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Abstract
BACKGROUND—TRALI is the leading cause of transfusion-related deaths. Donor HLA
antibodies have been implicated in TRALI cases. Blood centers are implementing TRALI risk
reduction strategies based on HLA antibody screening of some subpopulations of ever-pregnant
apheresis platelet donors. However, if screening assay cutoffs are too sensitive, donation loss may
adversely impact blood availability.

STUDY DESIGN—Pregnancy history and HLA antibody screening and single antigen bead
(SAB) data from blood donors in the REDS-II Leukocyte Antibody Prevalence Study (LAPS)
were evaluated for correlations between assay screening values, HLA antibody titer, and number
of HLA antigen specificities. The probabilities of matching a cognate antigen in a recipient were
calculated and examined in association with total number of specificities observed and screening
values. The relative impact of imposing various screening assay cutoffs or pregnancy stratification
was examined in relation to detection of HLA antibody reactive donations and loss of donors and
donations.

RESULTS—We provide evidence that higher HLA Ab screening assay values are associated
with maintaining higher screening signals upon dilution and an increased breadth of specificities
compared with lower screening values; the latter correlated with an increased risk of a cognate
antigen match in potential recipients. Depending upon the TRALI risk reduction strategy used, the
potential loss of donations ranged between 0.9 and 6.0%.

CONCLUSION—This analysis should enable blood centers to decide upon a TRALI risk
reduction strategy for apheresis platelets that is consistent with how much donation loss the blood
center can tolerate.
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INTRODUCTION
Based on FDA fatality data, Transfusion Related Acute Lung Injury (TRALI) continues to
be the leading cause of blood transfusion-related deaths1. Between 2005 and 2009, 48% of
all confirmed transfusion related deaths were caused by TRALI: 47% in FY05, 56% in
FY06, 65% in FY07, 35% in FY08, and 30% in FY09. In recognition of this, in November
2006, the AABB published an Association Bulletin that recommended that blood collection
and transfusion centers implement actions to reduce the risk of TRALI2. This included
minimizing the transfusion of plasma-rich components from donors (such as previously
pregnant females) likely to be alloimmunized to human leukocyte antigens (HLA), since
HLA antibodies in donated blood are thought to contribute to a portion of TRALI cases3–5.
However, it should be noted that other factors such as human neutrophil antibodies (HNA)6–
8 and non-antibody substances (such as bioactive lipids)9 may also elicit TRALI reactions.

As of 2009, almost all US blood centers have adopted a TRALI risk reduction strategy of
using transfusable plasma supplied primarily by male or never pregnant female donors1.
With regard to apheresis platelets (and apheresis plasma), many centers have begun to
screen some apheresis donors for HLA Ab based on their pregnancy history1; the specific
triage strategy used at a given center attempts to balance the potential for TRALI risk
reduction against the cost and impact of the strategy on product availability.

The REDS-II Leukocyte Antibody Prevalence Study (LAPS) study was conducted to
measure the prevalence of HLA class I and class II and HNA antibodies in donors with or
without a history of pregnancy or transfusion10. Results from the REDS-II LAPS study have
shown that HLA Ab prevalence was strongly associated with pregnancy history (i.e.,
increased with each pregnancy up to 4 pregnancies)10,11,11,12. LAPS results also showed
HLA Ab prevalence was similar in non-transfused males, transfused males and never
pregnant females10. In addition, since there are various HLA Ab assay platforms available,
REDS-II has subsequently conducted another study to compare the performance of five
different HLA Ab assays on the same sample set13.

A major challenge of screening donors for HLA antibodies is how to decrease the risk of
TRALI for recipients while maintaining an adequate supply of plasma-rich blood products
such as platelets. For those centers using Luminex testing methodologies, it is possible for
the testing laboratory to determine the assay cutoff and consequently several different
cutoffs are currently in use throughout the US14. The underlying assumptions for those
centers selecting higher assay cutoffs is that blood samples yielding higher values on the
screening assay indicate a higher concentration of (i.e. titer)15 and a wider breadth of
antibodies (i.e. greater variety of antigen specificities) compared with samples yielding
lower values on the screening assay and that this translates into a greater risk of a recipient
developing TRALI.

The major aims of this manuscript are to provide evidence supporting the assumptions
concerning assay cutoffs and HLA Ab titer and breadth, and then to evaluate a series of
potential screening options based on various pregnancy histories and assay cutoffs; the latter
assessment was accomplished by projecting apheresis donation loss rates under these
various strategies. This analysis should enable blood centers to decide upon a TRALI
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reduction strategy for apheresis platelets or other blood products that is consistent with how
much donation loss the blood center can tolerate.

MATERIALS AND METHODS
Subject and sample selection

LAPS was a prospective cross-sectional six-center study conducted by the Retrovirus
Epidemiology Donor Study – II (REDS-II) program of the National Heart, Lung, and Blood
Institute. All six REDS-II blood centers participated in the study. These included: American
Red Cross New England region (Dedham, MA), American Red Cross Southern Region
(Douglasville, GA), BloodCenter of Wisconsin (Milwaukee, WI), Blood Centers of the
Pacific (San Francisco, CA), Hoxworth Blood Center/University of Cincinnati Academic
Health Center (Cincinnati, OH) and the Institute for Transfusion Medicine (Pittsburgh, PA).
The REDS-II Coordinating Center is Westat (Rockville, MD) and the REDS-II central
laboratory is Blood Systems Research Institute (San Francisco, CA). LAPS enrollment and
study design have been previously described in detail10. Briefly, donors consenting to the
study provided a blood sample for HLA Class I and II Ab testing and a detailed history of
pregnancy and transfusion. A total of 8171 (6011 females, 2160 males) donors were
enrolled. Females and transfused males were intentionally oversampled. The demographics
(gender, age, race/ethnicity, and parity) of LAPS donors that had a donation screened for
HLA Abs (see below) were: 26% male, 74% female; mean age = 47.1 years (+/− 14.6
years); approximately 90% white, 3% black, 3% hispanic, 2% asian, and less than 2% other
race/ethnicity; and 31% with zero pregnancies, 11% with 1 pregnancy, 23% with 2
pregnancies, 18% with 3 pregnancies, and 17% with 4 or more pregnancies.

HLA Class I and Class II Ab screening—HLA Ab test results were obtained using the
One Lambda (Canoga Park, CA) LabScreen mixed Luminex assay (lot number 13) on
plasma samples from 7,841 blood donors10. Samples were from individual donations from
each of the 7,841 donors; please note that the term donation refers to the number of donation
procedures, not the number of split apheresis products. The assay signal outputs (i.e.
normalized background [NBG] ratios from the highest one of eight multi-antigen beads)
from 1,138 never-transfused males (used as non-alloexposed population) were log
transformed and the mean plus 3, 4, and 5 standard deviations (SD) were calculated
separately for HLA class I (CL-I) and class II (CL-II). The log transformed mean plus 3SD,
4SD, or 5SD potential cutoff values were linearized into the following values: 3SD: CL-I=
10.8; CL-II = 6.9. 4SD: CL-I= 25.4; CL-II = 13.8. 5SD: CL-I= 59.3; CL-II = 27.5. The
LAPS study investigators decided upon the 3SD values for defining HLA positivity, based
on approximately 1% of non-transfused males being reactive for HLA antibodies at that
cutoff10.

HLA Ab titration studies—A total of 96 plasma samples were selected from different
donations and were prepared at varying dilutions. Test samples were diluted with plasma
from a single male donor with low levels of signal on all beads of the HLA Ab screening
assay.

Using a set of lower NBG values previously suggested by the manufacturer, thirty-two
samples were selected from donations that were designated as positive for Class I only (CL-I
NBG >2.2 and CL-II NBG <2.2), 32 from donations that were designated as positive for
Class II only (CL-II NBG >2.2 and CL-I NBG <2.2), and 32 from donations that were
designated as positive for Class I and Class II (both CL-I and CL-II NBG >2.2). Within each
of those three groupings, roughly equal numbers of samples were further selected based on
two further parameters: HLA Ab screening NBG values and the number of Ab specificities
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found in the HLA single antigen bead (SAB) test. Screening assay categories were: Low,
which included donations with screening NBG values greater than 2.2 but less than or equal
to 3SD (CL-I= 10.8; CL-II = 6.9); Medium, which included donations with screening NBG
values greater than 3SD but less than or equal to 4SD (CL-I= 25.4; CL-II = 13.8); High,
which included donations with screening NBG values greater than 4SD but less than or
equal to 5SD (CL-I= 59.3; CL-II = 27.5); and Very High, which included donations with
screening NBG values greater than 5SD. As previously reported, single antigen assay
categories were based on the number of reactive SAB (1, 2 to 3, 4 or more) identified by the
One Lambda LS1A04 or LS2A01 SAB assay using the following cutoffs for determining
reactivity: CL-I Median Fluorescence Intensity (MFI) > 2500; Cl-II MFI > 150011.

Donation Loss—The projected plateletpheresis donation losses were calculated for testing
under different pregnancy triage criteria and antibody cutoffs. LAPS HLA Ab screening
results were weighted for 2007 REDS-II donation data, which included 37% apheresis
donations from females, 66% of whom had a history of prior pregnancy (12% one
pregnancy, 23% two pregnancies, 16% three pregnancies, 15% four or more pregnancies).

Calculated Panel Reactive Antibody (CPRA) calculation—The “CPRA calculator
(available” at http://www.unos.org/resources) was used to calculate the probability that a
randomly selected recipient would have a cognate antigen matching the specific HLA
antibodies in the donor’s plasma. Specific HLA antibodies in the donor’s blood were
determined using the definition of MFI >2500 for CL-I SABs or MFI>1500 for CL-II
SABs11. For this calculation, only donations that had a screening NBG value greater than
the 3SD cutoff were included, as this was the criterion previously used for the initial LAPS
analysis.

Statistical Analysis—SAS (v 9.1.3 (2004) SAS Institute Inc., Cary, NC) was used to
calculate titration curve slopes and the Kendall Tau correlation statistics.

RESULTS
Rates of HLA Ab positivity are higher in ever pregnant females at three HLA Ab screening
assay cutoff thresholds

The positivity rates for HLA antibodies in the LAPS donors were determined using the
>3SD, >4SD, and >5SD HLA Ab assay screening cutoff values (Fig. 1). As previously
reported10 HLA Ab positive rates (determined using the 3SD cutoff for the screening assay)
increased with each pregnancy. In the current analysis, when the higher cutoff values of 4SD
and 5SD were applied, fewer donors were designated as positive, but the observed trend for
rates of positivity to increase with an increasing number of pregnancies remained. Using the
>3SD cutoff, 24% of all ever pregnant females, 27% of females with 2 or more pregnancies,
30% of females with 3 or more pregnancies, and 32% of females with 4 or more pregnancies
were found to have HLA antibodies. Using the >4SD cutoff, between 18% (ever pregnant
females) and 24% (females with 4 or more pregnancies) had HLA antibodies. Using the
>5SD cutoff, the range was between 12% (ever pregnant females) and 15% (females with 4
or more pregnancies) with HLA antibodies.

Screening assay NBG values decreased in a linear fashion in titration studies
In order to examine the assumption that higher values on the screening assay indicate a
higher titer of HLA antibodies, we conducted a titration study to determine the relationship
between initial NBG values and the signal decrease in response to sample dilution. Plasma
samples exhibiting a wide range of screening assay NBG values and representing a range of
HLA SAB specificities were assayed. Slopes were calculated for each sample and were
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correlated with NBG values on corresponding undiluted samples. Titration plots (Fig. 2)
show the log NBG ratio has a linear relationship with the log dilution within the range of
NBG ratios between 2.2 and 100 (for Class I and Class II). The average Class I slope is
−0.555 on the log scale (Standard Error (se)=0.011, p<0.0001), indicating that a 10-fold
dilution results in a 3.59-fold (linear scale) reduction in the NBG ratio. The average Class II
slope is −0.675 on the log scale (se=0.014, p<0.0001), indicating a 10-fold dilution results in
a 4.73-fold reduction in the NBG ratio.

Higher HLA Ab screening values correlate with a broader array of HLA antigen
specificities

Higher values on the screening assay may also indicate an increased breadth of HLA Ab
specificities (i.e., antibodies to a larger number of HLA antigens). In order to examine this,
the LAPS samples were categorized according to both the HLA Ab screening values (Low,
Medium, High, Very High – see Methods section) and SAB assay results. The number of
HLA antigens was based on the number of reactive SABs (0, 1, 2, 3, 4 or >4).

Compared with samples that yielded lower signals, samples with higher signals on the
Luminex-based screening assay were associated with a broader array of specificities (Fig.
3). The majority (85.5% CL-I; 89.0% CL-II) of samples in the lowest screening assay
reactivity category had 0 SABs. The proportion of samples with 0 reactive SABs decreased
as the screening values increased: 43.8% CL-I and 62.3% CL-II of samples in the medium
screen category, 9.1% CL-I and 29.3% CL-II of samples in the high screen category, and
1.4% CL-I and 3.2% CL-II of samples in the very high screen category. The opposite trend
was observed for those with larger numbers of reactive SABs. Kendall’s tau-b statistics
showed highly significant correlations (p<0.001) amongst the screening categories and
single antigen reactivity categories for both CL-I and CL-II antibodies.

Samples with a broader array of specificities or higher HLA Ab screening values have
higher probability of matching a cognate antigen in a recipient

The specific concern about samples with an increasing number of HLA Ab single antigen
specificities is that there may be a greater potential for plasma from such individuals to be
transfused to recipients with at least one cognate antigen. To evaluate this, we estimated the
percentage of recipients that could be expected to have cognate antigen using the Calculated
Panel Reactive Antibody (CPRA) calculator. Donations with a larger number of specificities
tended to have a greater probability of matching cognate antigens in randomly selected
potential recipients, as is seen in Table 1, where the average CPRA values are shown to
increase with increasing numbers of reactive SABs. Donations that screened positive for
CL-I HLA antibodies at the >3SD cutoff (LAPS definition of screen positive) yielded an
average CPRA value of 16.0 when only one reactive CL-I SAB was detected, 20.8 with two
CL-I SABs, 28.1 with three CL-I SABs, 34.8 with four CL-I SABs, and 54.8 with more than
four CL-I SABs. A similar trend was observed for CL-II, where donations that screened
positive for CL-II HLA antibodies at the >3SD cutoff yielded an average CPRA value of
23.5 when only one reactive CL-II SAB was detected, 38.5 with two CL-II SABs, 48.4 with
three CL-II SABs, 55.0 with four SABs, and 76.3 with more than four CL-II SABs. Average
CPRA values over 50 indicate that more than 50% of potential recipients are expected to
have cognate antigen(s). This level was reached with donations that screened positive at the
>3SD cutoff and had more than four CL-I SABs (average CPRA = 54.8) or had four CL-II
SABs (average CPRA = 55.0).

The probability of potential recipients to have cognate antigen(s) also increased with
increasing NBG cutoff levels, regardless of the number of SABs. The overall CPRA for CL-
I at the >3SD cutoff level was 38.6%. This increased to 45.7% at the >4SD cutoff level and
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as high as 63.9% at the >5SD cutoff level. A similar trend was observed for CLI-II, although
not as marked as with CL-I. The overall CPRA for CLI-II was 47.0% at the >3SD level,
49.0% at the >4SD level, and 53.9% at the >5SD level.

Relative impact of imposing higher screening assay cutoffs or pregnancy stratification on
detection of HLA Ab reactive donations was assessed

As a potential TRALI reduction strategy, many blood centers are testing ever pregnant
females or females in certain pregnancy groupings for HLA antibodies. We therefore
examined the impact of testing females with increasing numbers of previous pregnancies on
detection of HLA Ab reactive donations at >3, >4 and >5 SD cutoffs. The >3SD cutoff was
selected for our definition of HLA Ab reactivity in this analysis since that was the cutoff
employed in the primary REDS-II LAPS study manuscript10. By applying the criteria of
testing all females with any history of pregnancy for HLA antibodies, such as is done by
40% of the blood centers polled in the recent AABB survey14, 97% of all LAPS donations
that were reactive above the 3SD cutoff would have been detected (Table 2). If we instead
applied a criterion of testing only females with a history of four or more pregnancies, only
31% of all LAPS donations that were reactive above the 3SD cutoff would have been
detected. In a more stringent scenario that involves testing only females with a history of
four or more pregnancies and also applying the highest cutoff presented in this analysis
(>5SD cutoff), only 15% of all LAPS donations that were reactive (above the 3SD cutoff)
would have been detected. Thus in this last scenario (>5SD cutoff), approximately 85% of
donations that would be considered to have HLA antibodies (i.e. reactive above the 3SD
cutoff) would have been missed.

Since we showed samples with a higher number of reactive SABs are more likely to
demonstrate cognate antigen recognition (CPRA) and may present a greater risk to
recipients, we examined the potential impact of applying various screening cutoffs on
detection of donations with higher numbers of reactive SABs. By testing all females or just
ever pregnant females and applying the >3SD cutoff, between 98 and 99.6% of all screen
positive LAPS donations with a large number (four or more) of CL-I or CL-II SABs were
detected (Table 3). The detection rate of screen positive LAPS donations with four or more
CL-I or CL-II SABs dropped to 15–29% when only females with 4 or more pregnancies and
the highest cutoff analyzed (>5SD) was used.

Projections of potential donation loss vary depending upon screening assay cutoffs and
pregnancy restrictions

In order for blood collection and transfusion centers to make a decision regarding whether to
consider blood donation restrictions based on pregnancy as well as HLA Ab reactivity
levels, it is critical to be knowledgeable about the potential trade-off between apheresis
donation loss and HLA Ab detection associated with imposing various criteria for screening
donations. By restricting plasma and/or platelet donations from females that have any
history of a pregnancy and have HLA Ab reactivity above the lowest threshold (>3SD),
blood centers with a population similar to REDS-II centers (an average of 37% female
apheresis platelet donors, with variation across centers ranging from 35% to 41%16) can
expect to lose approximately 6% of their current apheresis donations (Fig. 4); if newly
recruited apheresis donors have similar proportions of females with similar parity histories
to those represented in the REDS-II blood centers, then similar donation loss would be
expected on an ongoing basis. As the cutoffs and pregnancy restrictions get more stringent,
the donation loss decreases. Donation loss ranged from 0.9% (using the most stringent
criteria presented: four or more pregnancies and >5SD cutoff) to 5.8% (using one of the
most liberal criteria presented: one or more pregnancies and >3SD cutoff).
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DISCUSSION
TRALI risk-reduction strategies have been widely implemented by blood centers and often
involve testing female apheresis donors, or certain subsets of female apheresis donors based
on assessing pregnancy history, for the presence of HLA Ab, which is thought to be a major
cause of TRALI7,8,17. Blood centers performing HLA Ab testing by Luminex technology
have implemented a variety of cutoff levels for HLA Ab assays11. Our study provides data
impacting the operational issue of how to potentially reduce the risk of TRALI by screening
for HLA antibodies while maintaining an adequate supply of blood products. This analysis
is not intended to recommend specific cutoffs. Rather, the data presented here should enable
blood centers to set their own parity and assay cutoffs based on how much donation loss
they can tolerate. Selecting a cutoff requires one to balance enhanced safety with potential
donation loss. Ideally, clinical data would be evaluated in a prospective study to determine
the levels (e.g., end-point dilution titers, NBG ratios, Optical Densities (OD)) and breadth of
HLA reactivities in plasma from HLA-Ab-reactive donations implicated in TRALI cases to
support establishing definitive cutoffs to achieve optimal safety. Although no such
prospective data exist, support for the premise of our analysis is provided by a recent
Japanese retrospective study of recipients with transfusion reactions.18 This study showed
that donor HLA antibody strength as determined by both ELISA and flow cytometry single
antigen bead assays, when combined with reactivity to the recipient’s cognate antigen,
correlated with the occurrence of TRALI.

Our analyses demonstrate that samples yielding higher signals on a Luminex based
screening assay are associated with a broader array of antigen specificities, compared with
samples that yielded lower signals. Donations with a larger number of Ab specificities
tended to have a greater probability of finding cognate antigens in randomly selected
potential recipients; this was seen by the average CPRA values increasing as the NBG ratios
increased (overall) and also as the number of SABs increased (Table 1). Since the majority
of donations in the very high screen category (>5SD) had large numbers of SABs (Fig. 3),
this suggests that donations with very high HLA NBG ratio include those donations that
present the greatest risk to potential recipients. Consequently, establishing higher HLA Ab
screening assay cutoffs may result in removing most of the donations that are associated
with the high risk for TRALI, while minimizing donor/product loss.

In examining the relationship between assay signal strength and Ab titer, titration plots
showed a linear relationship between the log dilution and the log NBG ratio values within
the NBG ratio range of 2.2 and 100. These data support previous findings obtained in the
organ transplant setting by Mizutani et al15 showing that HLA Ab titer was directly
associated with values from Luminex assays. This titration work provides data to allow one
to estimate how diluting (reducing) the plasma in blood components for transfusion can
impact HLA antibody screening values and consequently the levels of HLA Abs infused into
patients. For example, a 3-fold dilution resulted in a 1.84-fold reduction in the CL-I and
2.10-fold reduction in the CL-II NBG ratios. A 3-fold reduction of plasma in an apheresis
platelet component may be achieved by use of platelet additive solutions. Although platelet
additive solutions are used in some European countries, there are no available
hemovigilance data to indicate whether their use reduces the incidence of TRALI.19,20

Imposing a strategy of screening all females and applying higher cutoffs would impact
detection of donations with large numbers of CL-I specificities more so than donations with
large numbers of CL-II specificities. For example, 98% and 95% of those with 4 or more
CL-II SABs were detected at the >4SD and >5SD cutoffs, respectively (Table 4). However,
moving from the >4SD cutoff to the >5SD cutoff had a bigger impact on CL-I SAB
detection. At the >4SD cutoff, 85.0% of those with 4 or more CL-I SABs were detected; this
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detection rate dropped to less than 50% of those with 4 or more CL-I SABs when the >5SD
screening cutoff was applied. The pattern described here for all females was similar in an
analysis that was restricted to ever pregnant females (not shown).

Imposing a TRALI risk reduction strategy of screening females by pregnancy also would
reduce detection of donations with reactivity to large numbers of SABs. The biggest impact
on detection of donations with reactivity to four or more SABs was observed between 2 or
more pregnancies and 3 or more pregnancies, where detection dropped by approximately
one third (average reduction of 28%; range of 14% decrease for CL-I at >5SD cutoff to 32%
decrease for CL-I at >3SD cutoff; Table 3). Moving from the 3 or more pregnancies to 4 or
more pregnancies categories also resulted in a large decrease in detection of donations with
large numbers of SABs, with detection rates declining between 1.9 and 2.0-fold. When both
extreme TRALI reduction strategies were combined, detection of donations with large
numbers of reactive SABs was further reduced; i.e. at the highest cutoff presented (>5SD)
and largest pregnancy restriction (4 or more pregnancies), only 15% of all donations with 4
or more CL-I SABs and 29% of all donations with 4 or more CL-II SABs were detected.

By applying more stringent TRALI risk-reduction strategies, such as screening females with
four or more pregnancies and/or higher HLA Ab screening assay reactivity thresholds,
centers can expect to lose a smaller number of donations. While the most stringent criteria
decreased the loss of donations to less than 1%, using those criteria also caused the
percentage of HLA Ab reactive donations detected to decrease by more than 6.5-fold
compared with a strategy of screening ever pregnant females and implementing the lowest
cutoff (>3SD) presented (Table 2). Additionally, using the most stringent criteria decreased
the detection rate for donations with high numbers of CL-I and CL-II SABs. Therefore,
imposing higher screening assay cutoffs and pregnancy criteria may allow loss of fewer
donations, but in doing so, one needs to carefully consider whether the potential reduction in
detection of HLA Ab reactive donations, particularly those with higher titers and larger
numbers of SAB specificities, is acceptable.

Combining different HLA Ab assay cutoff levels with strategies of triaging female donors to
be tested based on the number of reported pregnancies results in wide variations in the
number of tests performed and the number of HLA Ab reactive donors detected. Although
statistical approaches such as receiver operator curves (ROC) could be applied to generating
a HLA Ab assay NBG cutoff that would be predicted to be “most effective”, the “optimal”
NBG cutoff value with the desired sensitivity for detecting HLA antibodies that cause
TRALI remains unknown. Hashimoto, et. al.18 used the approach of ROC analysis and
determined a range of potential optimal cutoffs (2.0 to 6.5) for an ELISA HLA Ab assay;
those results were based on testing a small number of donations that went to recipients
diagnosed with TRALI (n=32) or other nonhemolytic transfusion reactions (n=36).
However, currently, there is no reliable clinical case information to be able to make this
assessment for the assays used in our study. In the absence of such data, a local
hemovigilance program that monitors the occurrence of TRALI cases in hospitals served by
the blood center, when feasible, could assist the center in assessing the effectiveness of their
intervention strategy.

This study provides blood centers information to help formulate informed decisions on
implementation of pregnancy and assay cut-offs as a potential means to minimize the risk of
TRALI while maintaining an adequate platelet supply. Several blood centers began their risk
reduction programs using high cutoff values (such as >5SD) as well as a high number of
pregnancies (such as 4+ pregnancies) in order to minimize donor and donation loss14.
However, as these centers successfully compensate for the loss of plateletpheresis donors
and platelet inventories become stable after the introduction of a given screening strategy,
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they may wish to identify a larger number of HLA antibody donors (thereby theoretically
increasing their TRALI risk reduction) by lowering either the pregnancy cutoff or the assay
cutoff values. Our data show that the strategy of decreasing the number of pregnancies that
trigger testing and retaining a high NBG cutoff threshold, would be the a more effective way
of detecting donations associated with higher titers and broader specificities than would the
alternative approach of decreasing the assay cutoff and retaining the current pregnancy
triage criteria.

There are some limitations to the estimates of donation loss presented in this manuscript.
First, in projecting donation loss, we assumed a donor and donation gender and parity
distribution that is comparable to the REDS-II centers16. Second, the donation loss estimates
presented here may be overestimating the rate of component loss since it is likely that
females make fewer annual apheresis donations than do males and are also less likely to
have their plateletpheresis split into two or three transfusable apheresis units. Thirdly, these
estimates of donation loss from current blood donors do not reflect the loss of a similar
percentage of donations from newly recruited donors if centers continue to recruit female
apheresis donors. If newly recruited parous female donors were to be recruited in a similar
proportion, then similar rates of future donation loss would be expected.

It is possible that potential TRALI risk for recipients may be more accurately linked to the
average overall PRA of the transfused component than to the number of SAB specificities.
The average calculated PRA for different groups of donors, grouped by NBG ratio and by
number of SAB specificities is shown in Table 1. The overall calculated PRA for donors
classified as HLA antibody positive at each screening cutoff level can be assessed by
multiplying the proportion of donors with the designated number of SAB specificities at
each cutoff (derived from Figure 3) by the PRA for that number of SAB specificities
(derived from Table 1). Figure 3 shows that the largest proportion of donors with high
numbers of SAB specificities were found in the group that was reactive at >4 SD for Class I
(High or Very High in Figure 3) and >5 for Class II (Very High).. Table 1 shows that this
group of donors also had the highest average PRAs calculated. When combined, these two
observations clearly demonstrate that the largest proportion of risk for potential cognate
antigen-antibody interactions in recipients is found in donors that are screened as positive at
the higher cutoff levels.

A limitation of the information in Table 1 is that samples demonstrating antibodies against
HLA-C and HLA-DP specificities (approximately 30% for the group with >4SAB but <10%
for the other groups) were excluded because those specificities could not be entered into the
CPRA calculation. These donors would be expected to have higher CPRA values on average
because the majority of them also had antibody specificities against HLA-A, B, DR and/or
DQ specificities. Donors with HLA-C and DP specificities were predominantly within the
groups with >4 SAB specificities at the higher cutoff values. It should also be pointed out
that a fraction (approximately 12.5%) of donors that screened above NBG 2.2 demonstrated
antibodies against both Class I and Class II specificities, which would also raise the CPRA
above the levels shown in Table 1. These were also predominantly within the >4 SAB
groups at higher cutoff values. Finally, the PRAs included in the Table are calculated values
rather than values obtained from in – vitro PRA assays. Although these limitations suggest
that the number of SAB specificities may not be a direct surrogate for measured PRA, our
analysis nevertheless establishes a correlation between number of SAB specificities and the
likelihood of a cognate antigen-antibody match.

The three screening cutoffs examined in this analysis are not meant to be definitive numbers
to be used by centers using Luminex technology. Rather, they should be viewed as
illustrative to help describe the impact of implementing moderate, high, or very high cutoffs
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for HLA Ab screening assays. Different HLA Ab screening assays will require different
cutoffs to yield comparable performance13, in terms of detection of HLA Ab positive
donations and donor loss, to those reported here. Additionally, sample type (plasma or
serum)21 and lot-to-lot variation can alter assay signal strength. Furthermore, the results
presented here are based on the REDS-II LAPS cohort. While LAPS included donors from
across the country, an individual blood center’s own donor population may vary from the
demographics of LAPS donors10. Centers are therefore encouraged to determine their own
cutoffs using their own population of non-alloexposed donors and their chosen HLA Ab
assay.
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Figure 1. HLA Ab screen reactive rates in LAPS donations at >3SD, >4SD, or >5SD cutoffs by
pregnancy
The percent reactive donations at the various HLA Ab screen assay cutoffs was determined.
3SD cutoffs = 10.8 for Class I, 6.9 for Class II. 4SD cutoffs = 25.4 for Class I, 13.8 for Class
II. 5SD cutoffs = 59.3 for Class I, 27.5 for Class II. Denominators used in the calculations of
reactivity rates were: n=1138 non-transfused males, 5834 all females, 1816 never pregnant
females, 3992 females with 1 or more pregnancies, 3358 females with 2 or more
pregnancies, 2051 females with 3 or more pregnancies, and 993 females with 4 or more
pregnancies.
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Figure 2. HLA Ab screening NBG values at various dilutions
A) Class I HLA Ab results; B) Class II HLA Ab results. The lines connect the results for
each individual sample at various dilutions.
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Figure 3. Number of SAB serological specificities in donors who screened positive with different
screen cutoffs
Class I data (A) and Class II data (B) were categorized by screening result and SAB
reactivity. See text for more information regarding these categories.
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Figure 4. HLA Ab screening reactivity rates and projected donation loss under various potential
TRALI reduction strategies
The potential loss of donations at the various cutoffs if blood centers implemented a policy
of testing ever pregnant females (triangles), females with 2 or more pregnancies (open
circles), 3 more pregnancies (boxes), or 4 more pregnancies (closed circles).
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