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Abstract

Introduction: Antibody-mediated transfusion-related acute
lung injury (TRALI) is caused by antibodies against human
leukocyte antigens (HLAs) or human neutrophil antigens
(HNAs), and is one of the most serious complications associ-
ated with transfusion medicine. Prevention strategies like
testing allo-exposed female blood donors have not yet been
introduced nationwide in Austria. To assess the need and
feasibility of routine leukocyte antibody testing, the preva-
lence of leukocyte-reactive antibodies in an Austrian female
donor population was been determined using classical cell-
based methods which were compared with a high-through-
put bead-based method. Methods: Sera from 1,022 female
blood donors were screened using a granulocyte aggrega-
tion test (GAT) and a white blood cell immunofluorescence
test (WIFT) after retesting and specification of positive sam-
ples by granulocyte immunofluorescence test (GIFT) and
monoclonal antibody-specific immobilization of granulo-
cyte antigens (MAIGA). Potential HLA reactivities were con-
firmed using the microbeads assay LabScreen™ Mixed. The
results in 142 donor sera and 38 well-defined reference sera
were investigated by the microbeads assay LabScreen™

Multi and compared with classical cell-based methods. Re-
sults: Reactivity with either granulocytes and/or lympho-
cytes was detected in 79 sera (7.7%), with the majority being
HLA-specific. Antibodies against HNA were obtained in 7
samples (0.7%). The aggregating potential of the detected
antibodies was observed in 9 cases (0.9%). Most of the leu-
kocyte-reactive antibodies occurred at a donor age of be-
tween 35 and 59 years (n = 61). LabScreen Multi showed
good agreement (k = 0.767) for HNA antibody detection by
cell-based assays, but double/multiple specificities (100% of
7 anti-HNA-1b sera) as well as false-negative results (40% of
15 HNA-3-specific sera) occurred. Discussion: Leukocyte-re-
active antibody screening is advised in Austrian female do-
nors for safe blood transfusion, including single-donor con-
valescent plasma treatment of COVID-19 that may be imple-
mented soon. For the introduction of LabScreen Multi, the
combination with GAT should be considered to ensure cor-

rect anti-HNA-3a detection. © 2020 S. Karger AG, Basel

Introduction

Transfusion-related acute lung injury (TRALI) is one
of the most serious complications of transfusion and a
leading cause of transfusion-related morbidity and mor-
tality worldwide. About 80% of all TRALI cases are asso-
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ciated with leukocyte-reactive antibodies directed against
either human leukocyte antigens (HLAs) or human neu-
trophil antigens (HNAs), which have the potential to ac-
tivate primed neutrophils, monocytes, and/or pulmonary
endothelial cells, resulting in capillary leakage and lung
edema [1]. The pathophysiology of TRALI is, to date, in-
completely understood. A two-hit model was hypothe-
sized describing the clinical condition of the patient (e.g.,
inflammation) as the first hit, and blood-product factors
(e.g., leukocyte-reactive antibodies and bioactive lipids)
as the second hit, both necessary to induce TRALI, a life-
threatening syndrome of acute respiratory distress for
which no treatments are available [1-5].

The formation of leukocyte-reactive antibodies is most
probable in women with a history of pregnancy due to the
risk of immunization against fetal HLA or HNA of pater-
nal origin. Thus, plasma-containing blood products like
fresh-frozen plasma (FFP) or platelet concentrates from
female blood donors represent the highest risk factor for
antibody-mediated TRALI. Aggregating antibodies like
anti-HNA-3a, in particular, have the potential to induce
possibly fatal TRALIL even when only a small amount of
plasma, like that in red blood cell (RBC) concentrates, is
transfused [6].

For many years, in Austria, the pooling of plasma has
been standard for the production of solvent/detergent
(S/D) FFP, which has led to the dilution of potential leu-
kocyte-reactive antibodies with the plasma from other do-
nors. This approach might explain why reports of TRALI
cases caused by S/D FFPs are rare. Nevertheless, based on
standard definitions and classifications from the Interna-
tional Society of Blood Transfusion (ISBT) and the Inter-
national Hemovigilance Network (IHN), the Austrian
Bundesamt fiir Sicherheit im Gesundheitswesen (BASG)
publishes 1-3 TRALI cases per year, mainly associated
with RBCs and platelets [7]. Most of them get classified as
possible or probable TRALI, based on the clinical symp-
toms of the patients. In 2009, 2 TRALI cases (1 fatal) were
declared as confirmed. Retrospective leukocyte antibody
testing was rarely performed, relying on TRALI as a clini-
cally defined syndrome, even without anti-HLA or anti-
HNA antibody detection [7]. In clinical practice, it may be
difficult to differentiate TRALI from transfusion-associat-
ed circulatory overload (TACO) or transfusion-associated
dyspnea (TAD), so one can only speculate on the number
of TRALI cases that went unreported [1, 8, 9].

Despite the use of S/D FFP in Austria, TRALI may now
get more attention because, in the current COVID-19 pan-
demic, convalescent plasma of single donors might be
widely used to treat severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection [10, 11]. Such ther-
apy was beneficial in treating related coronavirus-induced
etiologies, such as Middle East respiratory syndrome coro-
navirus (MERS-CoV) infection and SARS [12]. In the ab-
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sence of both a specific antiviral treatment and vaccine,
plasma transfusions containing neutralizing antibodies
against SARS-CoV-2 are a promising passive immuniza-
tion option for COVID-19 patients [13, 14]. Interestingly,
TRALI and COVID-19 share similarities in the proinflam-
matory respiratory scenario, e.g., neutrophil priming, ele-
vated cytokine levels, and the formation of neutrophil ex-
tracellular traps (NETs) indicate that neutrophils might
play a key role in both TRALI and COVID-19 [1, 15-17].
As the inflammatory state of severe and critically ill COV-
ID-19 patients may pose a particular risk for the develop-
ment of single-donor plasma-induced TRALI in this fragile
cohort, TRALI prevention by leukocyte antibody testing of
convalescent single-donor plasma appears essential.

The allo-immunization rate against leukocyte antigens
in Austrian female blood donors is unknown. Moreover,
Austria has not yet introduced nationwide TRALI pre-
vention strategies like leukocyte antibody screening of
allo-exposed female donors versus blood centers in Ger-
many, France, the UK, Sweden, and parts of the USA rou-
tinely screen selected donor cohorts, at least for antibod-
ies against HLA using ELISA and/or a microbeads assay
[18]. One reason for this might be that HNA antibody
testing, in particular, represents a major hurdle, as stan-
dard cell-based methods need freshly isolated granulo-
cytes, are technically demanding, and are not suitable for
high throughput testing. The logistics and financial com-
plexity of implementation represent further hindrances.

This study was designed to assess the need and feasibil-
ity of routine leukocyte antibody testing. In addition to
determining the prevalence of leukocyte-reactive anti-
bodies in the Austrian female donor population, the stan-
dard cell-based methods are compared with a high
throughput bead-based method.

Materials and Methods

Three Austrian donor services participated in this study, name-
ly, the Medical Universities of Vienna and Salzburg and the Aus-
trian Red Cross. They all provided sera from female blood donors
who were not pregnant within the 6 months before donating
blood.

For cell-based antibody screening, a panel of 3 HNA-typed,
freshly isolated white blood cells (WBCs), expressing at least
HNA-1a, HNA-1b, HNA-2, HNA-3a, HNA-3b, HNA-4a, and
HNA-5a as well as HLA-A2 was used. Granulocytes were isolated
with the EasySep™ direct neutrophil isolation kit (Stemcell Tech-
nologies, Cologne, Germany). Whole leukocytes were isolated by
dextran sedimentation following ammonium chloride lysis of re-
sidual red cells. Cells were adjusted at 5 x 10° leukocytes/pL for all
screening tests.

Cell-Based Antibody Detection

All sera underwent leukocyte antibody screening with a micro-
scopic granulocyte aggregation test (GAT) and a flow-cytometric
WBC immunofluorescence test (WIFT), as described [19-21].
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In brief, for GAT, isolated granulocytes were incubated with
serum in Terasaki plates for 2 h at 37 °C and checked for cell ag-
gregation under light microscopy. GAT is very specific for finding
granulocyte-aggregating antibodies against HNA and HLA class L.
Anti-HNA-3 antibodies, in particular, are best detected in GAT,
because of their unique aggregation pattern. Other anti-HNA/
HLA antibodies can induce aggregation, but not dependably [20,
22].

For WIFT, whole leukocytes were incubated with sera for 30
min at 37 °C. After 2 washing steps, secondary antibody Alexa
Fluor 488 goat anti-human IgG (Jackson ImmunoResearch, New-
market, UK) was added and incubated in the dark at room tem-
perature for 30 min. After 1 further washing step, cells were resus-
pended in Cellfix™ (Becton Dickinson, Heidelberg, Germany) be-
fore analysis. Flow cytometry was performed on a FACSCanto II
with FACS Diva software (BD Biosciences). Leukocytes were gated
by forward and side scatter, and fluorescence intensity was detect-
ed for each leukocyte subset (granulocytes, monocytes, and lym-
phocytes). Results were defined as positive when the ratio of me-
dian fluorescence intensity (MFI) between sample and negative
control exceeded 3, based on our own experience in routine neu-
trophil antibody diagnostics. WIFT is able to detect and differenti-
ate antibodies against HNA and HLA, by evaluating panel- and
leukocyte subset-specific reactivity.

Based on panel reactivity, granulocyte-reactive sera were fur-
ther tested with paraformaldehyde-fixed neutrophils using the mi-
croscopic granulocyte immunofluorescence test (GIFT) and the
monoclonal antibody-specific immobilization of granulocyte an-
tigens assay (MAIGA) [23, 24]. GIFT was used as a screening assay,
and, for antibodies which could not be immobilized in MAIGA
like anti-HNA-3a, as a specification test. Briefly, GIFT was per-
formed by incubating sera and neutrophils for 30 min at 37 °C.
After 3 washing steps, rabbit anti-Human IgG (Dako, Glostrup,
Denmark) was added and incubated in the dark at room tempera-
ture for 30 min. After 3 further washing steps, cell-bound fluores-
cence was assessed by fluorescence microscopy.

For MAIGA, sera were incubated with 10 x10° leukocytes/uL
for 30 min at 37 °C. After washing, the following mouse monoclo-
nal antibodies were added and incubated for 30 min at 37 °C:
DJ130c (Acris, Herford, Germany), 3G8 (Beckman Coulter,
Krefeld, Germany) and LNK-16 (GeneTex, Irvine, CA, USA)
against CD16 (HNA-1); MEM-166 (Acris) for NB-1 (HNA-2),
Bear-1 (Beckman Coulter) for CD11b (HNA-4), 7E4 (Beckman
Coulter) for CD18 (HNA-4 & -5), B1G6 (Beckman Coulter) for
B2-microglobulin (part of HLA ClI), and W6/32 (eBioscience, San
Diego, CA, USA) for HLA CI I. For the HNA-3 bearing glycopro-
tein CTL-2, there is still no monoclonal antibody available [22].
After cell lysis with Pefabloc® SC and Leupeptin Hemisulfate (Sig-
ma-Aldrich, St. Louis, USA), trimolecular antigen-antibody-com-
plexes were transferred to an anti-mouse IgG-coated ELISA plate
and detected with anti-human IgG/HRP following substrate addi-
tion (O-phenylene-diamine-hydrochloride; Sigma-Aldrich). Op-
tical density (OD) was analyzed by a microplate reader (Phomo,
Anthos Mikrosysteme). Despite MAIGA being able to differenti-
ate between anti-HNA and anti-HLA class I, detected anti-HLA
reactivities were not considered in the final results because HLA
antibody detection was performed as mentioned below.

Bead-Based Antibody Detection

LabScreen™ Mixed

All positively screened samples were tested for anti-HLA class
I/II antibodies using the microbeads assay, LabScreen Mixed (One
Lambda, Canoga Park, CA, USA) according to the manufacturer’s
description, with a cut-off at a normalized background (NBG) ra-
tio >5.0.

Leukocyte-Antibodies in Austrian Female
Blood Donors

LabScreen™ Multi

Donor sera from the Medical University Salzburg were tested
using LabScreen Multi (One Lambda), a bead-based assay specify-
ing antibodies against HNA-1a/b/c, HNA-2, HNA-3a/b, HNA-4a,
and HNA-5a/b as well as differentiating antibodies against HLA
classes I and II. This kit works with color-coded microbeads, each
bead population being coated with either HLA class I/II peptides
or single HNA peptides, respectively. Besides a routinely used neg-
ative control serum (One Lambda) to calculate the NBG ratio,
well-defined reference samples with or without known HNA anti-
bodies were included. These reference sera were evaluated using
GAT, GIFT, and WIFT prior to method comparison. After incuba-
tion of beads with sera, bound antibodies were detected with R-
phycoerythrin (PE)-conjugated anti-Human IgG (One Lambda).
Fluorescence was detected with a Luminex flow analyzer and eval-
uated with HLA Fusion™ software (One Lambda). Cut-off values
were set as positive at an NBG ratio of 26 for microbeads specific
to HLA, =5 for HNA-1, >30 for HNA-2, and >10 for HNA-3,
HNA-4, and HNA-5, based on the study of Schulz et al. [25] and
previous validation. After testing with LabScreen Multi, all sera
underwent cell-based antibody testing, as mentioned above.

For comparison with the results of cell-based methods, anti-
HLA antibodies were excluded, as bead-based HLA diagnostics
has been well-established and approved for many years. Hence,
method comparison focused exclusively on the detection of HNA
antibodies, where cell-based methods were considered as the gold
standard for method comparison.

HNA Typing

From donors with identified anti-HNA antibodies, DNA was
isolated from EDTA whole blood using the EZ1® DNA Blood 350
pL kit (Qiagen, Hilden, Germany) and typed for HNA-1a/b/c,
HNA-3a/b, HNA-4a/b, and HNA-5a/b by commercially available
PCR-SSP (HNA Ready Gene, Inno-train, Kronberg, Germany) to
confirm antigen specificity. Serologic HNA-2 typing was per-
formed by flow cytometry, similar to WIFT, using a reference se-
rum containing anti-HNA-2 antibodies. Granulocytes from a
healthy donor expressing HNA-2 served as a positive control.

Statistics

Statistics were performed using SPSS v24 software (Armonk,
NY, USA). Prevalence of granulocyte-reactive antibodies was cal-
culated including estimated 95% confidence intervals (CIs). Co-
hen’s k was used for the comparison of cell-based and bead-based
methods.

Results

A study flow chart including all samples, methods and
general results is depicted in Figure 1.

Antibody Testing of Female Blood Donors

Overall, sera from 1,022 female blood donors under-
went GAT and WIFT. Of these, 79 samples (7.7%) were
reactive with granulocytes and/or lymphocytes, includ-
ing 9 (0.9%) with aggregating potential as judged from the
positive GAT results (Table 1).

Antibodies against HLA class I were detected in 37
samples (3.6%), while mixed antibodies against HLA
classes I and II were found in 34 sera (3.3%, 1 serum ad-
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Leukocyte antibody testing

Shipping
reference sera

Leukocyte antibody testing

Vienna Salzburg
n=880 ¢ n=180
Shipping
" donor sera LabScreen™
n=1022 n=142 Multi
GAT WIFT
positive n=9 positive n=79
(0.9%) (7.7%)
positive, n=79 (7.7%)
v v

LabScreen™ Mixed GIFT/MAIGA
positive, n=74 (7.2%) | positiven=19 (1.9%)

Specificities Specificities Specificities (142 donor sera):
HLACl1, n=37 (3.6%) HNA-1a,n=1 HLACl1, n=8 (5.6%)
HLACII, n=3 (0.3%) HNA-1b, n=1 HLACIII, n=1 (0.7%)

HLA CI /I, n=34(3.3%) HNA-2, n=2 HLA CII/IL, n=4 (2.8%)
HNA-3a, n=2 HLA CIIl + HNA, n= 3 (2.1%)
unknown, n=1 HLA CHI/II + HNA, n= 1 (0.7%)
(HLAClI, n=12) HNA, n= 8 (5.6%)
A 4 see also Table 2
HNA Typing Specificities (38 reference sera):
of donors see Table 2
\ W
Prevalence of leukocyte-reactive antibodies in female donors
(Table 1)
N W

Method comparison regading HNA antibody detection
142 donor sera + 38 reference sera (Table 2)

Fig. 1. Flow chart depicting all relevant works and results of the study.

ditionally specific for HNA-2). Antibodies against HLA
class IT were detectable in 3 cases (0.3%, 1 serum also con-
taining anti-HNA-1b, as described below).

Seven donors (0.7%) had neutrophil-specific antibod-
ies. Six donors showed antibodies specific for HNA: anti-
HNA-1a (n =1), anti-HNA-1b (n = 1), anti-HNA-2 (n =
2),and anti-HNA-3a (n =2). One donor had granulocyte-
specific antibodies of unknown HNA specificity, reactive
in GIFT and WIFT, but negative in GAT and MAIGA,
even after remeasurement. LabScreen Mixed was nega-
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tive but LabScreen Multi detected antibodies against
HNA-4a (and HLA class II, but weakly above the cut-off),
as mentioned below. Genotyping of this donor could not
be performed due to the lack of DNA.

All anti-HNA-3a as well as anti-HNA-1a and anti-
HNA-1b antibodies could be confirmed as allo-immune
by PCR-SSP, as these donors did not carry the respective
antigen. One of 2 donors with anti-HNA-2 was serologi-
cally typed as HNA-2-negative (HNA-2,,;). The second
donor could not be typed for HNA-2 because no freshly

Schonbacher et al.
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Table 1. Contingency table of positively tested sera from 1,022 female donors

Cell-based leukocyte antibody screening

granulocyte-  lymphocyte- leukocyte-reactive,  total, 7 (%)

reactive, n reactive, n n (aggregating)

Specificity

HLA class I 1 34 2 37 (3.6)

HLA class IT 1 1 2(0.2)

HLA class I/II 20 13 (7) 33(3.2)

HNA 3 2(2) 5(0.5)

HNA + HLA class I 1 1(0.1)

HNA + HLA class I/IT 1 1(0.1)

Total 6 55 18 (9) 79 (7.7 [95% CI 6.1-9.4])

HLA, human leukocyte antigen; HNA, human neutrophil antigen; CI, confidence interval.

isolated neutrophils were available. Unfortunately, novel
HNA-2 genotyping according to Bayat et al. [26] has not
yet been implemented. However, both GIFT and WIFT
showed a mixed pattern of fluorescent and nonfluores-
cent granulocytes, which is distinctive for antibodies
against HNA-2 [27, 28]. Furthermore, MAIGA was posi-
tive with MEM-166, a monoclonal antibody specific for
the HNA-2-bearing glycoprotein CD177, thereby con-
firming the screening results. Additionally, LabScreen
Multi was able to detect anti-HNA-2 antibodies in this
donor and in the HNA-2,,; donor, as described below.
Hence, HNA-2 specificity can be demonstrated by 4 dif-
ferent methods. This antibody is probably of allo-im-
mune nature as autoimmune anti-HNA-2 might be ex-
ceedingly rare in healthy blood donors [22].

The age distribution of all female blood donors is de-
picted in Figure 2. Most donors were between the age of

Leukocyte-Antibodies in Austrian Female
Blood Donors

40 and 59 years (n = 452), followed by a cohort aged 19-29
years (n = 285). More than three-quarters of positive
screening results were obtained in the age group of 35-59
years (n = 61), and peaked at 45-49 years (n = 15).

Comparison of Cell-Based and Bead-Based Methods

Regarding HNA Specification

LabScreen Multi was deployed to investigate sera from
142 donors as well as 38 reference sera. Bead-based HNA
specificity results were compared with those obtained by
cell-based methods (Table 2). HLA reactivity was not
considered in this comparison, even though it is men-
tioned in Figure 1. The most important data (NBG ratios
of HNA specificity, false-positive, and false-negative re-
sults) obtained by LabScreen Multi are shown in Table 3.

Independent of specificity, both the cell-based and
bead-based methods detected anti-HNA antibodies in 31

Transfus Med Hemother 2021;48:99-108 103
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Table 2. Results in donor and reference samples regarding HNA antibody specification

Cell-based HNA antibody specification

negative la 1b 1Ic 2 3a 3b 4a unknown total
Bead-based HNA antibody specification'
Donors
Negative 130 130
la 3 3
2 1 2 3
3a 3 1 4
4a 1 1 2
All 138 2 1 1 142
References
Negative 5 4 2 11
la 4 4
1b + 1c 6 6
Ib+1c+2 1 1
1c 1 1
2 4
Ic+2 1 1
3a 3 3
3b 2 2
3a+3b 4 4
4a 1 1
All 5 4 7 1 5 11 4 1 38
Total 143 4 7 1 7 12 4 1 1 180

HNA, human neutrophil antigen.
! With LabScreen Multi.

of 180 samples (donor and reference sera). Using Lab-
Screen Multi, 6 reference samples containing HNA anti-
bodies were negative, but 8 additional donor sera tested
positive for HNA antibodies (listed in more detail below).
Negative results were obtained in 135 samples with both
methods. Cohen’s k was 0.767, indicating a good agree-
ment between the detection methods.

Of 142 donor sera, 134 (94.4%) were congruent with
both methods, 130 (91.6%) of which tested negative and
4 of which were positive. Cell-based methods revealed 2
anti-HNA-2-specific and 1 anti-HNA-3a-specific sam-
ples, confirmed with LabScreen Multi (2.1%). One fur-
ther sample (0.7%) was specific for HNA-4a and HLA
class IT in LabScreen Multi and also reactive with granu-
locytes in GIFT and WIFT, but negative in GAT and
MAIGA. In 8 sera (5.6%), HNA-specific antibodies were
detected using LabScreen Multi, namely, anti-HNA-1a (n
=3), anti-HNA-2 (n = 1), anti-HNA-3a (n = 3), and anti-
HNA-4a (n = 1), but the cell-based methods did not yield
any reactivity.

From 38 reference sera, 5 were found to be without
HNA antibodies. The other 33 contained HNA antibod-
ies with the following specificities: HNA-1a (n =4), HNA-
1b (n=7), HNA-1c (n = 1), HNA-2 (n = 5), HNA-3a (n
=11), HNA-3b (n = 4), and HNA-4a (n = 1). Thirty-two
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samples were congruent in both methods (all 5 negative
controls were negative and 27 sera containing anti-HNA
antibodies were positive). Identical specificities were ob-
tained in 20 cases (52.6%) including all anti-HNA-1a-,
anti-HNA-1c-, and anti-HNA-4a-containing sera. With
LabScreen Multi, multiple specificities were obtained in
12 samples (31.6%), including all 7 containing anti-HNA-
1b, specified as combined anti-HNA-1b/1cin 6 cases and
anti-HNA-1b/2 in 1 case (Table 3). One anti-HNA-2 se-
rum was additionally positive with the HNA-1c beads.
Four anti-HNA-3a sera were reactive with HNA-3a and
HNA-3b beads in LabScreen Multi. Six HNA-3-specific
sera (15.8%), i.e., 4 containing anti-HNA-3a and 2 con-
taining anti-HNA-3b, could not be detected by LabScreen
Multi.

Discussion

Screening of allo-exposed blood donors for the pres-
ence of leukocyte-reactive antibodies (against HLA and/
or HNA) has not yet been introduced in Austria to date.
The reasons for this could be the ill-defined epidemiology
of antileukocyte allo-immunization of the Austrian do-
nor population, the logistics and financial complexity of

Schonbacher et al.



Table 3. All HNA specificities and missing specificities obtained by bead-based LabScreen Multi

Sample  Sample HNA NBG ratio per bead

. specificity 1b lc 2 3a 3b 4a
1-4 references la 42.2-60.5

5-10 references 1b 36.7-180.0  22.9-202.0

11 reference 1b 36.7 31.0 30.5

12 reference 1c 135.9

13 reference 2 202.0 274.5

14-17 references 2 66.3-407.0

18-21 references 3a 186.2-350.4 15.0-111.1

22-25 references 3a <5.0

26-28 references 3a 57.9-149.9

29, 30 references 3b <5.0

31,32 references 3b 15.7-58.8

33 reference 4a 10.0
34-36 donors none 6.0-37.7

37,38 donors 2 188.3-317.0

39 donor none 484

40 donor 3a 22.2

41 donor HLA class I 33.8

42,43 donors none 16.8-16.9

44 donor none 494
45 donor unknown 40.7

HNA, human neutrophil antigen; HLA, human leukocyte antigen; NBG, normalized background.

implementation, and the routine use of S/D pooled plas-
ma. Nevertheless, TRALI is still associated with RBCs and
platelets, indicating that leukocyte antibody-containing
plasma residuals of <20 mL appear sufficient to induce
TRALI [6, 9, 29].

The current COVID-19 pandemic may further em-
phasize the relevance of TRALI prevention by leukocyte
antibody testing, as convalescent single-donor plasma
transfusion for the treatment of COVID-19 [30] may
pose a particular risk, especially when plasma from fe-
male donors with a history of pregnancy is administered.

Our study shows that Austrian female blood donors
have an allo-immunization rate of 7.7% (95% CI 6.1-
9.4%) against leukocyte antigens. This prevalence is com-
parable with the study of Reil et al. [6] who revealed an
allo-immunization rate in parous female donors of 8.9%
when using similar techniques. Unfortunately, in our
study, the number of previous pregnancies could not be
evaluated. Before and within the period of sample collec-
tion, only pregnancies within 6 months before blood do-
nation were considered in the blood donor questionnaire.
Especially in view of the unselected female donor cohort
analyzed in this study, presumably including many wom-
en with no history of allo-exposure, the antibody preva-
lence that was detected seems considerable. Since 2018, a
new donor questionnaire has been introduced in which a
complete history of pregnancy must be recorded. Hence,
female blood donors can now be recognized as potential-
ly allo-immunized and therefore considered for future

Leukocyte-Antibodies in Austrian Female
Blood Donors

antibody screening. The donors at the highest risk for
having anti-leukocyte antibodies were 35-59 years of age,
indicating that this population might most likely have a
history of pregnancy. It is well-known that the number of
pregnancies is a risk factor for developing leukocyte anti-
bodies [6, 31, 32]. Unsurprisingly, antibody prevalence
decreased at 60 years of age, most probably because an-
tibodies became undetectable decades after pregnancy
[32].

In contrast, Nguyen et al. [33] reported an allo-immu-
nization rate against HLA/HNA in female parous blood
donors of about 22%, with the proportion of HNA anti-
bodies amounting to 1.5%. The lower antibody preva-
lence revealed in our study might have been due to the
fact that we did not conduct classic HLA antibody testing
(i.e., the microbeads assay) on all sera, only those which
were drawn at the Medical University of Salzburg, or
when cell-based testing at the Medical University of Vi-
enna was positive, respectively. The cell panel did not
cover all HLAs, besides the fact that only a subset of
mononuclear cells analyzed in WIFT expresses HLA class
IT antigens. Some of anti-HLA class I/ IT might thus go
undetected in WIFT, and the prevalence of HLA antibod-
ies in Austrian female blood donors is probably even
higher. For future antibody screening using WIFT, an ad-
ditional staining of mononuclear cells with anti-CD19 or
—-CD20 might be useful to allow reliable detection of anti-
HLA class II, when standard HLA antibody detection is
not performed. Since the majority of TRALI cases are
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caused by anti-HLA antibodies [2, 6, 34, 35], even though
anti-HNA antibodies cause more fatalities [6], introduc-
ing leukocyte antibody testing of blood donors should in-
clude classic detection methods for anti-HLA class I/1I
and anti-HNA antibodies.

Another important finding is that about 1% of all test-
ed samples were positive in GAT and therefore contained
antibodies with granulocyte-aggregating potential, for-
merly known as “leucoagglutinins”. These antibodies,
particularly anti-HNA-3a, are frequently associated with
severe and fatal TRALI because of their potential to in-
duce the active aggregation of neutrophils [2, 6, 36, 37].
Not all transfusions containing such antibodies will lead
to full-blown TRALI because of dilution during the prep-
aration of blood products (pooled plasma and additive
solution in platelet concentrates) or in the patient (e.g.,
infusions). Other protective factors include compatibility
with the recipient’s antigens and the absence of systemic
inflammation, trauma, and mechanical ventilation that
lead to neutrophil priming, as postulated in the two-hit-
model [1-3]. Some patients may develop only transfu-
sion-associated neutropenia (TRAIN) without pulmo-
nary complications [38, 39]. Nevertheless, TRALI is like-
ly underdiagnosed in clinical practice because of the
symptomatic overlap with a wealth of alternative pulmo-
nary disorders including TACO [1].

Antibody screening of female blood donors has re-
cently been introduced at the University Hospital Salz-
burg, where the LabScreen Multi, a commercial micro-
beads assay to detect antibodies against HLA class I, HNA
class IT, and HNA 1-5, is performed. This assay is easy to
handle and is suitable for high-throughput-screening, but
is also cost-intensive and not considered to be the gold
standard for the detection of anti-HNA antibodies [25,
40]. The test is also not ideal for the detection of anti-
HNA-3a, which is known as the most dangerous antibody
to induce TRALL

In2017,Schulz et al. [25] evaluated the LabScreen Multi;
10% of HNA-antibodies were false-negative and 5.5% of
negative controls were false-positive. Most of the false-
negative results occurred with HNA-3-specific sera (4/39
anti-HNA-3a and 4/6 anti-HNA-3b sera). In our study, the
false-negative rate was 18%, i.e., it was detected in 6/33 an-
ti-HNA reference sera (all with HNA-3 specificity), but
none of the 5 negative reference sera was false-positive. In
other words, an alarming rate of 40% (6/15 samples) of ref-
erence sera containing anti-HNA-3 antibodies were not
detected by LabScreen Multi, possibly due to conforma-
tional changes of the recombinant protein during the coat-
ing process on the bead. It remains unclear why the false-
negative rate in our study was higher than in the study of
Schulz et al. [25]. Even the lot numbers of the test kit used
in the studies were different, so no significant changes were
made on behalf of the manufacturer.
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Considering the 142 donor sera, however, false-posi-
tive reactions occurred in 5.6% (8 cases) which seems
similar but not comparable to the false-positive rate of
Schulz et al. [25] (5.5%), as donor sera did not serve as
reference samples in their study.

Furthermore, similar to the study of Schulz et al. [25]
in 100% of anti-HNA-1b sera and 33% (4/12 samples,
including 1 donor and 11 reference sera) of anti-HNA-3a
sera, double specificity (positivity with HNA-1b and
HNA-1cor HNA-3aand HNA-3b beads) were observed,
even though these sera had clear-cut monospecific reac-
tions in the cell-based methods. The HNA-1b and HNA-
1c beads were coated with the protein which is encoded
by FCGR3B*03, bearing both epitopes. Therefore, double
specificity within the HNA-1 group are not surprising.
The reason for false-negative reactions as well as double-
positive reactions with both HNA-3a and HNA-3b beads
might be the loss of the natural conformation of the re-
combinant protein CTL2 during the coating process [25,
27, 36, 37]. One anti-HNA-1b serum was additionally
weakly positive with the HNA-2 bead, and 1 HNA-2-spe-
cific serum was positive with the HNA-1b and HNA-1c
bead. All of the double/multiple specificities, apart from
HLA, could be confusing for unexperienced users. We
showed that, in 10/12 cases, the specificity with the high-
est NBG ratio complied with the true specificity (Table
3).

All 7 HNA-2-specific sera (2 donor and 5 reference
sera) were correctly identified. Results that matched per-
tectly with cell-based assays were only obtained with the
reference sera that contained anti-HNA-1a, anti-HNA-
1c, and anti-HNA-4a.

Based on these findings, LabScreen Multi, at least,
should be applied in combination with the GAT as a
screening test, to ensure the reliable detection of anti-
HNA-3a [41]. The GAT is the simplest of all cell-based
neutrophil antibody-detecting methods, requires only
a small number of typed freshly isolated cells, and is
known as the best method to identify anti-HNA-3a an-
tibodies [37]. However, if possible, professional detec-
tion of anti-HNA antibodies using more time-consum-
ing methods (GIFT, WIFT, and MAIGA) should be im-
plemented.

In conclusion, bead-based methods for the detection
of leukocyte antibodies are fast and sensitive screening
tests but HNA antibody specificities are most reliably de-
tected by classical cell-based methods. Based on the epi-
demiologic allo-immunization data, it is recommended
that leukocyte antibody testing of blood donors at risk
should be implemented in Austria to improve the quality
of blood products beyond the use of S/D pooled plasma.
The screening of female apheresis donors with a history
of pregnancy would be a useful measure.
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