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Abstract
Background—The overall risk of hemolytic transfusion reactions from plasma (minor)
incompatible platelet transfusions and the role of a critical anti-A or anti-B titer in predicting/
preventing these reactions has not been clearly established.

Methods—We evaluated all apheresis platelet (AP) transfusions for three months. Using the gel
titer method, we determined the anti-A and/or the anti-B IgG titer for all incompatible APs.
Reported febrile transfusion reactions and hemolytic transfusion reactions (HTRs) were recorded;
transfusions were not prospectively evaluated by the study team. A post-transfusion DAT and
eluate were performed after a reported febrile or hemolytic reaction for patients who received
plasma incompatible APs.

Results—647of 4,288 AP transfusions (15.1%) were plasma incompatible. Group O APs (N =
278) had significantly higher anti-A and anti-B titers than group A or B APs (p<0.0001). No group
A or B APs had a titer >128 (0/342). For group O APs, 73 had titers ≥256 (26.3%), and 27 had
titers ≥512 (9.7%). No HTRs were reported to any plasma incompatible AP transfusion during the
study period. Two plasma incompatible AP transfusions were associated with fever/chills and
positive DATs, of which one had a positive eluate. The incidence of a DAT and eluate positive
febrile transfusion reaction in the plasma incompatible AP population is 0.15% (95% CI 0.0–
0.86%).

Conclusion—A critical anti-A or B titer is not sufficient to predict the risk of hemolysis in
patients receiving plasma incompatible APs, although underreporting of reactions to the blood
bank may limit the generalizability of this study.
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INTRODUCTION
Hemolytic transfusion reactions are a known risk of ABO plasma (minor) incompatible
apheresis platelet (AP) transfusions.1,2,3 Approximately 10–40% of patients today in the
United States receive plasma incompatible platelet transfusions, but hemolytic reactions
remain a rare event.1 The risk of a hemolytic transfusion reaction due to passive transfusion
of anti-A and/or anti-B antibodies ranges widely from 1:2,000 to 1:46,176, depending on
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whether the evaluation is based on numbers of transfused products or transfusion
events.1,4–6 These reactions are likely rare due to the capacity of the body to dilute
incompatible ABO antibodies, as the A and B antigens are found on multiple epithelial
tissues and are present on plasma proteins other than red cells.1,7,8 Moreover, while high
titers of anti-A and anti-B should logically be more strongly associated with the
development of symptoms than lower titers, case reports of adults who develop hemolysis
due to plasma incompatible AP transfusions demonstrate that titers less than 128 can cause
symptoms.1,8,9

Reducing the risk of hemolytic reactions due to plasma incompatible AP transfusions has
been an area of increasing interest. The AABB standards state that “the transfusion service
shall have a policy concerning transfusion of components containing significant amounts of
incompatible ABO antibodies of unexpected red cell antibodies.”10 Many countries in
Europe already have universal policies for preventing hemolytic reactions from plasma
incompatible platelet transfusions.8 However, transfusion services in the United States do
not have a defined uniform policy.9 A few labs have published data on the effect of using a
critical anti-A and anti-B titer threshold to prevent and/or reduce the risk of these
reactions.4,7,11 Based on these studies, it remains unclear whether this method is the best or
most cost-effective approach. Moreover, to our knowledge, no study to date has
systematically correlated clinical symptoms of hemolytic transfusion reactions, such as
development of a fever, with the ABO antibody titer of the transfused product.

When plasma compatible platelets are not available in inventory and platelets are urgently
needed, our institution currently reduces the risk of hemolytic transfusion reactions in adults
by limiting the volume of transfused plasma incompatible AP products to 600cc in a 24 hour
period. Under this protocol, a previous four year retrospective study at our institution
demonstrated the incidence of overt hemolytic transfusion reactions to be 2 in 3816 plasma
incompatible AP transfusions (0.05%); anti-A titers in the AP products that caused these
reactions were 32 and 512.12 We hypothesized that evaluation of transfusion reactions
consisting of any symptom suggestive of acute hemolysis, including isolated fever or chills,
would increase the sensitivity of identifying a HTR due to plasma incompatible AP
transfusions; thus, more accurately estimating the incidence of hemolysis from plasma
incompatible AP transfusions, and more accurately defining the role of critical plasma
incompatible titers. Consequently, we systematically evaluated the anti-A and anti-B titer for
all plasma incompatible AP transfusions that occurred over a three month period, and
correlated these titers with the development of clinical symptoms suggestive of a hemolytic
transfusion reaction.

METHODS
Platelet Products

All platelet products evaluated were irradiated, leukoreduced apheresis platelets (APs). All
individuals who received a plasma incompatible ABO AP transfusion from December 3,
2010 until February 27, 2011 were included in the study. The study was approved by the
Johns Hopkins Medical Institutions Institutional Review Board.

The policy of the Johns Hopkins Hospital transfusion service is to provide plasma-
compatible AP products for all children (age ≤ 18 years) and all oncology patients ≤ 40 kg.
While every attempt is made to provide compatible products for all patients, those patients
for whom plasma compatible AP products are not available are allowed up to 600 cc of
incompatible plasma in a 24 hour period. If a patient requires greater than 600 cc of
incompatible plasma, the attending blood bank physician is contacted, and approval of
additional blood products and/or product manipulations are made.
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Transfusion Reactions
At The Johns Hopkins Hospital, it is an institutional requirement to report all suspected
transfusion reactions. Hemolytic transfusion reactions are defined as the presentation of
clinical symptoms and signs of red cell hemolysis with supportive laboratory documentation
of a hemolytic event due to incompatible antibodies (see http://www.aabb.org/programs/
biovigilance/Documents/diagnose_full.html).13 Febrile transfusion reactions are clinically
defined as a rise in 1°C to a level at or above 38.0°C and/or chills during or temporally
associated with a platelet transfusion. Other potential etiologies of the fever are taken into
consideration by the blood bank team. The final evaluation and diagnosis of a febrile
transfusion or a hemolytic transfusion reaction was documented by transfusion medicine
physicians. Chart audits were not performed to evaluate the consistency of transfusion
reaction reporting, so it is not known to what extent there was underreporting of reactions.

For research purposes, a DAT and subsequent eluate (if the DAT was positive) was
performed on post-transfusion patient blood samples after a reported febrile event for all
patients who received plasma incompatible APs. The DAT and eluate were tested using
standard procedures.14 Additionally, a visual hemolysis check was done on post-transfusion
patient samples after a reported plasma incompatible-associated febrile or hemolytic
reaction.

Chart Review
We retrospectively reviewed the available medical records on all patients who received a
transfusion with a high IgG titer (defined as ≥ 512) and all patients who developed a fever
associated with a plasma incompatible AP transfusion. We also identified two control
groups. The first control group consisted of patients who were clinically similar to the high
titer group and received a plasma incompatible transfusion with an IgG titer ≤ 32 (defined as
low titer). The second control group consisted of patients who were clinically similar to the
high titer group and received plasma compatible APs. We evaluated age, weight, primary
diagnosis, and reported bleeding during the transfusion events. The change in hemoglobin
from pre- and post-transfusion was evaluated and recorded if 1) no red cell product was
administered before the second hemoglobin result, 2) both hemoglobins were obtained
within 48 hours of the transfusion in question, and 3) the patient did not have clinical signs
of bleeding.

ABO antibody titer methodology
While all AP samples were obtained prospectively, the subsequent ABO IgG antibody
titration studies for all AP units were performed retrospectively and were performed 1–4
weeks after the transfusion. Consequently, titer results were not available to influence
transfusion decisions or transfusion reaction evaluations. The samples collected from the AP
units were centrifuged for five minutes and the supernatant was stored between 1–6°C. One
of three skilled technologists serially titrated each sample utilizing a calibrated pipet with
0.9% saline until a negative reaction was obtained.

The titers were tested with A1 and/or B cells depending on the ABO type of the unit and the
ABO type of the patient. The A1 and B cells (Immucor, Inc., Norcross, GA) were prepared
using MTS™ Diluent 2, a hypotonic buffered saline solution to a 0.8% cell suspension. Each
dilution was tested using ID-MTS™ Anti-IgG gel cards (Ortho Clinical Diagnostics, Inc.,
Raritan, NJ). It is important to note that MTS™ gel cards are designed to detect IgG, but
IgM can contribute to positive readings to an undefined degree. The high throughput
efficiency afforded by gel cards was desirable for the multiple titers required for the study.
Fifty microliters of 0.8% A or B cells were added to the wells of the gel card followed by
twenty-five microliters of the appropriate sample dilution. The cards were incubated at
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37.0°C for fifteen minutes and then centrifuged for ten minutes. The reactions were graded
from 0 to 4+. The titer was reported as the reciprocal of the highest dilution yielding a 1+ or
greater reaction. Titers ≥ 512 were considered high for the purposes of this study. Control
samples of known titer were stored at 4°C along with test samples and were run with each
titer set. Results were consistently within a one tube dilution. The stability of the titer results
were validated by testing the anti-A and -B titer of five different AP samples both on the day
of platelet expiration, and after 2 weeks of storage 4°C. No titer result was different after
storage.

Statistical analysis
Summary statistics and statistical analyses were performed using Vassarstats (http://
faculty.vassar.edu/lowry/VassarStats.html), Microsoft Excel (Redmond, WA) and Stata
v11.2 (College Station, TX). Confidence intervals for binary outcomes were calculated
using exact methods. Sensitivity and positive predictive value calculations were also
performed. True positives were defined as a plasma incompatible transfusion that resulted in
a fever and a positive DAT. Hypothesis testing was performed for continuous variables with
either a two-tailed Student’s t-test assuming unequal variance for two categories or an
ANOVA for three categories; Fisher exact test was used for dichotomous frequency
variables; and Kruskal-Wallis test for ordinal variables. Spearman correlation was used to
compare the relationship between transfused volume and subsequent hemoglobin change,
and a non-parametric test for trend (Cuzick method) was used to evaluate how hemoglobin
changes trended among groups.

RESULTS
ABO titers

Over the 3 month study period, 4,288 AP units were transfused. Of these, 647 (15.1%) AP
transfusions were to plasma incompatible patients. Samples from 620 of the 647
incompatible AP transfusions were available for titer evaluation. Figure 1 shows the IgG
anti-A and anti-B titers found for the 620 AP products. No group A or B APs had an IgG
titer >128 (0/342). In contrast, group O AP products (N = 288) had significantly higher IgG
anti-A and anti-B titers than group A or B AP products (p<0.0001). Median group O anti-A
titers were 128 (range: 1 – 2048) and median group O anti-B titers were 32 (range: 4 –
1024). For group O APs, 73 had IgG titers ≥ 256 (26.3%), and 27 (transfused to 17 different
patients) had titers ≥ 512 (9.7%).

Transfusion reactions associated with ABO mismatched APs
During the study period, no hemolytic transfusion reactions were reported. Twenty-six
transfusion reactions with fever were reported: 4 (15.4%) from plasma incompatible
transfusions, 8 (30.8%) from major ABO incompatible transfusion, and 14 (53.8%) from
ABO identical transfusions. The proportion of reactions with fever was similar between
plasma incompatible AP transfusions (4/647, 0.62%) and all other AP transfusions (22/3641,
0.60%, p=0.67). As shown in Table 1, 3 of 4 (75%) were adjudicated as a febrile non-
hemolytic transfusion reaction. None of the four patients received additional out-of-group
APs during the 24 hours associated with the febrile reaction. There were two patients with
febrile transfusion reactions (who each received two different plasma incompatible AP
products) who had a positive post-transfusion DAT; one patient (products with anti-B titers
of 16 and 2) had a negative eluate and one patient (products with anti-A titers of 2048 and
128) had a positive eluate suggestive of hemolysis. As acute hemolysis was not suspected
clinically at the time of the transfusion, no supportive tests, such as LDH or haptoglobin,
were obtained. Consequently, the DAT positive transfusion reactions were probable for
acute hemolysis according to hemovigilance criteria.13 All four plasma incompatible AP
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transfusions that were associated with a fever were also associated with a drop in
hemoglobin, regardless of antibody titer (median: −1.8 g/dL) between 4–20 hours after the
transfusion. The incidence of developing a transfusion reaction associated with a positive
DAT and eluate from a plasma incompatible AP transfusion was 1/647 (0.15%, 95% CI 0.0
– 0.86%); or 1 in 27 high titer (titer ≥ 512) transfusions (3.7%, 95% CI 0.09%–19.0%).

Table 2 shows the clinical data from 17 patients who received an AP transfusion with an
IgG titer ≥512 (19 transfusion events), clinically matched patients who received plasma
incompatible AP transfusions with titers ≤32 (23 transfusion events), and matched controls
who received ABO plasma compatible transfusions (28 transfusion events). None of the
individuals in these three groups developed clinical symptoms of a hemolytic or febrile
transfusion reaction during the analyzed transfusion events. The three groups were similar in
gender distribution, patient age, patient weight, diagnosis, ABO group, and plasma volume
transfused (p > 0.05). Patients in all 3 groups had a drop in hemoglobin. While, there was
not a statistically significant difference in hemoglobin changes among the three groups
(P=0.06), a test for trend showed larger hemoglobin decreases as incompatibility increased
from plasma compatible to plasma incompatible low titer (≤32) and to plasma incompatible
high titer (≥512) transfusions (P=0.02).

Table 3 demonstrates the relationship between the volume of plasma transfused and the
change in hemoglobin for the two groups who received incompatible plasma and a plasma
compatible control group. There is a stronger negative correlation with volume transfused
and decreasing hemoglobin among the plasma incompatible platelet transfusions, as
compared to plasma compatible transfusions.

We lastly evaluated the sensitivity, specificity, and the positive predictive value of the ABO
titer using different ABO titer thresholds to predict a DAT positive transfusion. The positive
predictive value was low across all titer thresholds, and reached a value of 0.33 only when a
titer threshold of 2048 was used. Sensitivity also was poor, and remained 0.5 until lower the
titer threshold to ≥ 16. Sensitivity analysis is limited by the occurrence of only two DAT
positive transfusion reactions. Specificity was 88% using a titer cutoff of ≥ 256 and 96%
using a titer cutoff of ≥ 512.

DISCUSSION
The goal of this study is to estimate the frequency of clinical and subclinical hemolysis
attributable to plasma incompatible AP transfusions and determine at what IgG titers and at
what transfused volumes these reactions occur. Our study revealed a low incidence of any
transfusion reaction to minor plasma incompatible AP transfusions. Additionally, there is
evidence for subclinical hemolysis after plasma incompatible AP transfusion: we observed a
greater drop in post transfusion hemoglobin with increasing ABO titers and volumes of
plasma incompatible transfusion.

We find that a large proportion of our transfused plasma incompatible APs have a high IgG
anti- A/B titer. Specifically, at our institution, nearly 10% of our transfused group O APs
had a titer ≥512, and 26.3% had titers ≥ 256. This finding is consistent with prior reports.
Specifically, Larsson et al. (2000)6 report a prevalence of 10–20%, and a more recent study
by Josephson et al.11 report anti-A/A,B gel test titers of ≥ 256 in 39% of units.

Based on the large number of ABO “high” titer mismatched AP transfusions, one might
expect to observe hemolytic transfusion reactions more frequently. However, hemolysis due
to incidental infusion of ABO incompatible plasma is known to be uncommon. Larsson et
al.6 found an incidence of 1 in 6600 when looking at all platelet transfusions, and Mair and
Benson5 determined a hemolytic reaction frequency of 1 in 9000 when looking at only
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plasma incompatible platelet transfusions. To increase the sensitivity for observing plasma
incompatible AP transfusion-related hemolysis, we evaluated any plasma incompatible AP
transfusion reaction associated with any symptom consistent with hemolysis, including
isolated fever and/or chills. We find evidence for a hemolytic reaction in 1 of 647 plasma
incompatible AP transfusions, or 1 of 4288 AP transfusions.

To our knowledge, our study is the first to document a direct correlation between platelet
product ABO plasma incompatibility and changes in hemoglobin. Mair and Benson5

evaluated 24 ABO compatible and 24 ABO incompatible platelet transfusions in a matched
oncology cohort and found no significant change in hemoglobin between the 2 groups.
Unlike Mair’s findings, we show incompatible plasma results in a slight increase in
hemoglobin loss that in part depends on volume transfused and plasma incompatible titer.

Factors other than the anti-A and anti-B titer are also believed to contribute to the associated
risk of hemolysis.1 Studies have shown that documented hemolytic transfusion reactions
have occurred from plasma incompatible platelet transfusions with antibody titers
considered to be low (≤ 64).1,12,15,16 It is well established that A and B antigens are known
to be present on multiple tissues and plasma proteins in addition to red cells.1,7,8

Consequently, as potentially clinically significant anti-A or B antibodies are adsorbed by
many tissues soon after transfusion, one would expect that only high titers of these
antibodies could overcome this effect. Additionally, the total plasma volume of both the
patient and the transfused unit may partially explain this apparent contradiction, and has
been suggested to be of considerable importance1 for predicting hemolytic transfusion
reactions to ABO mismatched platelet products.

Regulatory agencies including the AABB and CAP require that blood banks have a policy to
prevent hemolytic reactions from plasma incompatible plasma-containing products. There is
currently no standard policy in the US, and this is represented by the diversity of policies
demonstrated in a recent survey by Fung et al.9 In this survey, only 83% (2623/3156 labs) of
all labs have a policy. However, many labs have a non-specific policy, such as notifying an
ordering physician or medical director if a plasma incompatible platelet transfusion occurs.
Practice in Scotland and England is to screen for high titer platelet products and only
transfuse products to plasma incompatible patients if the product has a titer lower than 50 or
100, respectively.4,17 About 2% of labs in the United States have also attempted and
published similar policies.9 Cooling et al., for instance, proposed a critical titer of 128–2007,
and most recently, Quillen et al., has proposed a critical titer of 250.4 These methods may
not be feasible in all blood banks. Other strategies to prevent hemolytic reactions from
plasma incompatible platelets have been proposed. Strategies to remove or reduce exposure
to the offending plasma have been used by some transfusion services. More restrictive
policies, such as using only ABO plasma compatible platelets have also been reported.9

Documentation that titer methods prevent hemolytic transfusion reactions is not clear.
Quillen et al. note that since starting universal screening, they have not had a single
hemolytic transfusion reaction to a platelet product, and they note that they had an incidence
of 1 in 2460 prior to implementing universal screening.4 Josephson et al. hypothesize that
their method could prevent 2 hemolytic reactions per year at their institution.11 Lastly, the
hemovigilance system in England has reported that platelets account for 20% (9/44) of acute
hemolytic reactions overall, and 33% (3/9) of acute hemolytic reactions in children.18,19

It has been recently shown that platelets stored in platelet additive solution (PAS) are
effective and reduce adverse events associated with platelet transfusions.20–22 As PAS
effectively reduces the plasma from a platelet product, it may also reduce the incidence of
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hemolysis due to incompatible plasma. It is not yet knownwhether PAS platelets will be a
cost-effective strategy for the reduction of hemolytic reactions.

Our findings have limitations. Although our study included active surveillance with seven
platelet coordinators that round daily on oncology platelet recipients, we did not have active
surveillance for transfusion reactions for all platelet recipients. We did not screen all plasma
incompatible AP transfusions for evidence of hemolysis; rather, we relied on reporting from
the clinical units before conducting DATs. Due to the retrospective nature of this study, we
were also unable to confirm that the two patients who did have a positive DAT after the
incompatible transfusion, did not have a positive DAT prior to the transfusion of interest.
Our results would likely have a higher sensitivity for detecting hemolytic reactions if we
employed prospective, standardized evaluations for hemolysis, but performing these
evaluations on every plasma incompatible transfusion is prohibitive. In evaluating fever, we
did exclude TRALI and septic transfusion reactions, but we could not exclude other causes
of fever, such as an underlying medical condition. Most patients were receiving platelet
support due to aplasia from chemotherapy. Consequently, marrow suppression likely
explains the fall in hemoglobin for most patients, regardless of the platelet transfusion.
Lastly, we evaluated over 600 consecutive plasma incompatible AP transfusions, but our
patient population of interest was still relatively small as far as observing for an overt
hemolytic reaction, which is a rare event. Nevertheless, there were adequate numbers of
febrile and other reactions to observe for more subtle signs of hemolysis. The MTS™ gel
card method is designed for IgG detection but can detect IgM antibodies to an undefined
extent, so our titer results are not exactly comparable to other methods. The relative
contributions of IgM and IgG antibodies in plasma incompatible transfusion to in vivo
hemolysis (both intra- and extra-vascular) is not known. Generalization of the clinical
associations with the titer results presented is limited to other studies using this method.

In summary, our study demonstrates that hemolysis to plasma incompatible APs may be
mild and unreported. While plasma compatibility is an important factor for predicting
hemolysis, the IgG antibody titer, in itself, is of limited predictive value. Transfusion
volume and recipient factors also likely affect the risk of hemolysis. Future studies
evaluating plasma incompatible platelet transfusion should evaluate factors in addition to
ABO plasma incompatible titer.
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Figure 1.
Incompatible anti-A (top) and anti-B titer frequencies (bottom) from apheresis platelet units
transfused to ABO incompatible patients*
*Titers for group O platelets transfused into AB recipients are split between the appropriate
graphs. Numbers of platelets with each titer are shown below each titer level.
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Table 2

Demographic, transfusion, and lab data for 17 clinically asymptomatic plasma incompatible AP recipients of
low and high antibody titer and 17 matched control recipients who received ABO compatible APs.

No clinical reaction:
Compatible plasma

(n=28)

No clinical reaction:
Incompatible titer ≤ 32

(n=23)

No clinical reaction:
Incompatible titer ≥ 512

(n=19) P

Male (%) 75 65.2 68.4 0.76

Age, years 59 (45–67) 48 (29–65) 57 (40–66) 0.61

Weight, kg 77.1 (65.4–95.4) 77.7 (65.0–94.0) 74.5 (60.1–88.0) 0.57

Oncology Dx (%) 100 100 89.5 0.07

Patient ABO Group, A/ B/ AB (%) 82.1/10.7/7.1 52.3/21.7/26.0 73.7/10.9/15.8 0.22

Volume transfused, cc 370 (200–587) 281 (192–522) 291 (220–365) 0.26

Incompatible anti A/B titer NA 32 (16–32) 512 (512–1024) < 0.0001

Change in Hb, g/dL −0.4 (0 to −0.7) −0.7 (−0.4 to −0.8) −0.8 (−0.5 to −1.0) 0.06

Data are presented as medians (IQR) or as indicated.
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Table 3

Correlation of transfusion volume and pre-post transfusion hemoglobin change, according to incompatibility
group

Group Spearman rho P

Plasma compatible (n=28) 0.25 0.21

Titer ≤ 32 incompatible (n=23) −0.17 0.44

Titer ≥ 512 incompatible (n=13) −0.43 0.14
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