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Abstract

BACKGROUND—It is thought that HLA antibodies might contribute to the pathogenesis of
transfusion-related acute lung injury (TRALI). Many methods exist to detect HLA antibodies,
including ELISA, flow cytometry, and multiplex bead-based assays, as well as the older
lymphocytotoxicity assay. The sensitivity of each of these testing platforms varies, and it is not
obvious how to compare HLA antibody results obtained on different platforms. This issue has
become increasingly important as some blood centers have begun HLA antibody apheresis donor
screening as a TRALI risk-reduction measure.

STUDY DESIGN AND METHODS—525 serum samples were selected from 7,841 donors in
the Leukocyte Antibody Prevalence Study (LAPS) repository based on risk for the development of
HLA antibodies, using the number of pregnancies as the risk factor. There were 81 males, and the
pregnancy history of the 444 female donors was 0 (n=187), 1 (n=67), or 2+ pregnancies (n=190).
Replicate frozen serum aliquots were sent to four different assay manufacturers blinded for HLA
Ab detection using five different assays.

RESULTS—Among the assays with different manufacturer designated cutoffs, the flow
cytometry and multiplex bead based-assays (Luminex) typically resulted in a larger proportion of
HLA Ab positive samples compared with ELISA based assays. Capitalizing upon having
quantitative results from five different assays on the same group of samples, latent variable
analysis was used to derive a new set of cutoffs. These cutoffs, termed consensus cutoffs, yielded
similar sensitivities across test platforms, thereby increasing concordance amongst assays. Assay
agreement was higher in ever pregnant females than in males and never pregnant females.

CONCLUSION—Different assays resulted in varied positivity rates when the manufacturer’s
suggested cutoffs were used, demonstrating that care needs to be taken when comparing clinical
outcomes data generated using different HLA antibody assays and testing platforms. The method
used here, involving latent variable analysis, presents one possible approach to calculating
comparable cutoffs that result in broad agreement across assays with respect to positivity
designation.

Corresponding Author: Philip J. Norris, M.D., Blood Systems Research Institute, 270 Masonic Avenue, San Francisco, CA 94118,
Tel: (415) 923-5769, Fax: (415) 567-5899, pnorris@bloodsystems.org.
Please address reprint requests to Philip Norris.

Conflicts of interest: PIN received a speaker’s honorarium from One Lambda. The other authors state no conflicts.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Carrick et al. Page 2

INTRODUCTION

Antibodies generated against human leukocyte antigens (HLA) have long been recognized
in subjects who have been exposed to alloantigens, such as previously pregnant women 1
and transfusion recipients 2. These antibodies play a role in rejection of transplanted organs
3 and in development of refractoriness to platelet transfusions 4. It has been also been
proposed that HLA antibodies in blood donors can cause transfusion related lung injury
(TRALLI), a leading cause of transfusion related mortality reported to the FDA in recent
years 56, The cause of TRALLI is an area of active research, with possible causes including
soluble inflammatory mediators in transfused plasma ’, human neutrophil antigen (HNA)
antibodies 89, as well as HLA antibodies 10. Blood banks have taken active steps to reduce
TRALI incidence, including deferral of donors whose products were associated with TRALI
cases and screening platelet and plasma apheresis donors for HLA antibodies 11

The classic method for detection of HLA antibodies is the lymphocytotoxicity assay, which
relies on lysis of cells expressing the HLA antigen of interest if the corresponding matching
HLA antibody is present in the test serum 12:13, More recently developed techniques with
increased sensitivity include ELISA 14, multiplex bead-based assays using the Luminex
platform 15, and flow cytometry assays 16. Each of the assay formats has its relative
strengths and weaknesses, such as assay throughput, sensitivity, dynamic range and cost. All
three assay types have been developed as potential testing modalities for blood bank use in
screening donors as a TRALI risk reduction measure. However, while many blood centers
have already, or are in the process of implementing HLA antibody screening of donors at
risk for alloimmunization, there is no industry standard as to which assay platform should be
used. Given that results are being generated with different assays, it would be useful to know
how these results can be compared. The current analysis utilized a well characterized panel
of blood donor specimens to compare a number of commercially available and prototype
HLA antibody detection assays. Results were analyzed using manufacturers’ suggested
cutoffs and using a “consensus” cutoff designed to maximize agreement amongst assays.

MATERIALS AND METHODS

Subject and sample selection

LAPS (Leukocyte Antibody Prevalence Study) was a prospective cross-sectional six-center
study conducted by the Retrovirus Epidemiology Donor Study — Il (REDS-II) program of
the National Heart, Lung, and Blood Institute. All six REDS-I1 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-11 Coordinating Center is Westat
(Rockville, MD) and the REDS-I11 central laboratory is Blood Systems Research Institute
(San Francisco, CA). LAPS enrollment and study design have been previously described in
detail (Triulzi et al 2009). Donors consenting to the study provided a blood sample for HLA
Class | and Il antibody 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.

We used a stratified random design to select 525 REDS-11 donors and their serum samples
from the LAPS repository of 7,841 donors previously tested for HLA antibodies 17. Donors
were selected based on the availability of adequate serum samples and risk for the
development of HLA-antibodies, specifically using gender, transfusion status, and the
number of pregnancies as strata. Blinded serum samples from 268 never pregnant donors
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(81 non-transfused males and 187 nulliparous women) and from 257 ever pregnant donors
(67 women with one pregnancy and 190 women with more than one pregnancy) were
selected. A total of 525 donors was selected due to budgetary constraints. There were only
81 non-transfused males and 67 women with one pregnancy that had adequate serum
samples for this study, and thus, all were selected. Roughly equal numbers of donors within
the strata of nulliparous women and women with more than one pregnancy were then
randomly selected. The samples were sent to the sent to the following manufacturers for
determination of the presence of HLA Class | or Class Il antibodies: GTI Diagnostics
(Waukesha, WI) for analysis using the DonorScreen, QuickStep ELISA assay, One Lambda
(Canoga Park, CA) for analysis using the Lambda Antigen Tray, LATM, ELISA assay,
Tepnel Lifecodes (Stamford, CT) for analysis using the Lifescreen Luminex assay, and
Transfusion & Transplantation Technologies (3Ti; Atlanta, GA) for analysis using the Aegis
System flow cytometry assay. Replicate serum aliquots with the same freeze-thaw history
were used, with the exception of the samples for 3Ti testing, which had undergone one
additional freeze thaw cycle. Previous HLA antibody test results had been obtained at the
REDS-I1I Central Laboratory using the One Lambda LabScreen mixed Luminex assay.

HLA antibody assays

GTI Diagnostics QuickStep (ELISA)—Samples were assayed by GTI using the
QuickStep assay according to the product insert. GTI determined a sample to be positive for
Class I or Class Il, if the Optical Density (O.D.) value was greater than or equal to the
cutoff, where the cutoff was calculated as 2x the mean of the O.D. values of the negative
control, as described in the product insert. Normalized O.D. values were also calculated to
account for assay run variability by expressing the results for a given sample as a ratio of the
sample to cutoff O.D. values (sample O.D. value/cutoff O.D. value).

One Lambda LATM20 (ELISA)—Samples were assayed by One Lambda using the
LATM20 assay according to the product insert. As recommended in the product insert,
samples were determined to be positive for Class I if their averaged values obtained in the
Class I wells were greater than the calculated 20% cutoff (calculated according to the
LATM product insert); if the values were less than or equal to the 20% cutoff, they were
determined to be negative. Class Il positive and negative determinations were made in a
similar fashion, using values obtained from the wells containing Class Il antigens.
Normalized test values were also calculated to account for assay run variability by
expressing values for each sample (Average Test Value — Average Negative Control) as a
percent of the total range (Average Positive controls — Average Negative controls).

One Lambda LABScreen Mixed (Luminex)—Previously, LAPS samples were
screened for the presence of HLA antibodies using the One Lambda LABScreen Mixed
(LSM12) assay on the Luminex flow cytometry platform 7. The normalized background
(NBG) ratio cutoff value of 2.2 was used for both Class | and Class Il assays because at the
time of this study, NBG ratios of 2.2 were the manufacturer’s suggested cutoffs for the
organ transplantation field.

Tepnel Lifescreen (Luminex)—Samples were assayed by Tepnel using the Lifescreen
Luminex assay according to the product insert. Tepnel determined a sample to be positive
for Class | or Class I, by first calculating three adjusted MFI (median fluorescence index)
ratios for each bead as described in the product insert, then determining whether at least one
of the class | HLA beads or class Il HLA beads was positive. Normalized MFI values for
each sample were recorded by taking the maximum adjusted MFI ratio according to the
following algorithm for Class I: maximum MPFI ratio (max of Adj. Ratios for Bead 1 or
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median of Adj. Ratios for each of Beads 2 through 7). For Class Il: maximum MFI ratio
(max of Adj. Ratios for Bead 1 or median of Adj. Ratios for each of Beads 2 through 5).

3Ti Aegis (Flow cytometry)—Samples were assayed by 3Ti using the Aegis assay (One
Lambda Flow PRA reagents) according to the manufacturer’s instructions. 3Ti determined a
sample to be positive for Class I or Class Il if the percent of beads was above a calculated
cutoff (2 x negative control); the sample was determined to be negative if the percentage of
beads were below the negative cutoff (0.75 x negative control). Results from samples with
values in-between the cutoffs were examined manually to make the final call of positive or
negative. The reported percentage of gated cells was used as the normalized value.

Derivation of consensus cutoffs

Taking advantage of the fact that we had five measures for each sample, we conducted a
statistical approach called latent variable analysis 18, which is particularly well suited for
situations where there are multiple measures of a variable which is latent. We describe the
HLA antibodies as latent variables because there is no direct means to observe the amount,
or potency, of HLA antibodies. Latent variable analysis was used to derive a set of cutoffs
(termed the consensus cutoffs) for the HLA Class | and Class 11 assays that maximized
concordance when we used the 99t percentile cutoffs as HLA positive. It is important to
note that latent variable analysis is most effective with three or more measures (analysis
with one or two measures is possible with certain parameters assumptions). A separate
analysis was performed for HLA class I and class 1 using the same methodology and the
statistical software LISREL (from Scientific Software International, Lincolnwood, IL). The
normalized values were analyzed using latent variable analysis, modeling a single latent
variable for each class. One option in the LISREL software, as well as with other statistical
software, is to produce a latent variable score for each observation 1°. The latent variable
score is an estimated value, or realization, of the unobserved latent variable. The latent
variable score is calculated as a linear combination of the observed (normalized) values
which have been centered. A univariate analysis was performed on the latent variable score
for each class using data from subjects who were never pregnant (i.e. males and never-
pregnant females). The 99t percentiles from the univariate analyses were calculated as
cutoffs. The latent variable score at a given percentile was used to calculate consensus
cutoffs for each assay using coefficients derived in the latent variables analysis and the assay
means (to adjust for the centering), where

Yi=Xi+AiZ

yi: Consensus cutoff for assay i

Xi: Sample mean of assay i

Ai: Coefficient from latent variable analysis
z: Latent variable score at selected percentile

The coefficients derived in the latent variable analysis are analogous to a regression
coefficient that would be derived if it were possible to perform a regression analysis of the
observed (normalized) value regressed on the latent variable.

Interassay agreement—In order to determine the extent of agreement between assays
with respect to a positive or negative designation (i.e. concordance), the Kendall Tau
statistic was calculated using different combinations of cutoffs (SAS 9.1.3 (2004) SAS
Institute Inc., Cary NC). The Kendall Tau statistics were calculated among the
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manufacturer’s designations of positive or negative, as well as the designations of positive
or negative as determined by the consensus cutoffs established via the latent variable
analyses. The Pearson procedure (SAS 9.1.3) was used to calculate correlation coefficients
and p-values as a measure of correlation among assay values and associated significance
levels.

HLA Class | and Class Il antibody positivity rates varied depending upon the assay

One of the unique features of this study is the fact that 525 samples were analyzed by five
different HLA antibody assays by the assay’s manufacturer. The assay’s manufacturer
provided either a designation of positivity, or a suggested cutoff from which we determined
positivity status. The positivity rates varied greatly across assays when using the
manufacturer’s cutoffs (Table 1) as one might infer from the absence of a gold standard. The
two Luminex based assays (Tepnel Lifescreen and One Lambda LABScreen Mixed) and the
flow cytometry based assay (3Ti Aegis) resulted in the highest proportions of positive
samples in the never pregnant group (i.e. males and never-pregnant females). The One
Lambda LABScreen Mixed resulted in 29.1%, Tepnel Lifescreen 13.1%, and 3Ti Aegis
6.3% of all never pregnant donors being designated as having any HLA antibody. The two
ELISA assays resulted in only 3% (One Lambda LATMZ20) and 1.9% (GTI QuickStep) of
all never pregnant donors having any HLA antibody. A similar trend with varying positivity
rates across the assays was observed in the ever pregnant group. However, the positivity
rates were higher in the ever pregnant group compared with the never pregnant group. The
two Luminex assays resulted in over one-third of the ever pregnant group having any HLA
antibody (52.5% for One Lambda LABScreen Mixed and 37.9% for Tepnel Lifescreen). The
flow cytometry assay resulted in slightly fewer positive samples (29.3% of the ever pregnant
group had any HLA antibody), and the two ELISASs resulted in a 19 — 20% positivity rate in
the ever pregnant group.

Consensus cutoffs were derived which resulted in more consistent proportions of positive
samples across the five assays

Using latent variable analysis, we established consensus cutoffs at the 99™ percentile of the
never pregnant donors. Table 2 gives the equivalent assay cutoff values at 9™ percentiles
based on normalized values, the manufacturers’ cutoff values based on normalized values,
and the respective positivity rates for each assay at each of the analyzed cutoff values per
assay among ever pregnant and never pregnant donors. The 99™ percentile cutoffs resulted
in more consistency among positivity rates in ever pregnant females compared with the
manufacturers’ designations, as exemplified in Figure 1. Among the ever pregnant females,
the positivity rates were between 22 and 26% for any HLA antibody when the 99t
percentile cutoffs were implemented.

Subsequent analyses for concordance and correlations analyses were limited to the 99t
percentile cutoff values for two reasons: 1) prior research suggested that approximately 1%
of never pregnant donors would have HLA antibodies 20 and 2) use of the 99t percentile for
consensus cutoffs resulted in more consistency among the ever pregnant samples (Figure 1).
One explanation for this may be that the precision of the assays increases with increasing
levels of HLA antibodies. This claim is supported below by the concordance and correlation
analyses (Tables 3 and 4) showing higher correlation among assays when comparing groups
with higher levels of HLA antibodies relative to groups with lower levels of HLA
antibodies.
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Concordance of assays was higher with the ever pregnant donors

As a statistical measure of the extent to which any two assays agreed on positivity status, we
used the Kendall Tau statistic to measure concordance when the 99th percentile consensus
cutoff was implemented (Table 3). This statistic is a measure of correlation between binary
variables, with low values between 0 and 1 indicating low concordance and high values
indicating high concordance (negative values indicate discordance). Concordance estimates
for Class | antibodies in the never pregnant donors ranged from 0.10 (One Lambda LATM
versus GTI) to 0.40 (GTI versus One Lambda LabScreen and Tepnel; One Lambda
LATM20 versus 3Ti), with the exception of One Lambda LabScreen versus Tepnel, which
yielded a concordance estimate of 1.0. The latter observation indicated that for never
pregnant donors, both the One Lambda LabScreen and Tepnel assays made the same
designations of whether a sample was positive or negative. Concordance estimates for Class
Il antibodies in the non-alloexposed donors ranged from negative 0.01 to 0.57 (One Lambda
LabScreen versus One Lambda LATMZ20). Overall, the low concordances observed within
the never pregnant samples indicates that there was wide variability in designating a sample
as positive or negative when the expectation of finding a true positive was low (with the
exception being One Lambda LabScreen and Tepnel Class | assays).

In the ever pregnant donors, the Class I antibody concordance estimates range from 0.63
(One Lambda LATM versus Tepnel) to 0.84 (One Lambda LabScreen versus 3Ti Aegis).
Class Il antibody concordance estimates were higher, ranging from 0.72 (GTI versus One
Lambda LATM20) to 0.90 (One Lambda LabScreen versus Tepnel). This indicates that all
of the assays performed similarly in terms of designating whether a sample was positive or
negative when restricted to the ever pregnant group. Therefore, it seems that in a population
where HLA antibodies are anticipated to be present, all of the assays performed similarly
provided that the consensus cutoff was used.

Correlation of assay values was higher with the ever pregnant donors

In addition to measuring whether assays agreed using a consensus cutoff, we measured the
correlation of normalized values (see Methods for normalized value derivations) amongst
assays in the ever pregnant sample and never pregnant sample. An intuitive way to analyze
the data is to examine the scatter plots for Class I in Figure 2 (Class 11 data not shown
because of space limitations) which show all pairs of assays, the 99th percentile consensus
cutoffs, and classification of pregnancy history. As a statistical measure of how well the
normalized assay values correlated with each other, we calculated the Pearson correlation
coefficients (Table 4). Correlation coefficients for Class | antibody assays ranged from 0.31
(Tepnel versus GTI) to 0.67 (One Lambda LATM versus GTI) in the never pregnant donors.
In the ever pregnant donors, the Class I correlation coefficients were all above 0.70. The
highest correlation coefficients for Class | values in the ever pregnant donors were between
the two One Lambda assays. The lowest correlation coefficient was between the One
Lambda LATM20 ELISA assay and the Tepnel Luminex assay.

Correlations of Class Il values were similar to those for Class | (Table 4). In the never
pregnant donors, the correlation coefficients ranged from 0.01 (One Lambda LATM versus
GTI and 3Ti) to 0.66 (One Lambda LabScreen versus 3Ti). As with Class I, the Class 11
correlation coefficients were higher in the ever pregnant donors (all were above 0.76). These
findings suggest that at lower assay values, there may be less accuracy in the assays.
However, at the higher levels of the assay, such as obtained with the ever pregnant donors,
the assays likely produce more precise estimates.
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Positivity rates using One Lambda LABScreen Mixed cutoffs reported in the literature and
their relation to other assay cutoffs

One assay that is currently used in the field by several blood bank laboratories is the One
Lambda LABScreen Mixed 21, The product insert for this assay recommends that HLA Ab
screening laboratories establish their own cutoffs. As such, cutoffs implemented by various
laboratories vary. In order to relate the data from this manuscript to the broader scientific
community, we reanalyzed the positivity rates from One Lambda LABScreen Mixed in the
subset of ever pregnant donors using a variety of different NBG cutoffs and report the
corresponding cutoffs for the other assays (Table 5); values greater than the cutoffs would
be considered positive. For example, using the highest One Lambda LABScreen assay
cutoffs reportedly used by others (Class I, 59.3; Class 11, 27.5) 21, we estimate positivity
rates of 7.4% Class | and 11.3% Class Il positive ever pregnant females. These rates
correspond to estimated cutoffs of 2.1 for Class | and 0.9 for Class Il in the GTI assay.

DISCUSSION

As infectious risks from transfusion in the developed world have decreased, the threat posed
by non-infectious transfusion complications has gained increasing attention. In particular,
TRALI risk-reduction procedures have been implemented at US blood banks, and in many
cases these procedures involve testing donors at risk for alloimmunization for the presence
of HLA antibodies.

A number of different assay platforms are available for HLA antibody testing, and not all
blood collection centers will opt to use the same platform. The ability to properly compare
results obtained across testing platforms will be key to understanding future studies of
TRALI and the role HLA antibodies might play. Our analysis suggests that there is a high
level of concordance among HLA antibody testing platforms when comparable cutoffs are
used. Furthermore, concordance is higher for samples obtained from subjects with a history
of pregnancy and with samples containing higher levels of HLA antibodies.

The flow cytometry and multi-analyte bead based assays yielded higher positivity rates
overall than the ELISAs when using the manufacturer’s specifications for assessing
positivity status, which is consistent with prior work 22724, While some assays yielded a
higher proportion of positive designations, concordance amongst assays could be increased
by adjusting the cutoffs. This implies that while samples will not have a one-to-one
concordance using different HLA antibody testing platforms, one can better compare results
obtained using different platforms if the data are analyzed using a derived consensus cutoff.

The positivity rates for any HLA antibody in ever pregnant females (i.e. exposed females)
using our 99t percentile consensus cutoffs were between 22% and 26%. This is consistent
with our previously reported positivity rate of 24% for any HLA antibody in the cohort of
LAPS all ever pregnant females in using the One Lambda LABScreen Mixed assay 7.
Additionally, the rates we observed are consistent with the 21% positivity rates obtained
with One Lambda LABScreen and the GTI Quick Step assays by Vassallo et al. in a cohort
of American Red Cross ever pregnant female donors 25. While the positivity rates are
consistent with previous reports, the cutoff values we implemented (99t percentile
consensus cutoffs) are slightly different from those previous analyses. One reason for this
difference may be lot-to-lot variation in the assays.

A comparison of assays requires consideration of several caveats. First, the concordance
amongst assays depends on the pre-test probability of obtaining a positive result. Screening
a low-risk population for HLA antibodies would yield lower agreement amongst assays, so
it is important in any analysis to take into account the demographic history of test subjects
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when evaluating results of HLA antibody testing. “Natural” HLA antibodies, likely induced
by environmental antigens, have been described in never pregnant populations 26, and while
our data suggest concordance is low among never pregnant donors, it is not clear how the
concordance of different HLA antibody assays would be in a population with “natural” HLA
antibodies. A second major limitation of comparing results across different testing platforms
is that assay sensitivity may change from lot-to-lot, so the consensus cutoffs derived here
may not apply to newer lots of commercial reagents (e.g. the bead format for LSM12 was
recently changed). A third limitation is that using the manufacturer’s recommended
designations of positivity may not be sufficient. When the manufacturers’ recommended
designations of positivity were analyzed, there was a wide range of positivity observed
amongst the assays. This observation indicates that comparing results among assays is
difficult. If different assays are utilized, it is likely that varying outcomes will result.
Therefore, in the blood banking setting, one needs to make sure to evaluate individual assays
and determine appropriate cutoffs, particularly for the more sensitive assays (Luminex and
flow cytometry).

Additionally, the choice of anticoagulant may affect assay results 27. Finally, newer methods
for HLA antibody detection are continuously being developed 28, further adding to the
complexity of data available in the field.

One solution to allow comparison of results across assays and from lot-to-lot of a given
assay would be to develop calibration and proficiency panels composed of samples of
known HLA antibody specificities and strength including negative control sera. These
panels could be employed in routine assay runs to allow derivation of consistent cut-off
values for determination of the reactivity status of unknown (donor) samples and to evaluate
new instruments, reagent lots and technologists to assure optimally consistent performance
of HLA antibody screening. The current study was not intended to address the blood bank
HLA testing laboratories operational issue of where to set a cutoff value. REDS-I1I is
undertaking other studies that will evaluate the potential trade-offs made when selecting
various cutoffs, including examining the impact different cutoffs have on donation loss and
loss of detection of donations with antibodies that are likely to cause TRALI.

In summary, while none of the available HLA antibody tests showed complete concordance
among all groups, there was reasonable agreement amongst assays. Multi-analyte bead
based assays and flow cytometry platforms showed higher sensitivity than ELISA platforms
when using the manufacturer’s cutoffs. Concordance was higher among samples with a
history of pregnancy and when assay cutoffs were set at higher levels, and particularly when
empirically derived consensus cutoffs were employed.
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Fig. 1. Proportion of HLA Class I (panel A) and Class Il (panel B) positive ever pregnant donors
using three different designations of positivity

Shown here is a graphical representation of the proportion of assayed samples determined to
be positive using the 99th percentile consensus cutoff (black bars) and the manufacturer’s
designation (white bars). The 99th percentile cutoffs give more consistent proportions of
positive samples among the five assays for both Class I and II.
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Fig. 2. Normalized values obtained from the five assays for Class | antibodies are higher for ever
pregnant donors
Red circles, ever pregnant donors; blue circles, never pregnant donors; green horizontal and

vertical lines, 99th percentile consensus cutoffs for the given assay.
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