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A B S T R A C T

Objective: Describe the clinical and laboratory characteristics and the transfusion strategy of

patients at Hospital Israelita Albert Einstein with platelet refractoriness and identify their

etiological characteristics. Standardize the platelet immunofluorescence technique by flow

cytometry as a test for platelet compatibility in immune platelet refractoriness in transfu-

sion support.

Methods: Review of medical records of refractory platelet patients followed at HIAE from

January 2011 to May 2017. Clinical-demographic data, laboratory data and identification of

the use of compatible genotyped platelets for patients in need of transfusion therapy were

collected. The analyzed patients were classified according to the etiology of their platelet

refractoriness. To standardize the FC-PIFT technique, blood group O platelets were incu-

bated with serum from blood group AB donors and anti-IgG monoclonal antibody to deter-

mine the negative control. In order to verify the influence of the ABO system, monoclonal

anti-IgG antibodies were incubated with blood group A or B platelets and with blood group

O donor serumwith isohemagglutinins below and above 1/64.

Results: A total of 47 patients were evaluated, a 51% (24/47) preponderance of associated

immune and non-immune factors (NIPR + IPR). The most common causes of NIPR + IPR

were splenomegaly (54%) and the development of HLA antibodies (88%), consistent with

the literature. For patients who required therapeutic transfusion, only a small portion

received compatible genotyped platelets.

Conclusion: Although 60% of patients could benefit from the therapeutic transfusion of geno-

typed platelets, only 10% were actually transfused with this type of blood component. This

reaffirms the need for investments in a bank of genotyped platelet donors.

� 2021 Published by Elsevier España, S.L.U. on behalf of Associação Brasileira de Hematolo-

gia, Hemoterapia e Terapia Celular. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

In the 1950s, platelet transfusion was successfully used to

treat patients with hemorrhage.1 Since then, this proce-

dure has been used more and more, mainly in patients
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with cancer, malignant hematological diseases and in

hematopoietic stem cell transplantation.1 However, failure

in platelet transfusion is a frequent phenomenon affecting

7 to 34% of oncological/hematological patients.2 One of

the possible reasons for failures in platelet transfusion is

the platelet refractoriness (PR), mainly in chronic transfu-

sion support. Platelet refractoriness is defined as an inade-

quate well-documented increase after two transfusions

with fresh platelets from ABO-compatible randomized

donors.3,4

The documentation of the platelet increase can be per-

formed through indexes, the most common of which are

described in Table 1.

Non-immune and immune factors have been associated

with platelet refractoriness. In PR patients with cancer or

hematological diseases, non-immune factors were present

in 72 to 82% of the cases and immune factors, in 25 to

39%.1 The non-immune factors present in patients which

influence the response to platelet transfusion are spleno-

megaly, use of heparin, fever, use of amphotericin, bleed-

ing and disseminated intravascular coagulation.5,6

Immune causes include alloimmunization to the human

leukocyte antigen (HLA) and/or the human platelet antigen

(HPA) due to previous exposures to transfusions, pregnan-

cies and transplants, ABO incompatibility and platelet

autoantibodies (autoantibodies to platelet glycoproteins).

When ABO transfusion compatibility is not respected, the

most frequent cause of PR5 is the presence of anti-HLA

antibodies. The presence of anti-HLA antibodies is the

most common cause of immune PR and was present in

90% of low-platelet transfusions in a study on patients

with leukemia.4

Anti-HLA and/or anti-HPA antibodies can be identified

through commercially available tests, such as the lympho-

cytotoxicity test, the platelet immunofluorescence test

(PIFT) by microscopy or flow cytometry (CAPTURE-P�) and

immobilization of platelet antigens by monoclonal anti-

bodies (MAIPA).7 The possible strategies for the manage-

ment of patients with immune PR consist in selecting

HLA-compatible donors from a blood bank with genotyped

platelets, identifying anti-HLA antibodies and avoiding

donors with antigens that are recognized by these antibod-

ies or performing a platelet crossmatch for the selection of

compatible platelets.8

It is known that PR is associated with adverse events and

increased hospital costs,9 with the identification of the main

causes and the detection of the presence of alloimmuniza-

tions being of great importance for the proper management

of patients in transfusion support.

Objective

The present study aimed to analyze and describe the clinical

and laboratory characteristics of PR patients treated at the

Hospital Israelita Albert Einstein (HIAE) during January 2011

to May 2017, a population that has not yet been characterized

in terms of platelet refractoriness. The Hospital Israelita

Albert Einstein boasts 650 beds and approximately 1,000

transfusions of blood units per month. In addition, we sought

to standardize the platelet immunofluorescence technique by

flow cytometry (FC - PIFT) as a cross-platelet test in immune

platelet refractoriness and to check the possibility of interfer-

ence from ABO system antibodies (anti-A and anti- B) in

determining the presence of anti-HLA or anti-HPA antibodies

since there were no publications related to this subject in the

literature review.

Methods

Population

Patients diagnosed with platelet refractoriness treated at the

Hospital Israelita Albert Einstein (HIAE) during the period

from January 2011 to May 2017 were evaluated retrospectively

and consecutively. From data obtained from the electronic

medical record, clinical-demographic data (sex, age and

underlying disease), platelet transfusion indication at the

time of refractoriness and laboratory data (presence of anti-

HLA and/or anti-HPA antibodies already performed in the

institution's care routine) were collected. It was also identified

which patients would have an indication for transfusion of

compatible HLA or HPA platelets and to which of them it

would be possible to apply this transfusion strategy. All

patients received leukodepleted platelet units.

The study was approved by the Research Ethics Committee

of Hospital Israelita Albert Einstein, Certificado de Apresentaç~ao

de Apreciaç~ao �Etica (CAAE) no. 65539717.6.0000.0071.

PR Classification

The analyzed patients were classified according to the etiol-

ogy of their platelet refractoriness, being grouped as non-

immune platelet refractoriness (NIPR), immune platelet

refractoriness (IPR) and non-immune and immune platelet

refractoriness (NIPR + IPR). The NIPR group consisted of those

in which the presence of fever, splenomegaly, use of vanco-

mycin, amphotericin and heparin were verified or who were

Table 1 – Platelet increment calculations (3,5).

Calculation Calculation description Values

Absolute increment count (AIC) (post-transfusion platelet count) - (pre-transfu-

sion platelet count)

< 5 / ml of platelet units derived from whole

blood in 1 hour are suggestive of PR

Percentage of platelets recovered (PPR) (100%) (AIC x Total Blood Volume) / number of

platelets transfused

PPR < 20% in 1 hour or < 10% in 16 hours are

suggestive of PR

Increment-corrected count (ICC) (AIC x body surface area) / number of platelets

transfused

< 7,500 / ml in 1 hour or < 5,000 / ml in 24 hours

are suggestive of PR
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undergoing chemotherapy and/or bone marrow transplanta-

tion; the IRP group, the presence of anti-HPA and / or anti-

HLA antibodies were verified, and; the NIPR + IPR group, asso-

ciated characteristics of the NIPR and IPR groups were veri-

fied.

Standardization of the immunofluorescence technique by flow

cytometry (FC - PIFT)

Determination of Negative Control

Platelet samples from plateletpheresis products previously

collected in less than 48 hours and adjusted for the 100,000/

mL count in PBS/EDTA/BSA were used for the reactions. The

volume of 50uL of platelets from the single blood group O

blood donors was added to 50 mL of serum from the blood

group AB blood donors. This suspension was incubated at 37°

C for thirty minutes. After three consecutive washes, 10mL of

the antibody (Goat F (ab ') 2 Fragment Anti-Human IgG (H + L)

-PE / Beckman Coulter) was added in the 1:100 dilution and

incubated for 30 minutes in the light. After washing, the cells

were resuspended in 500 mL of PBS/EDTA/BSA. A total of 19

assays, using a combination of platelets and different donor

serum, were performed to determine the negative control.

Values between one and two standard deviations above

the mean fluorescence intensity of the negative control were

considered inconclusive and values greater than or equal to

two standard deviations of the mean fluorescence intensity

(MFI) of the negative control were considered positive.

The reactions were read on a flow cytometer (Beckman

Coulter), with a minimum of 30,000 acquisitions per reading

considered.

Determination of AB blood group interference

Using the protocol described above, a total of 12 assays were

performed, six in which platelets from blood group A or B

were incubated with blood donors from blood group O with

isohemagglutinin titers below 1/64 and the other 6 assays pla-

telets from the group blood A or B, with blood group O blood

donors with isohemagglutinin titers above 1/64. The titer of 1/

64 was determined according to the previous routine of the

transfusion service.

Results

Population

A total of 47 patients were evaluated, being 23 women and 24

men. The median age was 61 years (1 to 87 years).

The diagnosis was hematological in 42 cases and of these,

41 had oncological disorders and one had Glanzmann's

thrombasthenia, a rare inherited bleeding disorder. Of the

patients with oncohematological disorders, 24 underwent

chemotherapy. The diagnosis was non-hematological in 5

patients and of these, 3 were diagnosed with liver cirrhosis, 1

used anticoagulant and had extensive hematoma in the thigh

and 1 had testicular neoplasia of germ cells.

The clinical-demographic characteristics are described in

Table 2.

PR Classification

Regarding the etiological causes of platelet refractoriness, 51%

(24/47) were due to associated non-immune and immune fac-

tors (NIPR + IPR), 40% (19/47) to non-immune factors (NIPR)

and 9% (4/47) to immune factors (IPR). The details of the char-

acteristics of platelet refractoriness due to etiological cause

are described in Figure 1.

Patients who presented NIPR + IPR (n = 24) had an associa-

tion of six etiological causes in 4% of the individuals in this

group, 33% had four causal factors and 21% had two causal

factors. In this group, the most prevalent etiological factors

were the presence of anti-HLA antibodies (88%) and spleno-

megaly (54%). Patients with NIPR (n = 19) had an association

of five etiological causes in 11% of the individuals in this

group, 37% had three causal factors and 16% had only one

causal factor. The most prevalent etiological factors in this

group were chemotherapy (68%) and splenomegaly (58%). For

patients who had NIPR (n = 4), all had only one causal factor

involved, the development of anti-HLA antibodies.

A transfusion requirement was observed in 60% (51% of

NIPR + IPR + 9% of IPR) of the patients at the time of refractori-

ness, but only in 10% was it possible to transfuse compatible

genotyped platelets from the platelet donor bank with geno-

typing known to the HIAE.

Standardization of the immunofluorescence technique by flow

cytometry (FC - PIFT)

Using blood group O platelets with serum from blood group

AB donors, the mean fluorescence intensity value of the nega-

tive control found was 0.95 (two standard deviations = 1.46).

Figure 2 shows the fluorescence intensity found in one of the

samples used to calculate the negative control.

In checking the interference of the ABO system in the

mean fluorescence intensity, we found that when blood group

A or B platelets were incubated with blood group O blood

donor serum with isohemagglutinin titers below 1/64, an

average intensity value of 0.58 (two standard devia-

tions = 0.69) was obtained, showing that these values are

compatible with the previously found values of the negative

Table 2 – - Characterization of patients in relation to sex,
age and underlying disease.

Parameters

Pacients − n 47

Underlyng disease − n (%)

Hematological 42 (89)

Oncological disorder 41 (98)

Hemorrhagic disorder 1 (2)

Non-hematological 5 (11)

Liver cirrhosis 3 (60)

Anticoagulant therapy 1 (20)

Testicular neoplasia 1 (20)x

Sex − n (%)

Female 23 (49)

Male 24 (51)

Age (years)

Median 61

Interval 1 - 87
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control. When blood group A or B platelets were incubated

with blood group O blood donor serumwith isohemagglutinin

titers above 1/64, a mean fluorescence intensity value of 1.51

(two standard deviations = 2.52) was obtained, showing that

these mean values of intensity found are above the values

found for the negative control. Table 3 shows the fluorescence

intensity values found in each sample used to check the inter-

ference of the ABO system using serum with hemagglutinin

titers below 1/64 and above 1/64. Figures 3 and 4, respectively,

show an example of fluorescence intensity obtained using

serumwith hemagglutinin titers below 1/64 and above 1/64.

Discussion

In the study conducted on patients with thrombocytopenia

associated with bone marrow transplant failure treated at the

Peter MacCallum Cancer Institute, the main factors associ-

ated with low increment after one hour of platelet transfusion

were bone marrow transplantation, administration of intra-

venous amphotericin B, alloimmunization to HLA antigens

and a palpable spleen.10 In another study performed with

patients at the Hospital Universit�ario La Fe, the risk factors

associated with the low increase after fourteen hours of plate-

let transfusion were alloimmunization to HLA antigens, bone

marrow transplantation and the amount of antibiotics used

by the patients, the worst being increment rates that occurred

with the use of amphotericin B, vancomycin and ciprofloxa-

cin.11 In a study conducted with oncohematological patients

from Minas Gerais, Brazil, 19% of the evaluated patients had

PR, and the main factors involved were alloimmunization,

splenomegaly, use of amphotericin B, use of vancomycin and

fever.12 These are also factors predominantly found in the

Figure 1 –Characteristics of platelet refractoriness due to etiological cause. *BMT: bonemarrow transplant. &Anti-HPA specific-

ities: 4/10 anti-HPA 5b; 4/10 anti-HPA 1b; 1/10 anti-HPA 1a; 1/10 anti-HPA 3a.

Figure 2 –Fluorescence intensity of to the sample used calcu-

late the negative control.
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HIAE patients and in NIPR + IPR patients, 88% had anti-HLA

antibodies, 54% splenomegaly, 46% had received BMT, 21%

were using amphotericin B and 8% were using vancomycin.

In NIPR patients, 58% had splenomegaly, 32% were using van-

comycin, 21% were using amphotericin B and 16% received

BMT.

In another study carried out in patients undergoing bone

marrow transplantation at the Hospital S~ao Camilo, 66.66% of

refractory platelet patients used amphotericin B and 20% had

fever and splenomegaly.13 In the HIAE patients, 42% of

NIPR + IPR and 16% of NIPR had fever. In a study with patients

in Porto Alegre, 67% had IPR, all of whom had anti-HLA anti-

bodies and 19% also had anti-HPA antibodies.14 At the HIAE,

of the patients who had only IPR, all developed anti-HLA anti-

bodies and of the NIPR + IPR, 42% had anti-HPA antibodies

concomitant with anti-HLA antibodies.

The prevalence of factors present in the HIAE platelet-

refractory patients is in agreement with data found in the lit-

erature, although there is some difficulty in comparison, as in

many studies patients are separated only by presenting non-

immune factors or only presenting immune factors while

Table 3 – ABO system interference in the mean fluorescence intensity in flow cytometry.

Negative control MFI MFI with isohemagglutinin titers below 1/64 MFI with isohemagglutinin titers above 1/64

0.91 0.57 1.90

0.70 0.62 2.19

0.89 0.60 1.01

0.91 0.54 1.10

0.61 0.65 1.09

0.84 0.50 1.77

1.26 - -

0.80 - -

0.81 - -

0.73 - -

0.66 - -

0.72 - -

0.82 - -

1.32 - -

1.53 - -

1.18 - -

1.24 - -

1.01 - -

1.09 - -

Average Intensity Average Intensity Average Intensity

0.95 0.58 1.51

Two Standard Deviations Two Standard Deviations Two Standard Deviations

1.46 0.69 2.52

Figure 3 –Sample fluorescence intensity using serumwith

isohemagglutinin titer below 1/64.

Figure 4 –Sample fluorescence intensity using isohemagglu-

tinin titer serum above 1/64.
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there is predominance of associated immune and non-

immune causes.

“In the present study, the prevalence of anti-HPA 1 were

predominant among HPA antibodies specificities in immune

refractory patients. This prevalence correlates with the inter-

national literature.15 However, the prevalence of anti-HPA 5

proves itself to be interesting. The Brazilian literature also

highlights a different prevalence of anti-HPA 5 specificity in

another cohort studied,16 a possible explanation to this find-

ing being the heterogeneity of the Brazilian population due to

ethnic admixture, as previously described in other platelet

alloimmunization situations, suggesting a distinct character-

istic of platelet alloimmunization in this population.” The

HPA -5 system has also been shown to be an important risk

factor for alloimmunization in the population of the

Amazon.17

In the management of patients with PR, the treatment of

non-immune causes has not changed significantly over the

years and involves the identification of factors and their reso-

lution.18 Therefore, it is important to know which factors are

predominantly associated with non-immune PR, although it

is difficult to resolve all the causes involved, since 48% of the

patients had three or more factors involved in PR.

The management of patients with immune causes

involves the identification of anti-HLA and/or anti-HPA anti-

bodies and the transfusion of compatible genotyped platelets.

Among the strategies available for compatible platelet trans-

fusion, there are blood banks with HLA class I genotyping

antigens from donors, as most alloimmunizations in immune

PR, with rates ranging from 7% to 55%,19 are against HLA-A

and HLA-B antigens and, after detection of immune refracto-

riness in the patient, a virtual cross between the recipient and

the donor is performed for proper support with compatible

platelets.20 There are several methods available for the identi-

fication of alloantibodies and cross-testing, the most used

being the Luminex flow cytometry platform of single antigen

class I for anti-HLA antibodies19,20 and the Monoclonal Anti-

gen Immobilization Platelet (MAIPA) or the solid phase ELISA

for anti-HPA antibodies.19

The present study also used flow cytometry to establish

a cross-proof test in immune PR. In the standardization of

the immunofluorescence methodology by flow cytometry

(FC - PIFT) for the initial identification of anti-HLA and/or

HPA antibodies, there was a need to establish two cutoff

points for the mean fluorescence intensity value, one

value in the presence of donor serum with anti-A and/or

anti-B isohemagglutinins with titers less than 1/64 and

another higher value in the presence of donor serum with

anti-A and/or anti-B isohemagglutinins with higher titers

than 1/64.

Among the various methods described in the literature for

the identification of anti-HLA and/or anti-HPA antibodies, it is

known that the flow cytometry (FC - PIFT) immunofluores-

cence test is comparatively easy and quick to perform and

has good results with an accuracy of approximately 80%.7

However, there is no well-established information in the liter-

ature about the interference of anti-A and/or anti-B isohe-

magglutinin titers above 1/64 in the results when using the

FC-PIFT test, which makes it difficult to compare the data

found. It is important to pay attention to this interference, as

false positive results can be incurred in the presence of anti-A

and / or anti-B titers greater than 1/64.

Another technique for the management of patients with

platelet refractoriness that is being developed and that is

likely to be the future of blood banks is the production of

induced pluripotent stem cells (iPSC) with the expression of

silenced HLA. The perspective that is presented is of platelets

with low immunogenicity, which prevents the allogeneic

immune response even in non-immunosuppressed

patients.21

Conclusion

It was observed that 60% (51% of NIPR + IPR + 9% of IPR) of the

patients at the time of refractoriness would benefit from com-

patible genotyped platelet therapy, as immune causes have

been identified in platelet refractoriness. However, only 10%

of patients were actually transfused with this type of blood

component. This difficulty in providing compatible compo-

nents may be due to the genotypic variety found in our very

mixed population and the limited number of genotyped

donors (850) at our service. This highlights the need to

invest in a donor bank with genotyped platelets, as this type

of component can contribute to more effective transfusion

strategies.
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