA) and number of platelets in the 

component transfused (78,79). 
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                (Post transfusion – Pretransfusion platelet count/ul) × BSA (m
2
)                                                            

                                     Number of platelets in the unit × 1011. 

BSA = Body surface area and the unit is m
2
.   

The body surface area is calculated using the the DuBois and DuBois formula 

(81), which is 0.00718 × height (cm) 
0.725

× weight (kg)
0.425

.  The formula used to 

calculate BSA is as follows 

BSA = a × H
b
 × W

c
, (BSA is expressed in m

2
, W is weight expressed in kg, H is 

height expressed in cm, and a, b, and c are constants). This is a commonly used 

formula to measure the surface area of a sphere and cylinder (78). These 

constants were also used in the TRAP study and they have  also been used to 

estimate blood volume (82).  

 Unsuccessful platelet transfusion.  

Unsuccessful platelet transfusion was defined as a 1-hour post platelet 

transfusion CCI below 7500 and/or a 24-hour post platelet transfusion CCI 

below 4500 (83).  

 Platelet refractoriness 

The TRAP study has defined platelet refractoriness as a 1 hour corrected count 

increment of less than  5000 on two consecutive occasions, using ABO 

compatible fresh platelets (28). 

CCI = 
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 Platelet percentage recovery (PPR).  

PPR of < 20%  at 1 hour post transfusion and a PPR < 10%at 16 hours post 

transfusion indicates a refractory response (84). 

The actual units of the CCI is m
2
/ul X 10

11
, but CCI is an index and typically 

written without units. The adequacy of platelet transfusion response is 

determined by CCI between 10 minutes and 1 hour after the platelet transfusion. 

Corrected count increment of ≥ 7500 between 10 minutes to 1 hour post 

transfusion represents recovery of atleast 20-30% of platelets. Values below this 

level are usually associated with accelerated platelet destruction. Repeatedly low 

corrected count increment between 10 minutes to 1 hour is usually associated 

with immune causes (85). However some alloimmunized patients have good 

increments with incompatible platelets.  A CCI which is calculated 18 to 24 

hours after the transfusion of platelets is approximately 60% of the 1hour CCI. 

This is equivalent to a recovery of more than 15%. A low CCI at 18 to 24 hours 

after a normal CCI at 1 hour has been interpreted as non immunological cause 

which is due to increased consumption rather than an immune cause. In some 

patients however, it can indicate immune destruction (85). 

Platelet transfusion response can also be measured by the platelet recovery 

percentage (PRP) (23). 
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                                                       Count increment x Estimated BV in ml x 103 

                                                       Number of platelets transfused 

  Studies have shown that the 1 hour PRP is approximately 66% in normal 

autologus platelet donors (85). A one hour recovery of less than 20% to 30% 

post transfusion is indicative of refractoriness. 

Adequacy of response to transfusion of platelets is determined by calculating the 

corrected count increment between 10 minutes and 1 hour after the transfusion. 

Expected values are CCI more than 7500, which reflects a platelet recovery 

percentage (PRP) of about 20% to 30%. A PRP below this level is usually 

indicative of  accelerated platelet destruction (86). 

 

 

 

 

 

 

 

 

Platelet recovery percentage = 
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Table 4: Definitions of platelet refractoriness 

Definitions Formulas Values  suggestive of  

platelet refractoriness 

Absolute platelet increment 

(API) 

Post transfusion-pre 

transfusion platelet count 

API <5/μl per unit of whole 

blood derived platelets at 60 

min 

Corrected count increment Count increment x BSA 

Platelet yield in the unit  

 CCI <7500/μl  at 10–60 

min 

 CCI <5000/μl  at 18–24 h 

Percent platelet recovery Count increment× TBV) 

Platelet yield in the unit  

PPR <20%  at 60 min, 

PPR <10%  at 16 hrs 

 

Current guidelines for management and prevention of platelet 

refractoriness: 

The current guideline for the management and prevention of platelet 

refractoriness is transfusion of HLA matched platelets. 

The primary cause for immune mediated platelet refractoriness is 

alloimmunisation to Class I HLA antigens. Kenneth K et al demonstrated that 
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about 90% of alloimmune refractory patients benefited from HLA matched 

family member platelet transfusions. One of the disadvantages in HLA matching 

is the presence of cross reactive groups (CREGs). It is defined as antibodies 

directed against shared ―public‖ epitopes. Selection of platelet donors who have 

similar antigens within the same cross reactive groups as that of the patient, has 

been found to be successful in supporting alloimmune platelet refractory 

patients. In refractory patients who are alloimmunized, the best increases in 

corrected count increment occur when the subset of grade A and B1U or B2U 

HLA-matched platelets are transfused (87). 

About 7% to 8% of multi transfused patients develop antibodies against HPA 

antigens and many of these patients also develop anti-HLA antibodies (69). 

Kekomaki S et al demonstrated six patients who were highly alloimmunized to 

HLA antigens. These patients also developed alloantibodies to human platelet 

antigens HPA-1b or HPA-5b and were successfully transfused with a pool of 

HLA-matched platelets that were also typed for the HPA antigens (88). 
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Figure 5: Management of platelet refractoriness 
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Platelet refractoriness secondary to alloimmune causes could be overcome by the 

use of drugs such as intravenous IgG, Vinblastine, CyclosporineA,  vinblastine 

loaded platelets,  immunoadsorption with staphylococcal protein-A columns, and 

the use of platelets treated with citric acid to remove class I HLA epitopes (89). 

 Tests to detect antibodies to HLA/HPA antigens:  

Platelet antibody assays were started later as compared to serological assays 

which were used to detect immunological disorders that involve red blood cells. 

This was mainly because it is difficult to separate platelets from whole blood 

samples and to identify antibody dependent endpoints from non-specific changes 

which may occur in platelets because of the conditions in which the assay was 

done. Unlike agglutination and red cell lysis which could be easily detected and 

used as endpoints in red cell immunological assays, the tests used to detect 

antibodies to platelet antigens required techniques which could estimate the 

release of platelet contents. Assays which involved direct interaction of 

immunoglobulin with platelets are also described.  

There are three phases of platelet antibody detection methods that have been 

developed. (90) 

 Phase I assays involve adding of donor platelets to patient sera and 

analyzing endpoints which measure the function of platelets such as the alpha 

granule release, platelet aggregation, or agglutination.  
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 Phase II assays involve the measurement of platelet immunoglobulin – 

PAIG (either surface or total) which could be assessed on the platelets of 

patients or on normal platelets sensitized with patients‘ sera.  

 Phase III solid-phase assays include tests which involve binding of 

antibodies to individual  and specific platelet surface glycoproteins  on a solid 

phase platform 

 

Table 5:    Platelet antibody assays  
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MIXED PASSIVE HEMAGGLUTINATION ASSAY: 

It is a Phase II assay which can be used in the detection of platelet 

alloantibodies. Shibata et al. was the first to use this method to detect and 

identify clinically significant platelet alloantibodies (91). In this assay, intact 

platelets are immobilized in the round-bottom wells of a microtitre plate and 

then incubated with the patient‘s serum. If antibodies are present in the patient 

serum, it will bind to the antigens on the microtitre plate. After washing, detector 

red cells are added which are coated previously with an antibody specific for 

human immunoglobulin. Following incubation for several hours to overnight, 

the tray is centrifuged and the results are visually examined. If the antibody is 

bound to the immobilized platelets, the indicator red cells are distributed evenly 

to form a diffuse pattern like a ―carpet‖ over the antibody-coated platelets. In a 

negative reaction, the indicator red cells form a pellet at the bottom of the well 

(90). 

 

Figure 6: Depicting positive and negative reactions in MPHA 

Mixed passive hemagglutination assay is sensitive tool and it can be used to 

identify antibodies to both HLA and HPA antigens in patients refractory to 
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platelet transfusions. (92) Platelet specific antibodies cannot be distinguished 

from non platelet specific antibodies using this assay as it utilizes intact platelets 

as target cells. This is the main limitation of this assay.  

FLOWCYTOMETRY: 

This is a phase II assay in which platelets are washed and are then sensitized 

with the patient or control serum for one hour at room temperature. Following 

this the platelets are washed multiple times to remove non-specific antibodies. 

The platelet-bound antibodies are detected with a fluorescent-labeled 

(fluorescein isothiocyanate––FITC) polyclonal or monoclonal antibody specific 

for human immunoglobulin. Results are analyzed in the flowcytometer and are 

expressed as a ratio of the mean or peak channel fluorescence of normal platelets 

sensitized with patient serum compared to that of normal platelets incubated in 

the normal serum. To prevent non-specific binding of the antibody bound probe 

via the Fc receptors on the target platelets, the probe antibodies are enzyme 

treated to remove the Fc end of the molecule. Therefore, binding of the labeled 

probe is via its antigen binding end or F (ab) end. A second fluorescent label like 

Phycoerythrin (PE) can be attached to a probe containing anti - IgM to detect 

IgM platelet specific antibodies. 

The flurochromes FITC and PE fluoresce at different wavelengths, with peak 

light intensities when exposed to the monochromatic argon laser in the flow 

cytometer (520 nm green light and 580––red–orange light, respectively). Hence 

the cells labeled with FITC can be distinguished from those labeled with PE. 
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Anti-IgG and anti-IgM labeled with different flurochromes can be added to the 

same tube which contains washed sensitized platelets for the simultaneous 

detection of both IgG and IgM antibodies.  

 

Figure 7: Reactivity of negative (interrupted lines) and positive 

(continuous lines) control sera with platelets 

Flow cytometry is a very sensitive method used for the detection of platelet 

alloantibodies and can detect very small number of antibody molecules bound to 

platelet. This is especially useful in detecting alloantibodies specific for antigens 

of the HPA-5 system which have only 1000–2000 sites per platelet. 
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Alloantibodies to labile epitopes such as the HPA-3a antigen can be detected on 

intact platelets using flowcytometry which is difficult to be detected with Phase 

III assays (93). 

MONOCLONAL ANTIBODY SPECIFIC IMMOBILISATION OF PLATELET 

ANTIGENS (MAIPA): 

It is one of the Phase III assays commonly used to detect platelet-specific 

antibodies and was first described in 1987 by Keifel et al (94). This assay 

involves the use of murine monoclonal antibodies (MCAs) that recognize the 

target antigens. However these monoclonal antibodies do not compete with the 

human antibody that needs to be detected. The monoclonal antibodies are 

commercially available and are usually directed against platelet GPs IIb/IIIa, 

Ia/IIa, Ib/IX, IV (CD36) and HLA class I molecules. In this assay, the target 

platelets are sensitized simultaneously with the antibody present in the recipient 

serum and a monoclonal antibody (MCA) recognizing the desired target 

molecule on the platelet surface. After the initial step of sensitization, these 

platelets are then washed and solubilized in a non-ionic detergent. Following this 

it undergoes centrifugation to remove cytoskeletal fragments. The aliquot of the 

supernatant lysate is added to the wells of a microtitre tray containing 

immobilized goat antibody-specific for mouse IgG. In this way the monoclonal 

antibody is captured along with the human antibody which is bound to the 

platelet surface glycoprotein. This is followed by a awash step, where the human 
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antibody is detected with a probe containing an enzyme labeled goat anti-human 

immunoglobulin.  

 

Figure 8: Monoclonal antibody Immobilisation platelet assay 

(MAIPA) 

Advantages:  

 MAIPA is specific  because the monoclonal antibody (MCA) used to 

immobilize the immune complexes are specific for platelet GPs  

 It can identify antibodies specific for each of the platelet surface 

glycoprotein (GPs) involved 
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 Because of the large amount of Ag-Ab complex present in the supernatant 

of the platelet lysate, this assay helps in the detection of trace amount of 

antibody. (95) 

Limitations:  

 It is a laborious assay and takes about six to eight hours to perform.  

 Presence of false negative results can occur due to competition between 

the monoclonal antibodies (Mo-Abs) and the  human antibodies for the same or 

closely related epitopes and or if the monoclonal antibodies recognize an epitope 

which is modified by lysis. 

 A disadvantage described with MAIPA is the presence of human 

antibodies reacting with mouse antibodies, causing false positive results. Hence 

it is recommended that the incubation with human serum be done after washing 

with the monoclonal antibodies. A problem noted with this step is that low 

affinity antibodies may be lost during the washing phase (95). 

ANTIGEN CAPTURE ASSAYS: 

It is a phase III assay which uses murine monoclonal antibodies (MoAbs) which 

are specific for the different platelet glycoproteins. Platelet lysate is added to the 

microtitre wells coated with monoclonal antibodies which fix the platelet 

glycoproteins. The human plasma that needs to be tested is incubated in these 

wells. The wells are washed and a radiolabelled monoclonal antibody to human 
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IgG is added. Positive results will be observed if the radiolabelled monoclonal 

antibody attaches to the human antibody in the patient‘s serum.  

Disadvantages:  

 Autoantibodies can bind after platelet lysis  

 When the platelet lysate is prepared, some of the target antigens on the 

platelet glycoproteins can lose their conformation and give rise to false negative 

results. 

  A high background signal can also arise due to non-specific reactions due 

to attachment of human antibodies to the surface of the microtitre wells (96). 

 

 

Figure 9: Antigen capture assays 

In an attempt to overcome these problems, the immunobead assay and the 

MAIPA assays were developed. In the immunobead and the MAIPA assay, the 
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binding of the autoantibodies occurred before platelet solubilization. This will 

prevent the loss of epitopes during this procedure. In the immunobead assay, the 

sensitized platelets react with a particular monoclonal antibody after they have 

been lysed. This immobilizes the immune complex. In the MAIPA assay, the 

monoclonal antibody is added simultaneously with the human antibody that 

needs to be tested. In MAIPA, the immune-complex is attached to the microtitre 

well which is coated with an antibody to mouse IgG. For both the assays the 

availability of monoclonal antibody specific for the particular glycoprotein is a 

prerequisite.  

MODIFIED ANTIGEN CAPTURE ELISA (MACE):   

This is a variation of MAIPA. In this test the platelets are first sensitized with the 

serum to be studied. Following this washing and solubilization is done and the 

immune complexes are formed. The complexes are made up of the antibody 

present in the patient serum and platelet GPs. This complex is then captured by 

immobilized monoclonal antibody specific for the glycoprotein of interest. The 

immobilized human antibody is detected with a secondary antibody linked to an 

enzyme after washing (90). A similar technique, designated the ‗‗immunobead 

assay‘‘ uses polystyrene beads which immobilize immune complexes instead of 

microtitre wells. 
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Figure10: Modified Antigen Capture Elisa (MACE) 

Advantages: 

 It can exclude non platelet specific reactivity because the MCA 

immobilizes the immune complex which is specific for platelet 

glycoproteins.  

 Human antibody cannot bind to the immobilized murine MCA 

because the sensitization step is separate from the immobilization step.  
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IMMUNOBLOTTING:  

The autoantigens to platelet glycoproteins was first detected using the 

Immunoblotting method (97). In this method, glycoproteins are obtained after 

solubilisation with sodium dodecyl sulfate of whole platelets. Platelet 

membranes can also be separated according to their molecular weight by 

polyacrylamide gel electrophoresis (SDS-PAGE). The glycoproteins are then 

transferred to a nitrocellulose sheet. Human serum or plasma is then added 

which react with the glycoproteins that are immobilized on the nitrocellulose. 

After incubation and washing, the protein band to which the antibody is bound is 

detected by an anti human globulin labeled with a radioactive probe. Anti human 

IgG can also be linked to an enzyme which will result in a color reaction (97) 

 

Figure 11: Immunoblotting
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The molecular weight of the positive protein is determined by using molecular weight 

standards which are run at the same time. Immunoblotting has been used for 

autoimmunity, alloimmunisation, and isoimmunisation. When the antigen is unknown, 

this assay can be especially useful.  

Limitations: 

 All antibodies cannot be visualized. 

 It uses denatured antigens treated with sodium dodecyl sulfate and boiled. This 

can destroy conformation dependent epitopes and will only allow linear epitopes to be 

detected.  

 Occasionally multiple bands are detected and it becomes difficult to assess true 

positive reactions.  

Immunoblotting is therefore more suitable for confirmatory purposes and for the 

detection of alloantibodies than for autoantibodies.   

BEAD BASED PLATELET ANTIBODY DETECTION ASSAY:  

The PAKLx (Lifecodes products, HOLOGIC/Gen-Probe) is a bead-based technique 

which is used for the detection and specification of antibodies against antigens located on 

GPIIb/IIIa—HPA-1a, -1b, -3a, -3b, -4a, and -4b; on GPIb/IX—2a and 2b; on GPIa/IIa—

5a and 5b; GPIV and HLA Class I (bead coated with affinity purified HLA Class I 

obtained from a PLT pool). Ten microlitres of patient‘s serum is incubated with forty 

microlitres of pooled beads is incubated for 60 minutes. This is followed by washing with 
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the wash buffer four times. After this 50 μL of Phycoerythrin labeled anti-human IgG is 

added. Following 30 minutes of incubation, a Luminex instrument is used to measure 

antibody binding. Specific software is used to determine if a result is positive. For each 

negative control the mean fluorescence intensity of the individual bead is divided by the 

MFI. Following this, the background adjustment factor is subtracted for the appropriate 

bead/ control bead combination (98). The performance of this newly developed luminex 

bead based assay was compared to MAIPA of 194 sera by Leendert et.al which showed 

that 93% of the results of the PAKLx were in concordance with MAIPA which is 

considered as the gold standard in detecting platelet antibodies. The advantages of the 

PAKLx assay are that it is fast, easy to perform, and a sensitive platelet antibody 

screening method. 
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METHODS AND MATERIALS: 
 

SETTING: 

 

 The study was conducted in Christian Medical College, Vellore, Tamil Nadu.  It is 

a 3000 bed teaching hospital providing tertiary medical care to the residents of 

Vellore and surrounding districts of Tamil Nadu, Andhra Pradesh and Kerala.  It 

also serves as a referral centre for patients from rest of India and South East Asia. 

This prospective observational study was carried out in the Departments of 

Transfusion Medicine and Immunohematology and Clinical Haematology.  The 

study was approved by the Research and Ethics committee of the Institutional 

Review Board, Christian Medical College, Vellore. 

 

 This study was conducted over a period of one year, spanning from July 2014 to 

June 2015.  The objective was to determine the prevalence of anti-HLA and 

human platelet antibodies in a group of chronically transfused patients. The study 

group included patients who had received atleast 5 cellular transfusions in our 

hospital, previously. They were recruited when they failed to show a platelet 

increment following the present platelet transfusion.  
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 In this study we used the PAK- 2LE kit from Immucor GTi. It is a qualitative 

enzyme linked immunosorbent assay that is designed to detect IgG antibodies to 

HLA class I antigens and to epitopes on platelet glycoproteins Ib/IX, IIb/IIIa, and 

Ia/IIa. 

SAMPLE SIZE: 

 

Sample size was estimated to be approximately 80 patients. 

A review of literature shows that in hematological patients who require chronic platelet 

support, the prevalence of alloimmunization is estimated to be about 20-60% (70).  

 

 

 

 

Expected  Proportion         0.45     0.5 0.5 0.5 0.5 

Precision (%) 

          
        05    05 10 7.5 11 

Desired confidence 

level  (1- alpha) %        95    95 95 95 95 

Required sample size        380 
                  
384 96 171 79 

The required sample size to show a prevalence of alloantibodies which 
 is expected to be 50% with a precision of 11%  
and 95% confidence interval was found to be 80 subjects 
n = 4Pq/d^2 
P = 50% 
d - 11% 
Q = 100-P 
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PARTICIPANTS:  

80 Patients with hematological disorders, and a prior history of multiple transfusions 

(minimum of 5 cellular transfusions) were included in the study, when they did not 

achieve an adequate platelet increment within 24 hours of the present platelet transfusion. 

Inclusion criteria: 

Patients registered in the Hematology department (all age groups) fulfilling ALL of the 

following criteria were included.  

- A minimum of five blood transfusions in the past. 

- Thrombocytopenia attributed to bone marrow failure (aplastic anemia, 

chemotherapy and radiotherapy) and bone marrow infiltration (hematological/non 

hematological malignancy with bone marrow metastasis) or both. 

- A baseline pre-transfusion platelet count (done within the previous 24 hours)  

- Platelet transfusion received in the previous 24 hours 

 

Exclusion criteria: 

1. Patients with sepsis, splenomegaly, bleeding, fever and consumptive coagulopathy 

or microangiopathic hemolytic anemia, as these can cause non immune platelet 

refractoriness. 

2.  Patients with auto immune thrombocytopenia. 
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3. Patients on drugs producing antiplatelet and antileukocyte antibodies 

(Sulphamethaxazole, Quinine, Quinidine ,Vancomycin,, Cepalothin, Piperacillin, 

Methicillin  and other sulfa drugs). 

4. Patients who have already been included in the study 

 

Corrected count increment (CCI) calculation to assess platelet refractoriness 

Corrected count increment is one of the methods used to evaluate a response to platelet 

transfusion. It adjusts for the patient‘s blood volume and the yield of the unit transfused. Of the 

patients who met the inclusion criteria, a 24 hour platelet count was assessed to determine if the 

patient was refractory to the current platelet transfusion by calculating the corrected count 

increment. The 24 hour platelet count post transfusion is routinely done on hematology patients 

to assess the platelet increment.    

 Pre-transfusion platelet count was obtained from patient investigation records.   

 Body surface area was calculated using patient height and weight.  

 Post-transfusion platelet count after 24 hours was also obtained from the patient records.  

 Platelet yield was calculated using the segment of the donor platelet unit used for the 

respective patient and used as the denominator.  
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The corrected count increment was calculated by using a standard formula. 

 

CCI = (Post transfusion - pretransfusion platelet count/µl) × Body surface area (m
2
) 

                                Number of platelets in the component × 10 
-11 

Body surface area (BSA) is calculated using the DuBois and DuBois formula 

BSA= 0.00718 × height (cm)
 0.725   

× weight (kg) 
0.425 

 

 

Definition for successful and unsuccessful platelet transfusion: 

A commonly accepted definition of an acceptable platelet count increment is a corrected 

count increment of > 7500 measured one hour post transfusion and a CCI > 5000 twenty 

four hours post platelet transfusion (23). 

A 24 hour CCI > 5000 platelets/µl is defined as a successful transfusion and 24 hour CCI 

< 5000 is defined as refractoriness to platelet transfusion.  

 

Additional blood sample in EDTA for antibody testing: 

 If the patient was found to be refractory to the current platelet transfusion which 

was assessed on the basis of corrected count increment (24hr CCI< 5000), an 
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additional 4 ml of blood sample was collected in EDTA anticoagulant. An 

informed consent was taken from each patient to perform the test after clearly 

describing the purpose of the study. A separate assent form was used for children. 

This included a verbal assent from the child along with the signature of the parent/ 

guardian.   

 Plasma was separated and stored at – 80 
o 
C and underwent testing in PAK – 2LE 

as a batch of 11 tests per kit later.  
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Flowchart for methodology: 

The figure below shows a diagrammatic representation of how our patients were recruited into 

this study.  

 

 

Figure 12: Flowchart to demonstrate the methodology of this study 
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Detailed description of the methodology used in the study: 

 Pre-transfusion and post transfusion platelet count: 

The patient‘s pre-transfusion and post transfusion platelet count was obtained from the 

patients investigation records. The platelet count was performed on Unicel DxH 800 cell 

counter in the Department of Transfusion medicine laboratory of CMC Vellore (which 

undergoes daily internal QC checks three times a day and calibration once in six months).  

 Segment of the donor platelet unit used for the respective patient:  

One ml of platelet concentrate was collected in an Eppendorf tube from the platelet 

segments while issuing the platelet unit and stored in the platelet shaker at 22-24°C until 

it was used later to assess the platelet yield. All the platelet products were prepared from 

buffy coat or platelet rich plasma method. These included both random and single donor 

platelets which were irradiated with 25Gy using Cobalt 60 (BI2000) gamma irradiation to 

prevent transfusion associated graft versus host disease. 

 

 Blood sample in EDTA collected for antibody testing:  

An additional 4 ml of blood sample in EDTA was collected if the patient was found to be 

refractory to the present platelet transfusion after informed consent was obtained. 

Refractoriness to platelet transfusion was defined as a 24 hour CCI < 5000. (Information 

sheet - Annexure 2, Consent form- Annexure 3, and Children assent form – Annexure 4) 
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Blood was collected with 23 G needle after cleaning the site with spirit and with the help 

of staff nurses in the Hematology wards and OPD. After 4 ml of blood was collected, 

adequate pressure was applied with sterile cotton to make sure that there was no further 

bleeding from the phlebotomy site. Plasma from this sample was separated and stored at -

80°C for platelet antibody testing as batch tests later using the PAK-2LE assay. 

 

 Definitions regarding random donor platelet and single donor platelet 

transfusions:   

Random donor platelets are processed from 450 ml of whole blood with integrally 

attached transfer bags through a single venipuncture ensuring rapid and uninterrupted 

flow of blood. Platelets are prepared by a process of differential centrifugation. Platelet 

rich plasma is separated from whole blood by low spin centrifugation, followed by heavy 

spin centrifugation whereby the platelets get concentrated and the supernatant plasma is 

removed. The collected blood can be stored at room temperature (20-22 deg C) for a 

maximum of 6 hours before processing. The platelet rich concentrate should have a count 

of >5.5X10
10

 per unit and the pH should be > 6.0. 

Single donor platelet (SDP) is processed from a single donor by apheresis method and the 

RBC, WBC and plasma that remain are returned back to the donor.  

 

 



77 
 

Essential criteria for SDP donor:  

 Age: 18-65 years 

 Weight : > 60kgs 

 Hemoglobin : ≥12.5g/dl 

 Hematocrit : > 37.5 

 Platelet count : ≥150000 

The blood volume to be calculated is based on donor‘s body weight (70ml/kg body wt) 

and not more than 15% of total blood volume (TBV) should be extra-corporeal. The 

product bag should yield a minimum of 3×10 
11

 platelets which is equal to 4-6 random 

platelet concentrates. 

 

PAK-2LE assay:  

Purpose:  This is a qualitative enzyme linked immunosorbent assay (ELISA) done on a 

solid platform which is designed to detect IgG antibodies to HLA class I antigens and to 

epitopes on the platelet glycoproteins IIb/IIIa, Ib/IX and Ia/IIa. 

Principle of PAK 2-LE: 

Patient serum or plasma can be used. It is added to the microwells coated with HLA and 

platelet glycoproteins. This allows the antibody, if it is present in the recipient, to bind. 

Antibodies that are not bound are then removed by the washing process.  Anti- human 
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immunoglobulin labeled to alkaline phosphatase (Anti- AHG) is added to the wells and 

incubated. Following this washing is done to remove the anti-IgG that is not bound and 

then the substrate PNPP (p-nitrophenyl phosphate) is added. This is then incubated for 30 

minutes. After this, the stopping solution is used to stop the reaction. A 

spectrophotometer is used to read the optical density of the color that develops. 

The maximum number of tests that can be done with one kit is eleven.  

Materials provided: 

1. 12- 1x8 color coded microwell strips with holder 

2. 1x 50 ml Concentrated wash 

3. 1x 14 ml Specimen diluents 

4. 1x 14 ml Substrate Buffer 

5. 1x 14 ml Stopping solution 

6. 1x 80 microlitres Anti-Human IgG Conjugate 

7. 3x 50 mg PNPP (p- nitrophenyl phosphate) substrate  

8. 1x 0.7 ml Positive Serum Control 

9. 1x 0.7 ml Negative Serum Control 

10. 6 Plate Sealers 
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Additional materials required: 

1. Test tubes for control dilutions, and patient sample and for reagent samples.   

2. Transfer pipettes 

3. Adjustable micropipettes to deliver 10-100 microlitres and 100-1000 microlitres and 

disposable tips   

4. Timer 

5. Microplate reader capable of measuring OD at 405 or 410 and 90 nm 

6. De-ionized or distilled water 

7. Absorbent paper towels 

8. Microplate washer or device 

9. Centrifuge capable of separating serum or plasma from patient samples 

10. 37
0 

C waterbath or incubator 

Reagents: 

1. Microwells: Flat bottom microwell strips which have been immobilized with platelet 

and HLA glycoproteins 

          3- 1x8 GREEN strips containing HLA class I glycoprotein 

          3-1x8 BLUE strips containing GpIIb/IIIa 
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          3-1x8 YELLOW strips containing Gp Ib/IX glycoprotein     

          3-1x8 WHITE strips containing GpIa/IIa glycoprotein  

2. Concentrated wash: Tris ( hydroxymethyl)aminoethane buffered solution which 

contains sodium chloride and Tween 20,1% sodium azide) 

3. Specimen Diluent:  Phosphate buffered saline solution which contains bovine albumin 

and mouse serum. 0.1% sodium azide 

4.  Substrate Buffer: Solution contains diethanolamine and magnesium chloride. Keep in 

a dark area.  

5. Stopping solution: Ready for use 

6. Conjugate: Alkaline phosphatase which is conjugated to goat affinity purified 

antibody to human immunoglobulin IgG. 

7. PNPP substrate: Crystalline powder. Reconstitute in distilled water and dilute in 

substrate buffer before use. Keep in a dark area.   

8. Positive serum control: Human serum with. 0.1% sodium azide. 

9. Negative serum control: Human serum with 0.1% sodium azide. 

 

Procedure: 

1. All the reagents have to be brought to room temperature 

2. Working wash solution: This is made by diluting the concentrated wash. One 

volume of concentrated wash is added to nine volumes of distilled water and this is 

mixed well. 
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3. Using the recording sheet, each sample is assigned a location consisting of two 

rows so that each sample can be done in duplicate.  

4. Prepare controls and samples  

 

 Specimen diluent Volume sample 

Positive control 
150 microlitres 50 microlitres 

Negative control 
300 microlitres 100 microlitres 

Patient sample 
450 microlitres 150 Microlitres 

  

5. 300 microlitres of working wash solution is added to all wells. The plate is allowed to 

stand in room temperature for ten minutes. 

6.   Decant the contents of the microtitre plate using force if necessary and invert and 

invert it on to an absorbent towel or paper to prevent drying. 

7. To the wells designated add 50 microlitres of the diluted controls and samples  

     Samples or reagents should not be added to the blank wells. 

8. Incubate for thirty to thirty five minutes in a 37
o 

C water bath after sealing the 

microwells with a plate sealer.  
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9.  Wash step – add 300 microlitres of working wash solution. Following this aspirate or 

decant. Washing is repeated for 3-4 times. Decant vigorously to remove residual solution. 

Invert on absorbent towel to prevent drying.  

10. Dilute the conjugate 1 to 100 in specimen diluents 

Strips 4- 1×8 12 - 1×8 

Conjugate 20 microlitres 60 microlitres 

Specimen diluents 2ml 6ml 

 

11. 50 microlitres of the diluted conjugate is added to all the wells EXCEPT those which 

have been marked ‗BLANKS‘. 

12. Incubate for 30 to 35 minutes in a 37
O 

C water bath 

13. Wash step – so that unbound anti-IgG will be washed away. 

14.  Preparation of PNPP substrate 
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Strips 4 – 1 × 8 12 – 1 x 8 

Substrate 40 microlitres 120 microlitres 

Substrate buffer 4ml 12ml 

 

15. Add 100 microlitres of the diluted PNPP solution to all the wells EXCEPT those 

designated as BLANKS. 

16. Incubate at room temperature in the dark for 30 minutes (22 to 25
o 
C) 

Incubation time and temperature after addition of PNPP is a very important step. 

The established time or temperature should not be varied.   

17. Add 100 microlitres of the Stopping solution in the same manner as addition of 

substrate. 200 microlitres of Stopping solution is added to the blanks.  

18. The absorbance of each well is read at 405 or 410 nm using a reference filter of 490 

nm. The wells should be returned to a dark area for up to 30 minutes if the results cannot 

be read immediately.   

19. Subtract the values obtained in the blank wells from the control and all sample wells.   

20. Record the results in the recording sheet 
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Platelet antibody assay - PAK-2LE:  

The PAK-2LE solid phase ELISA has 96 microwells to which HLA and platelet 

glycoproteins have been immobilized. The microwell strips in Green contain HLA Class 

I glycoproteins, Blue strip contains GpIIb/IIIa glycoproteins, Yellow strip contains 

GpIb/IX glycoproteins and White strip contains GpIb/IX glycoproteins.  

 

 

Figure 13: PAK-2LE solid phase ELISA used in the study.  
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Figure 14: Test results on PAK-2LE. Positive reactions (yellow color) and 

negative reactions (colorless) of one of the batches done in the study 

Quality control: 

Quality control of PAK-2LE is determined by including both positive and negative serum 

controls. Each of the test runs should include these controls. 

 

Criteria for a valid test:  

 Negative control Positive 

control 

Mean OD 
≤  0.175  ≥ 1.500   

Positive 

reactions 

Negative 

reactions 
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OD readings which are obtained from duplicate test results should fall within 20% of the 

mean of the two values. If the results fall outside his limit the samples must be retested.   

 

Note: Poor duplicates could be the result of sample or reagent omission, uneven 

temperature during incubations, uneven addition of reagents, and stray light during the 

final incubation or cross- well contamination.   

 

Interpretation of test results: 

 

Test results which show OD value equal to or greater than 2 times the negative control 

values of the corresponding glycoprotein will be interpreted as positive results.   

 

Limitations: 

 The presence of non specific immune complexes in the patient sample can result in an 

increase in non specific binding and thus result in false positives.  

 Antibodies with low titre and low avidity may not be detected by using this assay. 

 IgM or IgA antibodies are not detected by this test. 

 This test may detect some non- cytotoxic HLA antibodies which do not react in the 

lymphocytotoxicity assay (LCA). 
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 Erroneous results can occur if reagents are contaminated with bacteria and chemicals, 

inadequate incubation time, under or over centrifugation, improper washing of the wells, 

omiting test reagents, exposure to higher or lower than prescribed temperatures or 

omission of steps or exposure of substrate to stray light,   

 This test may not detect antibodies to low incidence HLA class I antigens. 

 

Performance Evaluation: 

Each lot of PAK-2LE is tested with samples known to contain antibodies reactive with 

glycoproteins as well as samples known to be free of antibodies before release to ensure suitable 

reactivity and specificity.  

                                                           COMPARATIVE METHOD                     

                                                                 Positive                  Negative               Total 

 

                                                

 

 

Positive 

 

 97 

 

      

  05 

  

  102 

 

Negative 

    

      13 

 

 

      266 

 

   279 

  

 Total 

 

 

      110 

 

      271 

 

   381 

PAK-2LE 
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Agreement: 95.3% 

Co-positivity: 88.2%                       Co-negativity: 98.2% 

Comparative method: Reverse Passive Hemagglutination Assay (RPHA) 

 

The reverse passive hemagglutination assay (RPHA) uses whole intact platelets for detecting 

antibody and hence can give positive results to any antigens expressed on platelets. The targets 

for antibody detection which are used in PAK-2LE however are individual glycoproteins and 

thus red cell antigens such as Lewis will not be detected by it. 

  

Statistical analysis: 

The SSP version 17.0 software was used for statistical analysis.  P value of ≤ 0.05 was 

considered to be significant. The categorical variables were analyzed with the Chi- square 

test and the continuous variables with Kruskal-Wallis and Mann- Whitney U tests. The 

continuous variables were summarized using Mean, Median and Standard deviation and 

the categorical variables by using frequencies and percentages.   
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RESULTS: 
 

BASELINE CHARACTERISTICS: 

Gender: 

A total of 80 patients who were found to be refractory to platelet transfusions were 

analyzed in the study period from July 2014 to June 2015.  Of these 80 patients, 54 were 

males (68%) and 26 were females (32%). 

 

Figure 15: Gender distribution in our study population  

 

Males Females

54 (68%)
26 (32%)
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Age of participants: 

The distribution of patients based on age was as follows: 

< 18 years: 13 (15%) 

18-40years: 36 (45%) 

41-60 years: 27 (34%) 

61-80 years: 05 (06%) 

The majority of patients was between 18-40 years (45%) and the age group of 61 years 

and above had the least number of patients. Children (< 18 yrs) constituted 15% of the 

study population. The mean age was 33.4 years. The oldest patient was 63 years of age 

and the youngest was 2 years old.  

 

Figure 16: Age distribution of participants  

< 18yrs

18-40yrs

41-60 yrs

61-80yrs

15%

45%

34%

06%
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Diagnosis: 

Diagnosis of patients enrolled was as shown below, with the largest group contributed by 

patients with Aplastic anemia (35%) and followed by Acute myeloid leukemia (25%). 

 

 

Figure 17: Diagnostic categories of our study population 

Platelet transfusions – RDP versus SDP: 

The majority of patients (70%) in the study population received random donor platelets 

(56 patients) and only 28 patients (35%) received single donor platelets. The frequency 

distributions of platelet transfusions are depicted in the following tables. 49 patients 
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(61.25%) received two random donor platelets and 23 patients (28.75%) received one 

aliquot of single donor platelet i.e. 100 ml which is equivalent to two random donor 

platelets.  

Table 5: Frequency distribution of random donor platelets transfused to 

patients in the study population 

         

       Units of RDP  

      

   Frequency  

    

      Percent  

  

  Valid Percent  

  

Cumulative   

Percent  

Valid  

1.0            1           1.2          1.8         1.8  

2.0           49         61.25          87.5         89.3  

3.0            2          03          3.6         92.9  

4.0            3         04          5.4         98.2  

6.0           1          02          1.8         100.0  

Total          56        70         100.0   

     Missing  System          24         34.1    

                   Total          80         100.0    
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Table 6: Frequency distribution of aliquots of 100ml of single donor platelets 

transfused to patients in the study population 

       

        Units of SDP  

 

      Frequency  

 

          Percent  

 

    Valid Percent  

Cumulative  

Percent  

Valid  

1.0  
          23            28.75          82.1       82.1  

2.0  
          5            6.25          17.9       100.0  

Total  
        28            35         100.0   

Missing 

system  

        52            65    

                     Total          80          100.0    

 

Platelet transfusions – ABO matched versus non ABO matched: 

Of the 80 patients, 49 (61%) received platelets which were non- ABO matched and 31 

(39%) patients received ABO matched platelets.   

 



94 
 

 

Figure 18: Distribution of patients who received ABO compatible and ABO 

incompatible platelets 

 

Range of corrected count increment (CCI): 

Corrected count increment was calculated after 24 hours of platelet transfusion using 

body surface area and the pre and post transfusion platelet count. A 24 hour CCI of < 

5000 was considered to be refractory. In the study population of 80 patients, 54% (43) 

had a negative increment and 11% (9) of patients had an increment of 2000 to 5000.  
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Figure 19: Distribution of CCI in the study population 

 

Overall prevalence of platelet antibodies: 

Overall, 48 out of the 80 patients had platelet antibodies (60%).  The prevalence of anti-

HLA antibodies was 51.25% and the prevalence of anti-HPA antibodies was 41.25% in 

the study group. 
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Figure 20: Overall prevalence of platelet antibodies 

 

Profile of platelet antibodies: 

Out of the study population of 80 patients, 48 were positive for platelet antibodies and 32 

were negative.  

Of the 48 patients who were positive for platelet alloantibodies, the combination of anti-

HLA and HPA antibodies together constituted the majority (54.2%). Anti- HLA 

antibodies alone contributed to 31.25% and antibodies to HPA alone contributed to 

14.6% of the positive results. 
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Figure 21: Distribution of platelet alloantibodies using PAK-2LE in platelet 

refractory patients 

Epitope specificity of HPA antibodies: 

Of the 48 samples positive for platelet alloantibodies, the distribution of HPA antibodies 

was as follows-  

 Antibodies against GpIIb/IIIa: 47.91% 

 Antibodies against GpIa/IIa: 29% 

 Antibodies against GpIb/IX: 23%    
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HPA antigens 1 and 3 are present on GpIIb/IIIa receptor, HPA antigens 5 and 13 are 

expressed on GpIa/IIa and GpIb/IX carries HPA - 2 antigen.  

Table 7: Distribution of human platelet antibodies (HPA) in our study 

population  

Glycoprotein Number Percentage Major antigens 

involved 

GpIIb/IIIa   23/48   47.91% HPA 1a,1b,3a,3b 

GpIa/IIa   14/48   29% HPA 5a,5b,13bw 

GpIb/IXa   11/48   23% HPA 2a,2b 
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Flowchart to depict platelet alloantibodies identified: 

This diagram depicts the profile of platelet alloantibodies identified in the study patients.  

 

 

Fig 22: Flowchart to illustrate prevalence of platelet alloantibodies in the 

study population 
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Distribution of patients in the non alloimmunized group to various disease 

categories: 

In the study group comprising of 80 patients, 32 (40%) patients were negative for 

alloantibodies. The distribution of these patients according to various disease groups is 

given in the table below.  

Table 8: Distribution of patients in the non immunized group to various 

disease categories  

Disease  Numbers 

Aplastic anemia        03 

AML        12 

ALL        11 

Lymphoma          04 

Myeloma         01 

CML         01 
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Correlation between number of transfusions and alloimmunisation: 

The median number of transfusions in patients who were alloimmunized and those who 

were not were almost similar, with 15 in the alloimmunized group and 14 in the non 

alloimmunized group. There was no statistically significant association between number 

of platelet transfusions and alloimmunisation (p value = 0.38). 

 

 

Figure 23: Median number of transfusions and alloimmunisation 
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Correlation between disease and alloimmunisation: 

The table below shows the overall percentage of alloimmunisation of patients in the three 

commonest hematological disorders in our study. Among these three, 93% of patients 

with Aplastic anemia were detected to have platelet alloantibodies, followed by AML 

(40%) and ALL (39%). There was a very strong association between the diagnosis of 

aplastic anemia and alloimmunisation (p=0.0001). This association could not be 

attributed to a greater number of transfusions in those with this diagnosis (as discussed 

below). The other disease groups were not analyzed due to very small numbers.  

 

Figure 24: Percentage of alloimmunisation in Aplastic anemia, AML and ALL 
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Mean number of transfusions in various disease groups:  

The patients in the study population had various hematological disorders ranging from 

non –malignant/premalignant conditions to malignant disorders. The most common 

hematological disorders were Aplastic anemia (28) followed by AML (20) and then ALL 

(18). The mean number of transfusions in these disorders was as follows:  

Aplastic anemia- 20  

AML -19 

ALL - 18  

The mean numbers of transfusions in these disease groups were very similar and the 

higher prevalence of alloimmunisation in the Aplastic anemia group could not be 

attributed to the number of transfusions received as it was almost similar in these three 

disease groups.  

 

Correlation between ABO compatibility and platelet refractoriness – Non 

alloimmunized group: 

Of the 32 patients who were negative for alloantibodies, 24(75%) patients received ABO 

mismatched platelet transfusions while 08 (25%) patients received ABO matched platelet 

transfusions in our study group. The association of ABO incompatibility and platelet 
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refractoriness showed a statistically significant association (p=0.004) indicating that 

ABO mismatched platelet transfusions are significantly associated with platelet 

refractoriness.  

Table 9: Correlation between ABO compatibility and platelet refractoriness 

 

 

Correlation between Corrected count increment (CCI) and alloimmunisation: 

Patients selected in the study population were found to be refractory to the current 

platelet transfusion based on their 24 hour CCI which was less than 5000. However an 

attempt was made to correlate the degree of platelet refractoriness and alloimmunisation 
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as majority of patients (54%) were found to have a negative increment while 28 (35%) 

had an increment of 0-2000 and 9 (11%) patients had an increment of 2000-5000. We 

found that there was no statistically significant association between the degree of 

refractoriness and alloimmunisation (p=0.870). 

Table 10: Corrected count increment (CCI) and alloimmunisation 
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DISCUSSION: 

 

Transfusion of platelets is an important therapeutic strategy in patients with bleeding 

disorders with low platelet counts. Normally there is an increment in platelet count after 

transfusion. However some chronically transfused patients fail to achieve this appropriate 

platelet count increment following transfusion owing to anti-HLA antibodies and 

antibodies to human platelet antigens (HPA) which mediate rapid in vivo platelet 

destruction. Platelet refractoriness can be defined as an inadequate post transfusion 

platelet increment after two or more consecutive transfusions of an adequate dose of 

allogenic platelets.  

The aims of our study were (i) To estimate the prevalence of platelet alloimmunisation in 

a group of chronically transfused patients with thrombocytopenia arising from marrow 

suppression, refractory to the current platelet transfusion using PAK 2 – LE which is a 

qualitative enzyme linked immunosorbent assay (ii) To study the profile of antibodies 

detected with regard to specificity, to either HLA antigens or epitopes on platelet 

glycoproteins IIb/IIIa, Ib/IX and Ia/IIa or both. 

It was in 1959 that platelet transfusions first became available and the percentage of 

leukemic patients dying of hemorrhage reduced from 67% to 37% (Bayer et al 1992). 

Both prophylactic and therapeutic platelet transfusions along with improvements in 

medical treatment have decreased the incidence of hemorrhage resulting in death in 
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patients with acute leukemia. However platelet refractoriness is a complication of 

chronically transfused patients seen in about 15% of the recipients (70).  

Repeated challenge with allogenic blood products results in the development of anti-

human leucocyte antibodies predominantly. Less frequently antibodies against human 

platelet antigens (HPA) are formed. Both these antibodies can react with the donor 

platelets resulting in decreased survival and in-vivo function. Alloimmunization depends 

upon a number of factors such as the type of platelet products received (such as 

leukoreduced versus non leukoreduced), number of transfusions received and the immune 

status of the patient. At our centre, irradiated, non-leukoreduced random donor platelets 

are the mainstay of platelet transfusion therapy in hematology patients – putting them at 

greater risk of alloimmunization. Random donor platelet transfusions results in a greater 

risk for alloimmunization as there is greater donor exposure. 

The prevalence and characterization of platelet antibodies in our study population was 

carried out using PAK-2LE; a qualitative enzyme linked immunosorbent assay done on a 

solid platform. The antibodies that were detected were studied with regard to specificity 

to HLA antigens or epitopes on platelet glycoproteins IIb/IIIa, Ia/IIa and Ib/IX.   

In our study population of 80 patients who were found to be refractory to platelet 

transfusions, which was assessed using a 24 hour CCI; 48 were positive for platelet 

alloantibodies and 32 were negative for alloimmunisation.  The overall prevalence of 

platelet antibodies was 60%.  Anti-HLA antibodies were present in 51.25% of the study 



108 
 

population and HPA antibodies were found in 41.25% of the patients. Of the 48 patients 

who were positive for platelet alloantibodies; the combination of antibodies to HLA and 

HPA constituted the majority; which was 54.2%.  Anti-HLA antibodies alone contributed 

to 31.25% of the positive results and antibodies to HPA alone was 14.6%. 

In hematological patients who require chronic platelet transfusions, the prevalence of 

alloimmunization in literature is estimated to be about 20–60% (70). The prevalence of 

HLA antibodies and HPA antibodies was found to be 42.9% and 8% respectively in a 

study done on 252 multi- transfused hemato-oncological patients (41). In a prospective 

study done on 117 cardiac surgery patients, the prevalence of HLA alloimmunisation was 

found to be 17.9% as compared to platelet specific antibodies which was only 1.7%. (43). 

In a study done in 144 pregnant women in Nigeria, the total prevalence rate of antibody 

production was 60%. Among the positive samples, 41% had human platelet antibodies 

(HPA) and 18.8% had HLA class 1 antibodies (42).  A multicentric prospective study by 

‗The Trial to Reduce Alloimmunization to Platelets Study Group‘ (TRAP) reported a 

prevalence of 45% alloimmunisation in patients who received blood components which 

were non leucocyte reduced as compared to 17 to 21% in patients who received leuco-

reduced blood components. Similar results were also shown by R. Fontao – Wendel et al 

which reported a higher percentage of alloimmunisation in cardiac patients receiving non 

leukocyte depleted products (7-30%) as compared to hematological patients receiving 

leukocyte depleted products (3-12%) (46). An Indian study done in Postgraduate Institute 

of Medical Education and Research, Chandigarh by Bajpai etal in 2005, on 50 patients 
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with hemato-oncological disorders reported an overall prevalence of platelet antibodies of 

66% with 60% for anti-HLA antibodies (29). The authors document that anti HLA 

antibodies are the major antibodies involved in platelet refractoriness in multitransfused 

patients requiring continued platelet support, reporting the prevalence of these antibodies 

as 60% (29). The specificity of HPA antibodies which result in platelet refractoriness has 

been established in a only in very few studies. The HPA antibodies were directed against 

the alloantigens HPA 1b, 5b and 2b which are seen less frequently (25) 

Sanz C, Freire et al reported that the frequency of HPA antibodies is not precisely known 

but is estimated to be approximately 5-15%, often in combination with HLA 

antibodies(26). In our study however the overall prevalence of HPA antibodies was 41%. 

This is in contrast to all studies stated above where the prevalence of antibodies to HPA 

antigens was generally less than 10% except for the Nigerian study on antenatal women 

which reported a similar prevalence of 41% for HPA antibodies.   

Of the 48 samples positive for alloimmunisation, the distribution of HPA antibodies was 

as follows- majority of antibodies were positive against GpIIb/IIIa glycoprotein (47.91%) 

and the least was against GpIb/IX (23%). HPA antigens 1 and 3 are present on GpIIb/IIIa 

receptor, HPA antigens 5 and 13 are expressed on GpIa/IIa and GpIb/IX carries HPA - 2 

antigen. These findings are in agreement with other studies which report that antibodies 

against HPA 1b and HPA 5b are common among multi- transfused patients (25). A study 

conducted on 252 patients with hematologic-oncologic disorders, 20 patients (08%) 

developed clear cut and specific platelet antibodies. The most common antibodies 
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identified were against HPA 5b, followed by HPA 1b and HPA 5a (27).  The authors 

confirmed the findings of the TRAP study done earlier in which the most common 

platelet alloantibody was HPA 1b (28). 

The median number of transfusions in patients who were alloimmunized and those who 

were not, were almost similar with 15 in the alloimmunized group and 14 in the non 

alloimmunized group and there was no statistically significant association between 

number of transfusions and alloimmunisation (p= 0.38) in our study. We also found that 

the mean number of transfusions in the three predominant disease groups i.e. Aplastic 

anemia, AML and ALL was very similar and a higher prevalence of alloimmunisation in 

the Aplastic anemia group could not be attributed to the number of transfusions received. 

There is discrepancy in literature regarding dose response relationship between platelet 

transfusion and risk of alloimmunisation. Transfusion trials on humans suggest that there 

is a dose response relationship between the number of exposures and the risk of 

alloimmunization (37). A study done by Dutcher et al.  however demonstrated an absence 

of dose response relationship for the development of alloantibodies. This study also 

showed that the rate of immunization is independent of the no of platelet units transfused 

(73).   

An important predictor of the patient‘s response to a platelet transfusion is the platelet 

count done after transfusion (78). Corrected count increment  (CCI)  is one of the 

formulae used for evaluation of response to platelet transfusion because corrected count 

increment  adjusts for the yield of the unit transfused and also the patient‘s blood 
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volume(79).The expected increment takes into account the number of platelet units 

transfused as well as the patient‘s body surface area and in our study 24 hour CCI was 

used to assess response to platelet transfusions. An unsuccessful platelet transfusion was 

defined as a 24 hour CCI less than 5000. In the present study which consisted of patients 

refractory to the current platelet transfusion, forty three (54%) patients had a negative 

increment while 28 (35%) had an increment of 0-2000 and 9 (11%) patients had an 

increment of 2000-5000. We did not find a statistically significant association between 

degree of refractoriness and the presence or absence of alloimmunisation (p=0.870). 

The risk of alloimmunisation is also influenced by the underlying illness for which the 

patients require transfusion of platelets. In a study done by  Lee et.al 44% of patients who 

were diagnosed with AML developed antibodies as compared to 18% of the patients with 

ALL (p value : 0.00002). This significant difference in HLA alloimmunisation between 

the two type of diseases could be due to the additional high dose of corticosteroids 

causing immunosuppression in ALL patients as postulated by the authors (36).  In our 

study however the prevalence of alloimmunisation was maximum in patients with 

Aplastic anemia.  93% of the patients with Aplastic anemia developed alloimmunisation 

and this was found to be statistically significant (p value:  0.0001). Patients with Aplastic 

anemia receive a higher number of platelet transfusions when compared to other disease 

groups like ALL and AML and this could be considered as a factor predisposing to 

alloimmunisation. However in our study we found that the mean number of transfusions 

was almost similar in aplastic anemia, AML and ALL. It is possible that there are other 
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unknown factors that predispose patients with Aplastic anemia to alloimmunisation. The 

percentage of alloimmunisation of patients in other groups of diseases could not be 

commented upon due to very small numbers in each group. 

Platelets in addition to HLA and HPA antigens express ABH antigens on their surface. 

The ABH antigens are seen within the platelet membrane and it is also passively 

adsorbed from plasma (Dunstan et al, 1985). The presence of anti- A or anti - B 

antibodies in the recipient against the donor A or B antigens is defined as ABO 

incompatibility. ABO- mismatched platelet transfusions are associated with a decreased 

platelet count increment after transfusion (10). Patients who have a lower CCI have been 

found to have higher titers of anti-A/ anti B antibody, suggesting that this effect is 

immune mediated (16). Transfusion of ABO mismatched platelets also increases the 

incidence of platelet alloimmunisation. 69% patients (Nine of thirteen) receiving ABO 

mismatched platelets became refractory to platelet transfusion (median onset at Day 15) 

compared to 08% of patients (one of 13 patients) treated with ABO matched platelets by 

a study done by Carr R et.al (15). Our study also correlated with this finding and found 

that 32 patients for whom an alloantibody could not be identified, 24(75%) patients 

received ABO mismatched platelet transfusions as compared to only 08(25%) patients 

who received ABO matched platelet transfusions (p= 0.004). This indicates that ABO 

compatibility impacted significantly on platelet refractoriness. Hence it is best to issue 

ABO compatible fresh platelets whenever possible (84).   
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Forty percent of patients in our study were negative for platelet antibodies. One of the 

possible reasons postulated for an unsuccessful platelet transfusion (CCI<5000) in this 

group could be that 24(75%) patients received ABO mismatched platelet transfusions 

while 08 (25%) patients received ABO matched platelet transfusions. Another possible 

reason could be that the PAK-2LE assay is less sensitive when compared to more 

sensitive platforms like flowcytometry and luminex in the detection of anti-HLA 

antibodies.  

Considering the possibility that the ELISA might not detect antibodies because of its 

lower sensitivity, a small subset of 10 patient samples in whom antibodies were not 

detected were processed on the Luminex bead based assay (Immucor) to assess if a 

platform with a higher sensitivity would help in picking up antibodies in the non 

alloimmunized. The limitation of this assay was that it could detect only anti-HLA 

antibodies. The samples chosen were equally distributed between patients who received 

ABO compatible and ABO incompatible platelet transfusions. It was interesting to note 

that 4 out of 10 samples (2/5 in each) equally showed anti-HLA antibodies on the 

luminex platform lending possibility to the fact that the actual prevalence of anti-HLA 

antibodies will be higher if a more sensitive platform is used.      
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SUMMARY: 
 

Refractoriness to platelet transfusions is a complex process and is a great challenge in the 

management and treatment of thrombocytopenic patients. The prevalence of platelet 

antibodies in our study among hematology patients using PAK-2LE was 60%. The 

overall prevalence of anti-HLA antibodies in our study among 80 patients was 51.25% 

while the overall prevalence of HPA antibodies was 41.25% which was greater than that 

reported by other groups in India and other countries.  Once diagnosed with platelet 

refractoriness, the current standard of care involves using HLA matched platelets as most 

studies have documented that anti-HLA antibodies are the greatest culprits responsible 

for the immunological cause of platelet alloimmunisation. In our study however, a 

significant number of patients had a combination of HPA antibodies as well. It is critical 

therefore to keep in mind that HPA antibodies contribute significantly to platelet 

refractoriness alongside anti-HLA antibodies. Hence the strategy of using HLA matched 

platelets alone may not suffice in overcoming transfusion hurdles in this group of 

alloimmunized platelet refractory individuals.   

 

  .  

 

 



115 
 

LIMITATIONS: 

 

 ABO compatible platelets could not be received by all patients in this study and 

this probably could be one of the reasons for platelet refractoriness rather than 

just alloimmunisation alone  

 

 The study used the success of the transfusion as the outcome. Due to workflow 

constraints platelet refractoriness could not be defined by lack of platelet 

increment after two consecutive transfusions with ABO- identical fresh platelets. 

It was defined by lack of platelet increment after one platelet transfusion.   

 

 

 The PAK-2LE assay used in this study could be less sensitive in picking up low 

titre antibodies as shown by increased detection of anti-HLA antibodies in a more 

sensitive platform.    
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CONCLUSIONS: 
 

 The prevalence of platelet alloantibodies in our study group among hematology 

patients was similar to other studies described.  

 However, a substantial proportion of patients also had HPA antibodies which were 

greater than that reported by other groups in India and other countries. 

 ABO incompatibility impacted significantly on platelet refractoriness in the non 

alloimmunized group   

 The number of prior transfusions did not impact significantly on platelet 

alloimmunisation  

 Against the background of HLA matched platelets, being the standard of care for 

patients with platelet refractoriness, the significant contribution of HPA antibodies 

in our study highlights the importance of screening for the same and subsequent 

incorporation of relevant measures into the management strategy of these patients.    
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Annexure 2: INFORMATION SHEET 

Prevalence and characterization of platelet alloantibodies in hematology patients 

refractory to platelet transfusions                                              

Platelets are small, irregular shaped clear cell components in the blood. They circulate 

in the blood and are involved in arresting bleeding by formation of a blood clot. If the 

number of platelets is too low (normal platelet count is 150,000-450,000/microlitre), 

excessive bleeding can occur. Causes of low platelet counts include failure to produce 

platelets, blood related cancers, non blood related cancers, chemotherapy and sepsis. 

In such a situation platelets may have to be collected from a donor and transfused into 

the patient to stop or prevent bleeding.  

Blood cells including platelets and white blood cells have on their surface substances 

called antigens. These can differ between individuals. Patients who have been 

transfused previously would have been exposed to donor cells with different antigens. 

This exposure to foreign antigens can stimulate formation of proteins called 

alloantibodies against antigens called human leukocyte antigens/HLA or human 

platelet antigens/HPA or both. Both these antibodies are capable of destroying 

subsequently transfused platelets. 

Therefore, if patients develop these antibodies, platelet count does not increase even 

after an adequate dose of platelet transfusion is given. This is called platelet 

refractoriness. Such patients may require HLA or HPA matched platelets. 

In our study we want to find out the prevalence of such antibodies in patients who 

have received multiple transfusions. This will be done using a test / assay called PAK-

2LE. The assay will also help us to determine if the alloantibody is present and if so 

whether it is against HLA or HPA. This test will be done at no additional cost.  We 

will use the information from this study to decide how to manage patients with 

platelet refractoriness in the future.  

As a part of this study, history regarding details about the disease you have, frequency 

of previous transfusions with red cells and platelets will be recorded. The test will be 

done when your doctor feels that you have not had an increase in platelet count 24 

hours post transfusion. At this time an additional sample of 4 ml of blood sample will 

be collected from you to find out whether your blood has any alloantibodies.  
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Contact Address: Dr. Ancy Susan John 

Department of Transfusion Medicine and Immunohematology 

Asha Building 5
th

 Floor, CMC Hospital 

Phone No: 04162282533/2566   
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Annexure 3:  Consent form 

 

I,                                                                       Hospital No.   

 

                                          do hereby give  my consent/ I give consent    

 

for my                                                                  (relation),  (Name)    

 

  ________________________     _                 

                                                                                                                    

to be enrolled in the study titled  “PREVALENCE AND CHARACTERISATION OF  

PLATELET ALLOANTIBODIES AMONG HEMATOLOGY PATIENTS REFRACTORY TO 

PLATELET TRANSFUSIONS AT A CENTRE IN SOUTH INDIA”. 

 

The study protocol has been explained to me and I have been given adequate time to ask 

questions and they have been answered to my satisfaction. 

 

I make this decision to be enrolled in this study freely, of my own volition, and without any 

external influence, coercion or incentive. 

 

I am also willing to give 4ml of my blood sample for this study  

 

I understand that refusal to enroll in this study will not affect the standard of care 

provided to me and that I can withdraw myself from the study anytime. 

 

By agreeing to be enrolled in this study, I give consent for the following: 
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I understand that all usual standards of care will be followed during the study. 

 

I will not receive any financial returns for taking part in this study, whether in terms of 

actual cash or as a reduction in the hospital bill. 

 

 

Signature/Thumb Impression of patient: ____________________                                                                                                                                                

 

Date:  

 

Witness signature: 

 

Signature of Principal Investigator: 

 

 

Contact Address: Dr. Ancy Susan John 

Department of Transfusion Medicine and Immunohematology 

Asha Building 5
th

 Floor, CMC Hospital 

Phone No: 04162282533/2566 
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Annexure 4:  Assent form for children  

 

Study Title: PREVALENCE AND CHARACTERISATION OF PLATELET ALLOANTIBODIES IN 

HEMATOLOGY PATIENTS REFRACTORY TO PLATELET TRANSFUSIONS AT A CENTRE IN 

SOUTH INDIA 

Study Number: 

Participant’s name:  

Date of Birth / Age (in years): 

 

 

I______________________________________ daughter/ son of --------------------------------- 

 

---------------------------------------- 

 

 (Please tick boxes) 

 

Declare that I have read the information sheet provided to me regarding this study 

and have clarified any doubts that I had [    ] 

 

I also understand that my participation in this study is entirely voluntary and that I 

am free to withdraw at any time during the study without affecting my usual 

treatment or my legal rights [    ] 

 

I understand that the study staff and institutional ethics committee members will 

not need my permission to look at my health records even if I withdraw from the 

trial. I agree to this access [     ] 
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I understand that my identity will not be revealed in any information released to 

third parties or published [   ]   

 

I voluntarily agree for my participation to take part in this study. I hereby give 

permission to collect 4 ml of my blood for the study [     ] 

 

 

Verbal Assent given by the patient                                         Yes /No 

 

Signed assent                                                           

 

Name:     

                                                                   Thumb impression/ Signature 

Date: 

 

Name of witness: 

Relation to participant: 

Date 

 

Contact details of Investigator: Dr. Ancy Susan John  

Department of Transfusion Medicine and Immunohematology 

Asha Building, 5th floor 

CMC Hospital, Vellore 
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Annexure 5:  Clinical Research Form 

 

PREVALENCE OF PLATELET ALLOIMMUNISATION AND ITS RESPONSE TO PLATELET COUNT 

 

SERIAL NUMBER: 

NAME:                                                                                          

HOSPITAL NUMBER: 

AGE:  

GENDER:                               M/F               

WEIGHT:                         (kg)                           HEIGHT:                   (m)                             BSA: 

DIAGNOSIS: 

 

Confounding factors   (PLEASE CIRCLE THE OPTION) 

 

FEVER                                                          YES/NO 

SEPSIS                                                           YES/NO      

BLEEDING                                                     YES/NO            

MEDICATIONS                                              YES/NO                                      

HYPERSPLENISM                         YES/NO          

      

NUMBER OF TRANSFUSIONS PREVIOUSLY RECEIVED: 

 

DATE OF PRESENT TRANSFUSION: 
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TYPE OF TRANSFUSION PRESENTLY ASKER FOR:  

 

 
RED 
CELLS(Irradiated) 

  PLATELETS(Irradiated) 

      
Bedside 
filters 

  
Non LD 

    Random 
donor 
platelets  
Filtered/non 
filtered 

Apheresis 
platelets 
Filtered 

    

 

OUTCOME: 

 

I.  ALLOIMMUNISATION :                         

YES 
 

NO 

  

IF YES:                                                                                         HLA/HPA 

 

2.      IF HPA – GLYCOPROTEIN INVOLVED:                        IIb/IIIa                         Ib/IX                      Ia/IIa 

 

3.       PLATELET COUNTS: 

 

PRETRANSFUSION PLATELET COUNT: 

POST TRANSFUSION PLATELET COUNT (24 hours): 

 

CORRECTED COUNT INCREMENT:        PPI × BODY SURFACE AREA 

                                                                     UNITS TRANSFUSED × 1011 



139 
 

ANNEXURE 6: DATA SHEET 
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