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Learning Objectives

 Become familiar with the definition of platelet refractoriness 
and possible causes of non-responsiveness to platelet 
transfusions

 Become familiar with different techniques for testing for HLA 
antibodies

 Be able to apply different strategies for identifying HLA-
compatible platelets
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Is this platelet refractoriness?

70-year-old male who is being treated for leukemia is receiving 
daily platelet transfusions in the afternoon for the past 5 days.

The patient’s platelet count remains unchanged the next 
morning at 9,000 per microliter. 

What else would we want to know about the patient or the 
transfusions?

4
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Things we want to know about a patient 
(discussed in further slides):

 Did the platelet count improve 1 hour after transfusion?

 How much does the patient weigh?

 Does the patient have splenomegaly?

 What is the patient’s current clinical state? 

 Does the patient have any prior sensitizing events?

5

Platelet refractoriness

 Defined as a poor response to platelet 
transfusions

 Incidence of 15% to 50% for repeatedly 
transfused patients

 No strict definition to label a patient refractory
- Corrected Count Increment (CCI) and Percentage 

Platelet Recovery (PPR) are two methods

 Depending on degree of investigation, 
immune causes range from 30-40% of cases

6
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Things we want to know about a patient:

 Did the platelet count improve 1 hour after transfusion? – No 
improvement in our patient

7
From Petz et al. (1996)

Ask for a 10-minute post-transfusion sample instead of at 1 hour for 
the platelet count

O’Connell et al. 1988 Transfusion

8
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Things we want to know about a patient 
(continued):

 Did the platelet count improve 1 hour after transfusion?

 How much does the patient weigh? 
Our patient weighed 60 kg

9

Taking into account body size: 
Platelet count increases 15,000 for two 
patients.  Who is refractory to transfusion?

Corrected Count Increment

CCI=  Plt increase x BSA_____
# of plts (x 1011) transfused 

CCI > 7,500 at 1 hr is good   
transfusion response

Large patient (BSA = 2.3 m2)
Height 6’ 4”, weight 220 lb

Small number of platelets transfused
(3.0 x 1011)

CCI = 15,000 x 2.3 / 3 

CCI = 11,500 (Good response)

Small patient (BSA = 1.6 m2)
Height 5’ 4”, weight 125 lb

Small number of platelets transfused
(5.0 x 1011)

CCI = 15,000 x 1.6 / 5

CCI = 4,800 (Refractory)
10
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Things we want to know about a patient 
(continued):

 Did the platelet count improve 1 hour after transfusion?

 How much does the patient weigh?

 Does the patient have splenomegaly? 
Our patient had no obvious splenomegaly

11

Spenomegaly is associated with poor 
transfused platelet recovery

Aster  JCI 1966; 45: 645-57

91% recovery of platelets with splenectomy

62% recovery of platelets with 
normal spleen

23% recovery of platelets 
with splenomegaly

12
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Accounting for spleen size: 4,000 platelet increase 
in two patients

Patient with splenomegaly
3 x 1011 platelets transfused
5000 ml patient blood volume

MPI = 3 x 1011 x 0.23 = 14,000
1000 x 5000

PPR = (4,000/14,000) x 100%
=29% recovery!!

Maximum platelet increment
MPI = # of plts transfused x F

1000 x blood volume
F=0.62 for normal spleen
F=0.91 with no spleen
F=0.23 for splenomegaly

Percentage platelet recovery
PPR=  plt increase x 100%

MPI Patient with normal spleen
3 x 1011 platelets transfused

5000 ml patient blood volume

MPI = 3 x 1011 x 0.62 = 37,200
1000 x 5000

PPR = (4,000/37,200) x 100%
=11% recovery!!

(Refractory patient)
13

Big spleen
Normal 
spleen

Things we want to know about a patient 
(continued):

 Did the platelet count improve 1 hour after transfusion?

 How much does the patient weigh?

 Does the patient have splenomegaly?

 What is the patient’s current clinical state? (bleeding, fever, 
sepsis, and drugs may increase rate of platelet consumption)
- Our patient had recent chemotherapy and is on prophylactic 

antibiotics

14
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Clinical factors affecting platelet count and 
response to transfusions

 Factors that may increase platelet loss:
- Infection/Fever/Antibiotics 

- Difficult to separate which is true underlying cause

- Bleeding (especially large mucosal bleeding)

 Factors associated with reduced platelet production:
- Recent history of chemotherapy

 Combination of above can make a patient appear completely 
platelet refractory.

15

Platelet compatibility: Two things the Laboratory can 
determine (and improve transfusion response of the 
patient)

1. Is ABO incompatibility a possible cause for refractoriness to 
platelet transfusions?

2. Is HLA incompatibility a possible cause for refractoriness to 
platelet transfusions?

16
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ABO incompatibility as a cause for platelet 
refractoriness

 Platelets may be ABO incompatible due to:
 Antibodies in the plasma (group O donor, group A recipient)
 Plasma-incompatibility may be associated with hemolysis

 Antigens on the platelets (group A donor, group O recipient)
 Antigen incompatibility may be associated with reduced transfused platelet 

survival

 Our patient in question was blood group A, receiving exclusively 
group A platelets, so not an issue.

17

Shehata et al: Systematic review of literature on 
ABO-incompatible platelet transfusions

 Found consistently higher platelet count increments with 
ABO-identical transfusions

 Largest difference b/t ABO-identical and non-identical platelet 
transfusion increment was 4,000 / uL

 However, analyses did not take into account recipient’s anti-A 
or anti-B titer to identify “at risk” patients

Transfusion 2009; 49: 2442-2453
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Anti-A or –B titer 
of ≥ 64 is 
associated with 
positive platelet 
crossmatches
(At least twice as many 
radiolabeled IgG, IgM, or C3d 
molecules bound to platelets 
compared to controls)

Ellinger et al. Transfusion 1989; 
29:134-138 

19

Things we want to know about a patient 
(continued):

 Did the platelet count improve 1 hour after transfusion?

 How much does the patient weigh?

 Does the patient have splenomegaly?

 What is the patient’s current clinical state? (bleeding, fever, 
sepsis, and drugs may increase rate of platelet consumption)

 Does the patient have any prior sensitizing events?
- Although male (no pregnancies) was transfused with multiple units of 

RBCs in the 1970s after a farming equipment accident

20
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Alloimmunization against platelets (HLA or 
HPA antibodies)

 Two major causes for development of antibodies:

- Pregnancy

- Blood transfusions

- Our patient had blood transfusions in the 1970s

 Platelets express Human Leukocyte Antigens (class 
I only) and Human Platelet (specific) Antigens

 Most antibodies developed by patients are against 
HLA (very polymorphic) and rarely HPA (more 
limited variation)

21

 HLA class I – expressed on platelets and all nucleated cells
 HLA-A

 HLA-B

 HLA-C   low expression on platelets

 HLA class II –not expressed on platelets
 HLA-DR

 HLA-DQ

 HLA-DP

22

HLA class I and class II expression
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Alloimmunization against platelets 
(cont’d)

 Leukoreduction (LR) of blood components reduces rate of HLA 
alloimmunization

 TRAP study data: 
- Percentage of patients developing HLA antibodies:

- 45% of patients receiving non-LR blood  our patient was transfused in ‘70s
- 17-18% of patients receiving LR blood

 Canadian universal LR before/after data:
- Alloimmunization rate:

- 19% before universal LR
- 7% after universal LR

 Leukoreduction has no effect on development of HPA antibodies against 
platelet glycoproteins.

TRAP study (Transfusions over 8 weeks in AML pts): NEJM 1997;337:1861-1869
Canadian ULR study: Blood 2004; 103: 333-339

23

Antibody screens for HLA antibodies

 Lymphocytoxic antibody screen – not used as much anymore

 Solid phase antibody assays (two types)
- ELISA vs. bead-based (Luminex)

- Antigens can be pooled (for screening)

- Antigens can expressed singly (one bead-one antigen to determine 
specificity of antibody)

24
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Lymphocytotoxicity Assay – basic 
principle

2. Complement
activation

1. Antibody
Binding

3. Lysis of cell
Membrane by complement

4. Trypan Blue
(viability stain)
Enters cells

25

Performed by using microwells on a plastic tray that contain lymphocytes of 
different HLA types and looking for a pattern of cytotoxicity against a consistent 
HLA type – like RBC antibody identification panels

ELISA and bead-based assays

Y

Y

Multiple HLA types in one well 
or bead, useful for screening
for HLA antibodies.

Single HLA types in one well or 
bead, optimal for identifying all 
HLA antibody specificities.

Y Y

Y Y

Plastic wells or beads are coated with purified or recombinantly expressed HLA antigens

26
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HLA antibody detection using micro-bead 
array assay

27

PE anti-IgG
Fluorescent-tagged

Patient’s 
Alloantibody

HLA antigen
Bound to color coded
bead

Adopted from OneLamba

Micro beads are labeled with a ratio of two different 
colored fluorescent markers.

Beads of specific HLA types are assigned a specific ratio 
of red vs. infrared fluorescent dye. (assigned specific X,Y 
coordinates of color intensity) – up to 100 positions in this 
example.

Anti-IgG PE is used to identify antibodies binding to 
certain beads.Antibody strength reported 

as MFI’s or mean 
fluorescence intensity units 
on the beads

28

Courtesy of OneLambda, Inc.

Luminex bead are labeled with a ratio of two
different colored fluorescent markers. (X vs. Y)

Beads of specific HLA types are assigned a 
specific ratio of red vs. infrared fluorescent dye. 
(assigned specific X,Y coordinates of color 
intensity) – up to 100 positions in this example.

Anti-IgG PE is used to identify antibodies binding 
to certain beads. (Z axis)

A1

A2
A68

A69
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Our 70-year-old patient 
(example of Luminex antibody results)

 HLA class I antibodies identified (1st time testing):

 Strong (MFI > 10,000):
 B13,B49,B51,B52,B63,B75,B77,C5,C15,C18 

 Moderate (MFI 5,000 to 10,000):
 A2,B35,B53,B57,B59,B62,B71,B76,B78,C2,C6,C17 

 Weak (MFI 2,000 to 5,000):
 A23,B46,B50,B56,B58,B72,C4 

 Very weak (MFI 1,000 to 2,000):
 A1,A25,A26,A33,A34,A66,A68,A69,B18,B38,B64

29

Our 70-year-old patient (gets worse!)

 Repeat HLA antibody testing 10 days later:

 Strong (MFI > 10,000):
 A2,B13,B35,B39,B49,B51,B52,B53,B63,B71,B75,B76,B77,B78 

 Moderate (MFI 5,000 to 10,000):
 A25,A69,B8,B18,B38,B45,B46,B57,B58,B59,B62,B72,C5,C15,C18

 Weak (MFI 2,000 to 5,000):
 A1,A26,A34,A66,A68,B44,B50,B54,B56,B64,B82,C2,C6,C17 

 Very weak (MFI 1,000 to 2,000):
 A33,B37,B65,B67

30

Many more antibodies, 
and stronger too!
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Lymphocytotoxic vs. Solid Phase Antibody Assays

 Lymphocytoxic assay
- Less sensitive

- False positive from non-HLA-related cytotoxic substances in 
patient’s serum

- Detects IgG and IgM antibodies

- Cannot identify all antibody specificities if there are too many 
specificities (overlap of different HLA types on the 
lymphocytes).

- Not commonly used, but useful to understand

31

Lymphocytotoxic vs. Solid Phase Antibody Assays 
(continued)

 Solid phase assay (ELISA, Flow beads, Luminex)
- More sensitive (too sensitive?)

- Detects only HLA antibodies

- Detects IgG antibodies only

- Can identify all antibody specificities
- Using high definition ELISA or single antigen Luminex beads

- Can be very powerful method for platelet selection in highly sensitized 
patients

32
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Strategies for identifying compatible platelets for 
alloimmunized patients

HLA matched platelets

Acceptable HLA mismatches 
(CREG/HLAMatchmaker)

Platelet crossmatching

Avoidance of antibody specificities

33

HLA matched platelets

 Requires HLA type of patient and platelet donor

 Attempt is made to identify platelet donors or platelet products 
already in Blood Bank inventory which have same HLA type 
as patient (HLA-A, -B, -C)
- i.e. Patient is A2, A24; B27, B44; Cw2, Cw6

- Look for A2, A24; B27, B44; Cw2, Cw6 donors

34



8/18/2019

18

Difficulties with obtaining HLA matched 
platelets

 Only a few donors in entire donor database completely match patient’s 
HLA type

 Donors may be ABO-incompatible and CMV-positive

 Donors may be unavailable or temporarily ineligible to donate platelets

 Requests for daily use of HLA matched platelets that are complete 
matches for several weeks may be difficult to impossible to support

35

Finding HLA matched platelets: The reality

 Most “HLA matched” platelets are not perfect matches

 Often product shipped is the best partial HLA match available 
in Blood Center’s inventory

 Even if a perfectly matched donor is collected immediately, it 
will take 24-36 hrs before it is available 
 infectious disease testing, labeling, shipping

36
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Solutions to finding HLA matched 
platelets

 Find more HLA matched platelet donors:
- Ask for platelet donations from other blood collection centers 

that maintain an apheresis platelet donor database 

- Determine if patient’s siblings are HLA matches 
(controversial)

 Expand the definition of “acceptable” platelet donors:
- Donors with partial HLA match and acceptable mismatches

- Donors with HLA types that avoids patient’s HLA antibody 
specificity

- Randomly compatible platelet crossmatched units

37

Partial HLA matches- using CREG matching 
as a substitute

 CREG = Cross reactive antigen group

 HLA types can be grouped into serologically similar “families”

 When using partial HLA matches, look for those donors 
where the mismatched HLA type at least is in a related CREG 

38
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From G Rodey
and Dynal, Inc.

When a perfect HLA match is not possible, the next best alternative is 
to use HLA types where the mismatched antigen is at least “similar” or 
cross-reactive.

Grading of HLA matching for mismatched 
platelets using CREGs

40

Duquesnoy et al. American Journal of Hematology. 2:219-226, 1977
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Relative effectiveness of different levels of HLA matching of 
platelets in highly sensitized patients

41

Duquesnoy et al. American Journal of Hematology. 2:219-226, 1977

CREG matching or partial 
matching was better than a 
random platelet dose (R) in 
these patients.

Finding HLA matched platelets: The 
reality (cont’d)

 Sometimes it is better to ask for platelets that avoid certain 
antibody specificities instead of getting a partial HLA match

 For example:
Patient is: A2, A24; B7, B44 with antibodies against B27 

Possible choices for platelets:
Donor #1: A2, A24; B27, B44  (grade B1X match!)

Donor #2: A1, A3; B35, B70 (grade D match but B27 negative)

42
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CREG-based selection of platelets (A, BU, BX, etc) 
is outdated

 Still used by a number laboratories to choose platelets

 Recommend using the following methods to select HLA 
compatible platelets (to be described later):
 HLAMatchmaker (free Excel-based program)

 Antibody avoidance using HLA antibody results from single antigen 
bead (Luminex) or single antigen ELISA wells (high definition trays)

 Platelet crossmatching

43

HLAMatchmaker: Choosing acceptable mismatched 
HLA types based on degree of variation being limited

44

9 17 45 56 62 66 70 74 76 80 82 90 107 127
F gR kMe G Rn rKv aQs D An gGl aLr D G N
S gS Me R Qe rNv aHs N Vd rIa lRg A W K
T E Ee gKv H En
Y Lq rNm iD Es

Ge

142 144 149 151 156 158 163 166 171 184 186 193 248 253
I tKr aVh vHa L A R Dg Y dP K Av A Ee
T tKh aAh aHv W V T Ew H dA R Pi S Ke

tQr tQr aAr aHe R dT Va Ge
tAh aRv Q E

aRw
aRr

aHa

Different HLA types are just different combinations 
of a limited set of amino acid polymorphisms in the  
amino acid sequence of the HLA molecule

Variation in HLA types are due 
mainly to rearrangement of triplets 
or eplets where there are amino 
acid sequence differences.

Some positions are more 
immunogenic than others.

• Nambiar A et al. Blood 107: 1690-
1697, 2006

• Brooks EG et al. Transfusion 48: 
2159-2165, 2008

• Pai SC et al. Transfusion 50: 2318-
2327, 2010 

Duquesnoy and Marrari, Human Immunology 2002; 63: 353-363.
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Donor HLA-B8 is mismatched but acceptable for 
patient with HLA type of: A2,A31; B42,B53; Cw2,Cw7

Patient  HLA 9 12 14 17 41 45 56 62 66 70 74 76 80

A2 A*0201 F sV R gR A Me G Ge rKv aHs H Vd gTL

A31 A*3101 T sV R gR A Me R Qe rNv aHs iD Vd gTL

B42 B*4201 Y sV R gR A Ee G Rn qIy aQa D Es rNl

B53 B*5301 Y aM R gR A Te G Rn qIf tNt Y En rIa

Cw2 Cw*0202 Y aV R sR A Ge G Re qKy rQa D Vn rKl

Cw7 Cw*0701 D aV R gR A Ge G Re qNy rQa aD Vs rNl

Donor 

B8 B*0801 D aM R gR A Ee G Rn qIf tNt D Es rNl

HLA polymorphisms associated with B8 are already present in the 
patient’s “different” HLA type, just in a different combination of HLA types

45
Website for the free Excel-based program: www.epitopes.net
Brooks et al. Transfusion 2008; 48: 2159-2166

Duquesnoy and Marrari, Human Immunology 2002; 63: 353-363.

Platelet Crossmatching: No HLA typing of donor or 
patient required

Donor Platelets
coat bottom of well

Patient’s serum is added

Anti-HLA/PLT 
antibodies bind

Indicator RBC’s coated with 
anti-IgG are added and will 
bind to anti-HLA/PLT 
antibodies if present

Immobilization of RBCs
RBCs not immobilized will be 
spun down into the center

46

Modified from 
AABB Technical 
Manual
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Comparing crossmatching and HLA matching using CREG match grade

“B matched” platelets that gave 
positive XM results and poor 
response

Small arrows indicate good 
response despite positive 
crossmatch

47Kickler et al. Blood 1983; 61: 238-242

Defining antibody specificities 
(to avoid certain HLA types)

 Recommend use of single antigen beads (or high definition 
ELISA) to identify all HLA antibodies

 Requires only HLA type of the donors

 Often serologically related HLA types based on common CREG are 
also avoided

 Computerized program called the antibody specificity prediction (ASP) 
method is available (Petz et al.), but not necessary with single antigen 
HLA antibody methods.

48
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Pros and Cons of the different strategies when perfect 
HLA match is not available

 CREG matching
- Pro: Simple system of identifying additional acceptable HLA 

mismatches
- Con: Requires HLA typing of donors and patient.
- Con: CREG-matched platelets might still be XM incompatible 

 HLAMatchmaker program
- Pro: Should identify consistently mismatched HLA types that would 

be viewed as “self” (tolerant)
- Con: Expands number of HLA types, but still might not be enough–

useful for patients who are 100% alloimmunized

49

 Avoiding antibody specificities
- Pro: Can be cost effective and allow for more platelets to be used. 

Does not require patient HLA type.
- Con: Requires single antigen ELISA or Luminex testing if patient has 

many HLA antibodies

 Platelet crossmatching
- Pro: Can identify useful platelets that are not HLA-matched. No HLA 

typing needed.
- Con: Must use ABO-identical or O donors.  
- Con: May be difficult if patient has many HLA antibodies

Pros and Cons of the different strategies when perfect 
HLA match is not available (cont’d)

50
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Going back to our patient with a lot of HLA 
antibodies, what to do?

 Strong (MFI > 10,000): 
 A2,B13,B35,B39,B49,B51,B52,B53,B63,B71,B75,B76,B77,B78 

 Moderate (MFI 5,000 to 10,000): 
 A25,A69,B8,B18,B38,B45,B46,B57,B58,B59,B62,B72,C5,C15,C18

 Weak (MFI 2,000 to 5,000): 
 A1,A26,A34,A66,A68,B44,B50,B54,B56,B64,B82,C2,C6,C17 

 Very weak (MFI 1,000 to 2,000):
 A33,B37,B65,B67

51

Correlating Luminex (mfi) vs. Crossmatching results

MFI ranges of 28 typing sera dilutions

More than 10,000 10,000 – 4,000 Less than 4,000

Total platelet units XM’d 240 240 80

Total units with Neg XM 0 86 79

Total units with Pos XM 240 154 1

Percent of total XM compatible 0% 36% 99%

52

Kreuter JD and Gandhi MJ: ASHI Quarterly 2017; 41:35-38.
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Transfusion success rate based on Luminex MFI

53
Kreuter JD and Gandhi MJ: ASHI Quarterly 2017; 41:35-38.

Example of how to select HLA compatible 
platelets based on our patient’s results:

 Strong (MFI > 10,000): Must avoid (top priority)
 A2,B13,B35,B39,B49,B51,B52,B53,B63,B71,B75,B76,B77,B78 

 Moderate (MFI 5,000 to 10,000): Must avoid (2nd priority)
 A25,A69,B8,B18,B38,B45,B46,B57,B58,B59,B62,B72,C5,C15,C18

 Weak (MFI 2,000 to 5,000): Avoid if possible
 A1,A26,A34,A66,A68,B44,B50,B54,B56,B64,B82,C2,C6,C17

 Very weak (MFI 1,000 to 2,000):
 A33,B37,B65,B67

54
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What to do when no platelet transfusion 
is effective

 Consider selecting some platelets by crossmatching
 Test for HPA antibodies (crossmatching is faster)
 Repeat the ABO antibody and HLA antibody testing (every 1-

2 weeks may be necessary)
 Review the HLA types of the platelets, they might not be 

compatible despite being HLA-”selected”
 Consider looking for HPA or platelet-specific antibodies 

(uncommon cause of platelet refractoriness)

55

What to do when no platelet transfusion is 
effective (cont’d)

 Look again for treatable non-immune causes of refractoriness 
(drugs)

 Minimize prophylactic platelet transfusions (no benefit with 
increased risk of harm)

 Consider raising the patient’s hematocrit – improves bleeding 
time

 Consider using anti-fibrinolytics in patients with active 
bleeding (controversial)

 Slow small volume platelet transfusions throughout the day 
(controversial)

56
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Summary

 Make sure poor platelet response is not due to large size of 
patient or of spleen.

 Non-immune causes are common causes of poor platelet 
responses to transfusion.

 Look for ABO and HLA antibodies (repeatedly if necessary).

 New methods of defining acceptable HLA mismatches and 
HLA antibody testing allow for better selection of acceptable 
HLA types.

57

Please visit us in Vermont when it’s nice 
out!

 Thank you for your attention!

 E-mail: Mark.Fung@uvmhealth.org

 Office: +1 802 847 5114


