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Summary

The causative role of maternal, anti-human leukocyte antigen (anti-HLA)
class 1 antibodies in foetal and neonatal alloimmune thrombocytopenia
(FNAIT) remains controversial. Furthermore, in FNAIT cases caused by
anti-human platelet antigen-1a (anti-HPA-1a) antibodies, the possible addi-
tive effect of maternal anti-HLA class I antibodies on outcomes is unclear.
Among 817 mother—father—neonate trios of suspected FNAIT, we assessed
the possible association of maternal anti-HLA class I antibodies with
neonatal platelet count, and the incidence of FNAIT caused by anti-HPA-
la antibodies. In 144 FNAIT cases caused by anti-HPA-1la antibodies, we
investigated the possible association of maternal anti-HLA class I antibodies
with neonatal platelet count, birth weight, and the incidence of intracranial
haemorrhage (n = 16). Maternal anti-HLA class I antibodies were not asso-
ciated with neonatal platelet count in suspected cases of FNAIT. There was
no significant interaction between the presence of anti-HLA class I antibod-
ies and anti-HPA-la antibodies. In FNAIT cases caused by anti-HPA-1la
antibodies, there was no association between the presence of anti-HLA class
I antibodies and neonatal platelet count, birth weight, or occurrence of
intracranial haemorrhage. This study’s findings do not support the concept
that maternal anti-HLA class I antibodies represent a risk factor of ENAIT
or disease severity.

Keywords: pregnancy, HLA class I antibodies, foetal and neonatal alloim-
mune thrombocytopenia, intracranial haemorrhage, neonates.

Foetal and neonatal alloimmune thrombocytopenia (FNAIT)
is caused by maternal antibodies against foetal platelet anti-
gens inherited from the father. After transplacental transport
to the foetal circulation, immunoglobulin G class antibodies
may cause thrombocytopenia and bleeding complications in
the foetus or newborn. The incidence of FNAIT is 1 in 1 000
live births. Its most severe consequence, intracranial haemor-
rhage (ICH), leading to death or neurologic disability, occurs
in 10 per 100 000 neonates, commonly prior to birth (Kam-
phuis et al., 2014). In Caucasians, most FNAIT cases are
caused by maternal antibodies against the paternally inher-
ited human platelet antigen (HPA)-la. Although maternal
anti-HPA-la antibodies’ (or other anti-HPA antibodies’)
causative role in foetal thrombocytopenia or bleeding com-
plications is undisputed (Davoren et al., 2004; Kroll et al.,
2005; Ghevaert et al., 2007), antibodies’ role against human

leukocyte antigens (HLA) remains controversial (Taaning,
2000). Depending on assay sensitivity, anti-HLA antibodies
are detectable through the lymphocytotoxicity test (LCT) and
the more sensitive, solid-phase Luminex test in 18-30%
(Regan et al., 1991) and >50% (Masson et al., 2013; Vilches
& Nieto, 2015) of all pregnant women respectively. HLA
class T antigens are expressed on platelets (Kao et al., 1986;
Santoso et al., 1993), and antibodies against HLA class I anti-
gens can cause refractoriness to platelet transfusion in plate-
let concentrate recipients (Stanworth et al., 2015). Several
cohort studies of pregnant women (Sharon & Amar, 1981;
Skacel et al., 1989; Marshall et al., 1994; Panzer et al., 1995;
King et al., 1996) have investigated whether maternal anti-
HLA class I antibodies can cause neonatal thrombocytopenia.
Four of the five studies (Sharon & Amar, 1981; Marshall
et al., 1994; Panzer et al., 1995; King et al., 1996) did not
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associate the presence of maternal anti-HLA class I antibod-
ies and neonatal platelet count. A major limitation of these
studies, involving unselected pregnant women, was the very
low number or even absence of thrombocytopenic newborns.
Despite the negative findings observed in unselected pregnant
women, numerous case reports have been published in which
neonatal thrombocytopenia, occasionally accompanied by
severe bleeding complications, occurred in women with anti-
HLA class I antibodies (Svejgaard et al, 1967; Sternbach
et al., 1986; Evans, 1987; Chow et al., 1992; Onishi et al.,
1992; del Rosario et al., 1998; Sasaki et al, 2001; Tanaka
et al., 2000; Saito et al., 2003; Moncharmont et al., 2004;
Thude et al.,, 2006; Gramatges et al., 2009; Starcevic et al.,
2010; Hutchinson et al., 2015; Nakamura et al., 2015; Meler
et al., 2017; Wendel et al, 2017). The authors suggested a
causal relationship between maternal anti-HLA antibodies
and foetal or neonatal disease. At term, pregnant women
have a high prevalence of anti-HLA antibodies. Therefore,
there is a strong chance of high association of these antibod-
ies with thrombocytopenia in neonates, but whether this
association is causal or coincidental remains to be deter-
mined.

To our knowledge, this is the first systematic study of the
possible role of maternal antibodies against paternal HLA
class T antigens in a large cohort of unselected cases of
neonatal thrombocytopenia.

Materials and methods

Subjects

We screened 817 families (mother—father—neonate trios) of
suspected FNAIT cases, referred to our Center for Fetoma-
ternal Incompatibility between January 2000 and April 2016,
for inclusion. In Germany, routine post-natal platelet count
in the neonate is not the standard of care. Therefore, all
patients represent clinically overt cases of foetal or neonatal
thrombocytopenia, or cases in which neonatal thrombocy-
topenia was incidentally detected. We defined two study
groups (Fig 1): (i) FNAIT excluded, and (ii) FNAIT proven.
The former group included mothers in whom HPA-1la anti-
bodies were not detected. Mothers with genotype HPA-1bb
without detection of HPA-1a antibodies at the time of post-
partum blood sampling (n =20) were excluded. HLA-
DRB3*01:01 genotype was not determined prospectively, and
follow-up samples were not regularly screened in HPA-1bb
mothers. The risk of HPA-1a immunisation after delivery of
an HPA-la-positive child is 12:7% in women who are HLA-
DRB3*01:01 positive but only 0-5% in women who lack this
allele (Kjeldsen-Kragh et al, 2019). Thus, the group of
HPA-1bb mothers may include by chance a proportion of
cases without any immunisation to HPA-1a as well as cases
with low-affinity antibodies to HPA-la that escaped detec-
tion. Therefore, this group was designated ‘FNAIT possible’

817 families of
suspected FNAIT

4

673 Anti-HPA-1a 144 Anti-HPA-1a
negative positive

20 Maternal genotype
HPA-1bb [
(FNAIT possible)

36 Detection of HPA
antibodies other than [«
anti-HPA-1a (e.g. -5b)

144 cases
FNAIT proven

617 controls
FNAIT excluded

Fig 1. Screening and definition of controls and cases. Six women in
the groups of cases had additional anti-HPA antibodies, mainly anti-
HPA-5b.

(Fig 1) and excluded from further analysis. Furthermore,
women with other anti-HPA antibodies (e.g. anti-HPA-5b,
anti-HPA-3a) were excluded. The majority of cases with
other anti-HPA antibodies had anti-HPA-5b antibodies
[n = 25]. There is a striking difference in clinical presenta-
tion between FNAIT cases due to anti-HPA-la and due to
anti-HPA-5b antibodies (Ghevaert et al., 2007); for example
neonatal platelet counts in FNAIT cases with anti-HPA-5b
are higher than in FNAIT cases mediated by anti-HPA-1a.
Differences in cell type distribution of antigen may explain
the disparity of biological consequences. To avoid mixing of
different entities, we included exclusively the large group of
mothers with anti-HPA-la antibodies in the group FNAIT
proven’. This group included all women who were HPA-1a-
negative (HPA-1bb), had an HPA-la-positive offspring and
had anti-HPA-1la antibodies. Six women in this group had
additional anti-HPA antibodies, mainly anti-HPA-5b.
Finally, we included 617 cases in the FNAIT excluded group
(control) and 144 cases in the FNAIT proven group (FNAIT
due to anti-HPA-la antibodies). All data were retrieved
from the in-house laboratory information system and our
laboratory’s medical records, including the referring physi-
cian’s letter.

Work-up of suspected FNAIT families

The platelet count was determined in ethylenediaminete-
traacetic acid-anticoagulated whole blood, using a haema-
tology analyser (KX-2IN, Sysmex Corporation, Kobe,
Japan). A platelet count <10 x 10°/1 was controlled micro-
scopically in a counting chamber. ABO blood groups were
determined for the mother, father and newborn. DNA was
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isolated from maternal, paternal and neonatal whole blood
and genotyped for HPA-1, -2, -3, -5, -9 and -15 using a
real-time polymerase chain reaction (TaqMan; Applied
Biosystems/Thermo Fisher Scientific, Darmstadt, Germany).
Maternal serum was used to detect platelet-reactive alloanti-
bodies. Postpartum samples were collected soon after deliv-
ery when FNAIT was suspected by the referring physician.
We did not include follow-up serum samples of the same
mothers to avoid bias by evanescence or affinity maturation
of antibodies not reflecting the maternal humoral immune
response during the actual pregnancy. Paternal platelets and
platelets from donors with known HPA genotypes were iso-
lated to perform the indirect monoclonal antibody immo-
bilisation of platelet antigens (MAIPA) assay. Maternal
platelets were isolated from mothers with thrombocytopenia
(platelet count <100 x 10°/1) for detection of maternal
autoantibodies in a direct MAIPA. The MAIPA assay was
essentially performed as previously described by Kiefel et al.
(1987). A MAIPA crossmatch (maternal serum with pater-
nal platelets) was performed using monoclonal antibodies
(MoAbs) Gi5, FMC25, Gi9, TAE/D2 and Gil8 specific for
platelet membrane glycoproteins (gp) gp IIb/Illa, gp Ib/IX,
gp Ta/lla, CD 109 and CD31, respectively. Maternal serum
was also tested with at least three panel cells with known
genotypes (two homozygous and one heterozygous test cell
for frequent HPAs) in an indirect MAIPA. Test sensitivity
was controlled using a World Health Organization anti-
HPA-1la reference reagent (National Institute for Biological
Standards and Control 05/106). Direct MAIPA with mater-
nal platelets was performed using MoAbs Gi5, FMC25 and
Gi9 against glycoproteins, gp IIb/Illa, gp Ib/IX and gp Ia/
Ila, respectively, to exclude maternal autoantibodies as a
FNAIT cause. The presence of maternal anti-HLA class I
antibodies was investigated in indirect MAIPA with two
pooled panel cells containing 20 different blood donors, as
well as in the crossmatch (maternal serum with paternal
platelets) employing MoAb B1G6 directed to B2-microglob-
ulin. MAIPA positive results were grouped through semi-
quantitative scores (1 to 4) based on delta optical density
(DOD = OD test — OD blank). A DOD >0-2 was scored
as 1, a DOD >0-4 as 2, a DOD >0-8 as 3, and DODs >1-2
as 4.

Statistical analysis

Data were managed and analysed using ExcerL (Microsoft
Office 365; Microsoft Corporation, Redmond, WA, USA)
and Prism 8 (GraphPad Software, Inc., San Diego, CA, USA)
software packages. For descriptive purposes, both groups’
characteristics were presented as medians and interquartile
ranges (IQRs). The putative risk factors’ effect on the out-
comes, neonatal platelet count, birth weight and ICH was
assessed descriptively using the Mann-Whitney U test,
Kruskal-Wallis test, or Fisher's exact test, as appropriate.
Missing values are indicated throughout.

Neonatal Alloimmune Thrombocytopenia

Meta-analysis

We searched for eligible publications in the National Center
for Biotechnology Information PubMed database. The search
was restricted to publications written in English. Additional
publications were identified through cross-referencing. We
selected all reports on screening studies with data regarding
maternal anti-HLA antibodies and neonatal platelet count in
unselected cohorts of pregnant women. The outcome of the
meta-analysis was the risk ratio of maternal anti-HLA anti-
bodies on neonatal thrombocytopenia (platelet count <150 x
10°/1). This analysis was performed using Review Manager
5-3 (Review Manager, 2014).

Study approval

The study was approved by the Ethics Committee of the
Medical Faculty, Justus-Liebig-University (Giessen, Germany)
(file number 82/09).

Results

Alloimmunisation against paternal HLA class I antigens
is not associated with maternal immune response to
HPA-1a

We compared the prevalence of maternal anti-HLA class I
antibodies in controls (FNAIT excluded) and cases (anti-
HPA-1a antibody positive) to test the hypothesis that alloim-
munisation against paternal HLA class I antigens reflects a
general propensity to mount an immune response to foetal
alloantigens (Table I). Cases and controls were matched for
maternal age, whereas male sex was overrepresented in con-
trols (61%) and cases (72%; P = 0-02). Maternal antibodies’
prevalence against paternal HLA class I antigens did not dif-
fer between controls (43%) and cases (46%).

The absence or presence of maternal anti-HLA class 1
antibodies is not associated with platelet count in
thrombocytopenic neonates

The median platelet count in thrombocytopenic neonates did
not differ according to the absence or presence of maternal
antibodies against paternal HLA class I antigens (Fig 2).
However, the platelet count of neonates born to mothers
immunised against the foetal/neonatal HPA-la antigen was
significantly lower compared with that recorded in thrombo-
cytopenic neonates, in whom FNAIT was excluded (median:
67 x 10°/1; IQR: 37-112 versus median: 45-5; IQR 18-89-5;
P < 0-0001). We plotted the neonatal platelet count in con-
trols, according to a negative or positive result of the HLA
class I-specific cross match, between maternal serum and
paternal platelets. Positive results were grouped through
semi-quantitative scoring from 1+ to 4+ (Fig 2). There was
no association detected between the semi-quantitative scores
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Table I. Baseline characteristics of thrombocytopenic neonates.

Controls*  FNAITT cases

Characteristic (n=617) (n = 144) P value§
Maternal age — years
Median 31 31 n.s.
Range 26-34 26-35
Missing values — n (%) 98 (16) 14 (10)
Sex of the neonate
Male sex — n (%) 379 (61) 104 (72) 0-02
Missing values — 1 (%) - -
Platelet count of the neonate
Median (10°/1) 67 45.5 <0-0001
Interquartile range 37-112 18-89-5
Missing values — n (%) 12 (2) 12 (8)
Maternal HLA class I antibodies
Positive — n (%) 231 (43) 54 (46) n.s.

Missing values — n (%) 77 (12) 28 (19)

*Thrombocytopenic neonates; foetal and neonatal alloimmune
thrombocytopenia excluded.

FENAIT, foetal and neonatal alloimmune thrombocytopenia; diagno-
sis of FNAIT due to maternal anti-HPA-1a antibodies confirmed.
§All P values are two-sided and are based on Fisher’s exact test (for
categorial variables) or the Mann—Whitney U test (for continuous
variables).

of the HLA class I-specific MAIPA assay and neonatal plate-
let count.

The absence or presence of maternal anti-HLA class 1
antibodies is not associated with platelet count, birth
weight, or ICH in FNAIT cases

We tested the hypothesis that maternal anti-HLA class I anti-
bodies may worsen pre-existing FNAIT’s clinical course. For
this purpose, neonatal platelet counts (Fig 3), birth weight
(Fig 4) and absence or presence of ICH (Fig 5) were grouped
according to the absence or presence of maternal antibodies
against paternal HLA class I antigens. ICH occurred in 10 of
the 81 cases (12:35%) without, and in six of the 56 cases
(10-71%) with, detection of maternal anti-HLA class I anti-
bodies (Fig 5). In conclusion, an association between the
presence or absence of maternal anti-HLA class I antibodies
and the tested clinical endpoints was not detected.

Meta-analysis of studies regarding the possible
association of maternal anti-HLA antibodies and
neonatal thrombocytopenia in normal pregnancies

Table II presents the results of a meta-analysis of studies
regarding the possible association of maternal anti-HLA anti-
bodies with neonatal thrombocytopenia in normal pregnan-
cies. Sharon and Amar (1981) screened 1 507 women
immediately after delivery for panel reactive lymphocytotoxic
antibodies. Of those, 32-8% were positive. Neonatal platelet
counts were performed only when bleeding was suspected.

(A) 309 231 116

* %Kk k

Median, IQR

Neonatal platelet count (x 109/1)

I I I
Anti-HLA Anti-HLA  Anti-HPA-1a
| negative positive | positive

Controls Cases

300 20 26 20 156
100 ]
50 :

0 I - I I I I
Negative 1+ 2+ 3+ 4+
Maternal HLA antibody

(x 109) B
g
|

Median, IQR

Neonatal platelet count

Fig 2. (A) Platelet counts of 540 controls (FNAIT excluded) and 116
cases (FNAIT due to maternal anti-HPA-1la antibodies proven). The
median platelet count (+/— interquartile range, IQR) in controls is
plotted according to a negative or positive cross match between the
maternal serum and paternal platelets, determined through the B2-
microglobulin-specific MAIPA assay (anti-HLA negative or positive).
P < 0-0001; Kruskal-Wallis test. (B) Platelet count of 540 thrombo-
cytopenic neonates in whom foetal and neonatal alloimmune throm-
bocytopenia were excluded. The median platelet count (+/— IQR) is
plotted according to a negative or positive crossmatch between the
maternal serum and paternal platelets, determined through the B2-
microglobulin-specific MAIPA assay (maternal HLA antibodies nega-
tive or positive). Positive results are grouped according to semi-
quantitative scoring from 1+ to 4+. Not significant; Kruskal-Wallis
test.

Among the neonates, 57 (3:8%) were thrombocytopenic, and
the investigators attributed this to ABO incompatibility or
sepsis. The anti-HLA status of mothers in these 57 cases was
not provided. An association between maternal anti-HLA
antibodies and neonatal thrombocytopenia was not reported
in this study. Skacel et al. (1989) screened for panel reactive
lymphocytotoxic anti-HLA antibodies in sera, obtained at
34 weeks of gestation from 142 women, and performed pla-
telet counts using the corresponding cord blood samples.
HLA antibodies’ presence was not associated with the cord
blood platelet count. However, six counts in the group with
HLA antibodies were <150 x 10°/1 compared with one count
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Fig 3. Platelet count of 116 thrombocytopenic neonates with con-
firmed diagnosis of FNAIT (maternal anti-HPA-la antibodies
detected, mother HPA-1bb, offspring HPA-1ab). The median platelet
count (+/— interquartile range, IQR) is plotted according to a nega-
tive or positive crossmatch between the maternal serum and paternal
platelets, determined through the P2-microglobulin-specific MAIPA
assay (HLA antibody negative or positive). Not significant; Mann—
Whitney U test.

in the group without HLA antibodies. Marshall et al. (1994)
screened 600 women at their first antenatal visit (i.e. 8-
20 weeks of gestation) for panel reactive anti-HLA antibodies
using platelet flow cytometry. Of those tested, 95 women
(15-8%) had anti-HLA antibodies alone. A follow-up of 62
infants born to these women did not reveal any cases of
thrombocytopenia. Panzer et al. (1995) evaluated the inci-
dence of anti-platelet antibodies in 933 mother—child pairs.
Panel reactive lymphocytotoxic anti-HLA antibodies were

5000 :
o :
4000 o :
@ ° .
£ 3000 Q :
2 :
g .o :

< 2000 LI : o

= L4 : LX)

@ o :

1000 : °

0 T T

HLA antibody HLA antibody
negative positive

Fig 4. Birth weight of 80 thrombocytopenic neonates with confirmed
diagnosis of FNAIT (maternal anti-HPA-la antibodies detected,
mother HPA-1bb, offspring HPA-lab). The median birth weight
(+/— interquartile range, IQR) is plotted according to a negative cross
match (median birth weight: 3 198 g; IQR: 2 670-3 638 g) or posi-
tive crossmatch (median birth weight: 3 050 g; IQR: 2 798-3 528)
between the maternal serum and paternal platelets, determined
through the B2-microglobulin-specific MAIPA assay (HLA antibody
negative or positive). Not significant; Mann—Whitney U test.

Neonatal Alloimmune Thrombocytopenia

81

56
100
- Bl =

T 3 nolCH

% of cases
[¢)]
o
1

T T
HLA antibody HLA antibody
negative positive

Fig 5. Intracranial haemorrhage among 137 thrombocytopenic neo-
nates with confirmed diagnosis of FNAIT (maternal anti-HPA-la
antibodies detected, mother HPA-1bb, offspring HPA-1ab). The bars
display the proportion of cases with (black) and without (white)
intracranial haemorrhage (ICH). Cases are grouped according to a
negative or positive crossmatch between the maternal serum and
paternal platelets, determined through the P2-microglobulin-specific
MAIPA assay (HLA antibody negative or positive). Not significant;
Fisher’s exact test.

determined in 35 thrombocytopenic neonates (3-8%), five of
whom tested positive for anti-HLA antibodies. King et al.
(1996) studied 493 births and the possible association of
maternal panel reactive anti-HLA antibodies with neonatal
platelet counts. The HLA antibodies were detected through
the enzyme-linked immunosorbent assay employing purified
HLA class T antigens prepared from platelet concentrates. Of
the mothers, 139 (31%) were immunised to HLA class I anti-
gens. There was no association between HLA antibodies and
neonatal platelet count. In addition, cord blood sera from
neonates whose mothers had anti-HLA antibodies were
tested to determine the presence of anti-HLA antibodies in
the circulation of the neonate. HLA antibodies were detected
in eight of 60 neonates (13%). Six of the 47 neonates
(12-8%) in the group without thrombocytopenia, versus two
of the five neonates (40%) in the group with thrombocy-
topenia, tested positive; however, the difference between the
two groups was not statistically significant. Owing to the lack
of events (e.g. neonatal thrombocytopenia) or missing data
in controls, we were able to calculate the possible effect of
the presence of maternal anti-HLA antibodies on neonatal
thrombocytopenia in only two of the five prospective studies.
The overall effect was not statistically significant (P = 0-51).

Discussion

To the best of our knowledge, this is the first systematic
study of the possible role of maternal antibodies against
paternal HLA class I antigens in an unselected cohort of sus-
pected FNAIT cases. In this study, the P2-microglobulin
MAIPA was used to detect anti-HLA class I antibodies. This
method was validated in a prospective study investigating the
association between anti-HLA class I antibodies and
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refractoriness to platelet transfusion, comparing B2-mi-
croglobulin MAIPA and LCT in 55 patients and 141 platelet
transfusion episodes (Kurz et al., 2001). The B2-microglobu-
lin MAIPA and LCT’s sensitivity to predict refractoriness to
platelet transfusion (corrected count increment <5 at 16—
20 h after transfusion) was 0-61 (36/59) and 0-17 (10/59),
respectively. The specificity was 0-89 (73/82) and 0-99 (81/
82), respectively. All HLA antibodies detected using the LCT
were also detected through the P2-microglobulin MAIPA
assay. Perhaps a more sensitive test than the f2-microglobu-
lin MAIPA assay (e.g. a Luminex binding assay) is warranted
to detect the possible association between maternal HLA
antibodies and neonatal thrombocytopenia. Analysis of
serum samples from patients that were originally included in
the Trial to Reduce Alloimmunisation to Platelets study
(Trial to Reduce Alloimmunisation to Platelets Study Group,
1997) showed that low levels of HLA antibodies, detectable
through the Luminex binding assay alone, were not associ-
ated with refractoriness to platelet transfusion (Jackman
et al, 2013). The results of the P2-microglobulin MAIPA
assay crossmatch between maternal serum and paternal plate-
lets may not reflect the presence of maternal HLA class I
antibodies that are directed against the neonate’s class I anti-
gens. The antibodies may be directed against non-inherited
paternal antigens induced in a previous pregnancy. However,
Dahl et al. (2017) demonstrated, through epitope mapping,
that in most pregnant women maternal anti-HLA class I
antibodies are directed towards paternally inherited foetal
epitopes of the actual pregnancy. Furthermore, a strong cor-
relation between the optical density value, obtained from the
B2-microglobulin MAIPA assay and the mean fluorescence
intensity, obtained from a Luminex assay for the detection of
anti-HLA class 1 antibodies (FlowPRA), has been reported
(Dahl et al.,, 2016). In conclusion, the crossmatch between
maternal serum and paternal platelets, using the [B2-mi-
croglobulin MAIPA assay, reflects cognate maternal immuni-
sation against paternal HLA class I antigens. Most of these
antibodies may be directed against paternally inherited HLA
class T antigens of the present offspring (Dahl et al., 2017).
We did not detect an association between the presence of
maternal anti-HLA class I antibodies and the immune
response to the foetal HPA-1a antigen. Recently, HLA sensi-
tisation was reported as a predictor for the formation of
anti-HPA antibodies in a small series of nine pregnant
women immunised against HPA (Reiher et al, 2017). We
could not confirm this observation in a large case series of
FNAIT cases caused by maternal anti-HPA-la antibodies.
Instead, recent genetic association studies confirmed that the
propensity to mount a maternal immune response to the
foetal HPA-1a antigen is strongly associated with the mater-
nal HLA allele HLA-DBR3*01:01 (Sainio et al., 2017; Wien-
zek-Lischka et al., 2017; Kjeldsen-Kragh et al., 2019). In the
presence of maternal anti-HPA-la antibodies, the neonatal
platelet count was significantly lower than that observed in
thrombocytopenic neonates without FNAIT. The association

of platelet alloimmunisation with severe neonatal thrombocy-
topenia, compared with other causes of neonatal thrombocy-
topenia in which severe thrombocytopenia is a rare finding,
has been reported in a large cross-sectional study (Burrows
& Kelton, 1993).

Prospective cohort studies in wunselected pregnancies
(Sharon & Amar, 1981; Skacel et al, 1989; Marshall et al.,
1994; Panzer et al., 1995; King et al., 1996) did not associate
maternal anti-HLA antibodies with neonatal thrombocytope-
nia, with one exception. Our systematic meta-analysis
demonstrated that an important limitation of currently avail-
able studies was the small number, or even absence, of
thrombocytopenic neonates in the study sample (Table II).
Thus, we investigated maternal antibodies’ possible role
against paternal HLA class I antigens in a large cohort of sus-
pected FNAIT cases. We did not detect an association of
maternal anti-HLA class I antibodies with the neonatal plate-
let count in cases where FNAIT was excluded. Moreover, in
FNAIT cases, we did not detect an association with the
neonatal platelet count, birth weight, or ICH occurrence.

The presence of HLA antibodies (leukoagglutinins) in sera
obtained from pregnant women was first demonstrated by
van Rood (van Rood et al., 1958) and Payne (Payne & Rolfs,
1958) in 1958. Anti-HLA antibodies are detected through
LCT in 18-30% of pregnant women (Regan et al, 1991).
Regan et al. (1991) tested the serial blood samples of 306
pregnant women, demonstrating that anti-paternal cytotoxic
antibodies appeared at 28 weeks of gestation or later in most
cases. In this study, 32% had anti-paternal antibodies after
successful completion of pregnancy; cytotoxic antibodies dis-
appeared between pregnancies in most cases. Through the
use of more sensitive solid-phase Luminex assays, the inci-
dence of anti-HLA immunisation during pregnancy was
>50% (Masson et al., 2013; Vilches & Nieto, 2015). Conse-
quently, there is a high possibility of finding maternal HLA
antibodies in thrombocytopenic neonates attributed to
chance. In 1962 and 1964, Shulman et al. (1962) and Pearson
et al. (1964) respectively investigated neonatal thrombocy-
topenia cases. Through complement fixation, they detected
maternal antibodies directed against paternally inherited anti-
gens on neonatal platelets, granulocytes and lymphocytes.
Subsequently, it was shown that these antibodies (anti-
PIGrLy®" and anti-PIGrLy“") were directed against HLA class
I antigens. After these initial reports, an ongoing series of
case reports was published, in which maternal antibodies
directed against HLA class I antigens of the neonate were
associated with neonatal thrombocytopenia (Svejgaard et al.,
1967; Sternbach et al., 1986; Evans, 1987; Chow et al., 1992;
Onishi et al., 1992; del Rosario et al., 1998; Tanaka et al.,
2000; Sasaki et al., 2001; Saito et al., 2003; Moncharmont
et al, 2004; Thude et al, 2006; Gramatges et al., 2009;
Starcevic et al., 2010; Hutchinson et al, 2015; Nakamura
et al., 2015; Meler et al., 2017; Wendel et al., 2017). Owing
to the high incidence of maternal anti-HLA class I antibodies
at term, these observations may be coincidental.
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Table II. Meta-analysis of studies investigating the association of maternal HLA class I antibodies with the risk of neonatal thrombocytopenia

(events: platelet count <150 x 10°/).%

+ HLA antibodies - HLA antibodies
Study or Subgroup Events Total Events  Total Weight

M-H, Random, 95% CI Year

Odds Ratio Odds Ratio

M-H, Random, 95% ClI

King 1996 10 139 27 308 582%
Panzer 1995 5 0 30 0
Marshall 1994 0 62 0 505

Skacel 1989 6 57 1 85 41-8%
Sharon 1981 0 495 0 1012

Total (95% Cl) 753 1910 100-0%
Total events 21 58

Heterogeneity: Tau? = 2-55; Chi? = 4-78, df = 1 (P = 0-03); I*= 79%
Test for overall effect: Z = 0-67 (P = 0-51)

0-81[0-38,1:72] 1996
Not estimable 1995
Not estimable 1994

9-88 [1+16, 84-45] 1989
Not estimable 1981

‘

2:30 [0-20, 26-78]

001 01 1 10 100
- HLA antibodies  + HLA antibodies

*In Sharon’s study, thrombocytopenia was not observed in 28 cases, in which monospecific anti-HLA antibodies reacted with paternal lympho-

cytes. In this series, 57 infants were thrombocytopenic, and this was related to ABO incompatibility or sepsis, as judged by the investigators. The

anti-HLA status of mothers in these 57 cases was not provided.

In this study, we did not detect an association of birth
weight with the presence or absence of maternal anti-HLA
class T antibodies in newborns with FNAIT. An association
between the levels of maternal anti-HLA class I antibody and
reduced birth weight was reported in 50 thrombocytopenic
neonates, in whom maternal anti-HPA antibodies were
excluded and maternal anti-HLA antibodies were detected
(Dahl et al., 2016). Interpreting these results is difficult con-
sidering the lack of a matched control group of thrombocy-
topenic neonates born to mothers without anti-HLA class I
antibodies. A recent meta-analysis did not report a significant
effect of maternal anti-HLA class I or class II antibodies on
any of the investigated pregnancy outcomes (Lashley et al.,
2013).

Refsum et al. (2017) investigated 23 mother—child pairs
with thrombocytopenic newborns, in whom FNAIT due to
anti-HPA antibodies was excluded and maternal anti-HLA
class 1 antibodies were detected. There was no significant
correlation between the newborn platelet count nadir or clin-
ical outcomes and antibody strength (i.e. median mean fluo-
rescence intensity). Interpreting these results is difficult
considering the lack of a matched control group of mother—
child pairs without maternal anti-HLA class I antibodies.

The transfer of maternal anti-platelet antibodies to the
foetus may resemble a transfusion of plasma-containing
blood products from donors with platelet antibodies. Throm-
bocytopenia secondary to passive transfer of anti-platelet
antibodies is a rare blood transfusion complication (Swain
et al., 2018). All published cases involved passive transfer of
anti-HPA antibodies, with anti-HPA-1la antibodies reported
in almost all cases (Pavenski et al., 2008; Collins et al., 2013;
Swain et al., 2018).

In transfusion-associated acute lung injury (TRALI),
induced after infusion of anti-HLA class I antibodies, mild
thrombocytopenia has been observed in patients (Ausley,

1987). This finding was also reported in an anti-major histo-
compatibility complex class I TRALI mouse model (Looney
et al., 2009). A similar observation was noted after transfu-
sion of granulocyte-specific antibodies (anti-HLA class I anti-
bodies excluded) (Ausley, 1987), and sequestration of
platelets in the lung has been attributed to mild thrombocy-
topenia in severe TRALI (Looney et al., 2009). Several retro-
spective studies investigating the prevalence of transfusion
reactions in recipients of donor components, with and with-
out anti-HLA antibodies, did not report thrombocytopenia
in recipients (Maslanka et al, 2007; Fadeyi et al, 2008;
Kleinman et al., 2011). Collectively, the results indicate that
the infusion of plasma-containing blood products with anti-
HLA class I antibodies seemingly does not lead to thrombo-
cytopenia in the recipient, except in cases of severe TRALI in
whom sequestration of platelets in the lung may cause mild
thrombocytopenia.

Based on the present study’s data and the experimental and
clinical data available in the literature, we conclude that anti-
HLA class I antibodies can destroy platelets in the host-versus-
graft direction (i.e. in the setting of platelet transfusion). In
this setting, cognate HLA antibodies exclusively interact with
HLA class I antigens on foreign platelets and may lead to pla-
telet destruction through different mechanisms. In the graft-
versus-host direction (i.e. transfer of maternal HLA antibodies
to the foetus or transfer of HLA antibodies via plasma-con-
taining blood products), destruction of platelets is not
observed. The abandoned expression of soluble and mem-
brane-bound HLA class I molecules in the host may neutralise
any potential pathogenic effect on platelets.

This study’s results suggest that, in pregnant women with
a history of suspected FNAIT due to maternal anti-HLA class
I antibodies, invasive diagnostic measures (i.e. foetal blood
sampling) and administration of intravenous immunoglobu-
lin are not evidence-based practice.

© 2020 The Authors. British Journal of Haematology published by British Society for Haematology 757
and John Wiley & Sons Ltd. British Journal of Haematology, 2020, 189, 751-759

85U80|7 SUOWWIOD @A ea1 8|qed!|dde 8y} Aq pausenob are ssjolie YO ‘SN JO Se|n. 10y AriqiT8UIUO A8]IM UO (SUORIPUCO-PUe-SWLR/W0o" A3 | 1M AfeIq1 Ul |UO//SANY) SUORIPUOD PUe SWe 1 8y} 89S *[2202/TT/T0] Uo AriqiTauliuo A1 ‘BiseAun-ige11-snisnt Aq 6TH9T UQ/TTTT OT/I0p/W0 A8 | 1M Aeiq 1 Buluo//SdnY Wouy papeoumod ‘v ‘0202 ‘TTZS9ET



U. J. Sachs et al.

Acknowledgements

The authors would like to thank Astrid Giptner-Rieger, Petra
Ziegler, Marica Miiller and Claudia Zwingel for excellent

technical support.

Author Contributions

UJS, SWL and GB designed the study. YD, DQ and WH
analysed the data. YD, WH and GB completed the statistical

References

Ausley, M.B. (1987) Fatal transfusion reactions
caused by donor antibodies to recipient leuko-
cytes. The American Journal of Forensic Medicine
and Pathology, 8, 287-290.

Burrows, R.F. & Kelton, J.G. (1993) Fetal throm-
bocytopenia and its relation to maternal throm-
bocytopenia. The New England Journal of
Medicine, 329, 1463—-1466.

Chow, M.P., Sun, KJ., Yung, CH., Hu, HY,,
Tzeng, J.L. & Lee, T.D. (1992) Neonatal alloim-
mune thrombocytopenia due to HLA-A2 anti-
body. Acta Haematologica, 87, 153-155.

Collins, C.L., Scott, J.P., Panepinto, J.A. & Punza-
lan, R.C. (2013) Severe thrombocytopenia in a
child secondary to passive platelet antibody
transfer from a plasma transfusion. Journal of
Pediatric Hematology/Oncology, 35, €226-8.

Dahl, J., Husebekk, A., Acharya, G., Flo, K., Stuge,
T.B., Skogen, B., Straume, B. & Tiller, H. (2016)
Maternal anti-HLA class I antibodies are associ-
ated with reduced birth weight in thrombocy-
topenic  neonates. Journal of Reproductive
Immunology, 113, 27-34.

Dahl, J., Refsum, E., Ahlen, M.T., Egeland, T., Jen-
sen, T., Viken, M.K,, Stuge, T.B., Acharya, G,
Husebekk, A., Skogen, B. & Tiller, H. (2017)
Unraveling the role of maternal anti-HLA class I
antibodies in fetal and neonatal thrombocytope-
nia-Antibody specificity analysis using epitope
data. Journal of Reproductive Immunology, 122,
1-9.

Davoren, A., Curtis, B., Aster, R.H. & McFarland,
J. (2004) Human platelet antigen-specific alloan-
tibodies implicated in 1162 cases of neonatal
alloimmune thrombocytopenia. Transfusion, 44,
1220-1225.

Evans, D.I. (1987) Immune amegakaryocytic
thrombocytopenia of the newborn: association
with anti-HLA-A2. Journal of Clinical Pathology,
40, 258-261.

Fadeyi, E.A., Adams, S., Sheldon, S., Leitman, S.F,,
Wesley, R., Klein, H.G. & Stroncek, D.F. (2008)
A preliminary comparison of the prevalence of
transfusion reactions in recipients of platelet
components from donors with and without
human leucocyte antigen antibodies. Vox San-
guinis, 94, 324-328.

Ghevaert, C., Campbell, K., Walton, J., Smith, G.,
Allen, D., Williamson, L., Ouwehand, W. &

analysis of the data. GB, UJS, SWL, NC, SS and BB con-
tributed to the first draught of the manuscript. GB assumed

the final responsibility to submit the manuscript for publica-
tion. All authors had full access to all of the data, carefully

reviewed the manuscript and approved the final version.

Conflict of Interest

Ranasinghe, E. (2007) Management and out-
come of 200 cases of fetomaternal alloimmune
thrombocytopenia. Transfusion, 47, 901-910.

Gramatges, M.M., Fani, P., Nadeau, K., Pereira, S.
& Jeng, M.R. (2009) Neonatal alloimmune
thrombocytopenia and neutropenia associated
with maternal human leukocyte antigen anti-
bodies. Pediatric Blood ¢ Cancer, 53, 97-99.

Hutchinson, A.L., Dennington, P.M., Holdsworth,
R. & Downe, L. (2015) Recurrent HLA-B56
mediated neonatal alloimmune thrombocytope-
nia with fatal outcomes. Transfusion and Aphere-
sis Science: Official Journal of the World Apheresis
Association: Official Journal of the European Soci-
ety for Haemapheresis, 52, 311-313.

Jackman, R.P., Deng, X., Bolgiano, D., Lebedeva,
M., Heitman, ]J.W., Busch, M.P., Slichter, S.J. &
Norris, P.J. (2013) Low-level HLA antibodies do
not predict platelet transfusion failure in TRAP
study participants. Blood, 121, 3261-6; quiz
3299.

Kamphuis, M.M., Paridaans, N.P., Porcelijn, L.,
Lopriore, E. & Oepkes, D. (2014) Incidence and
consequences of neonatal alloimmune thrombo-
cytopenia: a systematic review. Pediatrics, 1-7.

Kao, K.J., Cook, D.J. & Scornik, J.C. (1986) Quan-
titative analysis of platelet surface HLA by W6/
32 anti-HLA monoclonal antibody. Blood, 68,
627-632.

Kiefel, V., Santoso, S., Weisheit, M. & Mueller-
Eckhardt, C. (1987) Monoclonal antibody—speci-
fic immobilization of platelet antigens (MAIPA):
a new tool for the identification of platelet-reac-
tive antibodies. Blood, 70, 1722—1726.

King, K.E., Kao, KJ., Bray, P.F.,, Casella, J.F,
Blakemore, K., Callan, N.A., Kennedy, S.D. &
Kickler, T.S. (1996) The role of HLA antibodies
in neonatal thrombocytopenia: a prospective
study. Tissue Antigens, 47, 206-211.

Kjeldsen-Kragh, J., Titze, T.L., Lie, B.A., Vaage,
J.T. & Kjeer, M. (2019) HLA-DRB3*01:01 exhi-
bits a dose-dependent impact on HPA-la anti-
body levels in HPA-la-immunized women.
Blood Advances, 3, 945-951.

Kleinman, S.H., Triulzi, D.J., Murphy, E.L., Carey,
P.M., Gottschall, J.L., Roback, J.D., Carrick, D.,
Mathew, S., Wright, D.J., Cable, R., Ness, P.,
Gajic, O., Hubmayr, R.D., Looney, M.R. &
Kakaiya, R.M. (2011) The Leukocyte Antibody
Prevalence Study-II (LAPS-II): a retrospective
cohort study of transfusion-related acute lung

The authors declare that they have no conflicts of interest
relevant to the manuscript.

injury in recipients of high-plasma-volume
human leukocyte antigen antibody-positive or -
negative components. Transfusion, 51, 2078—
2091.

Kroll, H., Yates, J. & Santoso, S. (2005) Immuniza-
tion against a low-frequency human platelet al-
loantigen in fetal alloimmune thrombocytopenia
is not a single event: characterization by the
combined use of reference DNA and novel
allele-specific cell lines expressing recombinant
antigens. Transfusion, 45, 353—358.

Kurz, M., Knobl, P., Kalhs, P., Greinix, H.T.,
Hocker, P. & Panzer, S. (2001) Platelet-reactive
HLA antibodies associated with low posttransfu-
sion platelet increments:a comparison between
the monoclonal antibody-specific immobiliza-
tion of platelet antigens assay and the lympho-
cytotoxicity test. Transfusion, 41, 771-774.

Lashley, E.E.L.O., Meuleman, T. & Claas, F.H.J.
(2013) Beneficial or harmful effect of antipater-
nal human leukocyte antibodies on pregnancy
outcome? A systematic review and meta-analysis.
American Journal of Reproductive Immunology,
70, 87-103.

Looney, M.R., Nguyen, J.X., Hu, Y., van Ziffle,
J.A., Lowell, C.A. & Matthay, M.A. (2009) Plate-
let depletion and aspirin treatment protect mice
in a two-event model of transfusion-related
acute lung injury. The Journal of Clinical Investi-
gation, 119, 3450-3461.

Marshall, L.R., Brogden, F.E., Roper, T.S. & Barr,
AL (1994) Antenatal platelet antibody testing
by flow cytometry-results of a pilot study.
Transfusion, 34, 961-965.

Maslanka, K., Michur, H., Zupanska, B., Uhry-
nowska, M. & Nowak, J. (2007) Leucocyte anti-
bodies in blood donors and a look back on
recipients of their blood components. Vox San-
guinis, 92, 247-249.

Masson, E., Vidal, C., Deschamps, M., Bongain, S.,
Thevenin, C., Dupont, L, Rietmulher, D., Pou-
thier, F., Mongaillard, G., Chabod, J., Ferrand,
C., Tiberghien, P. & Rebibou, J.-M. (2013) Inci-
dence and risk factors of anti-HLA immuniza-
tion after pregnancy. Human Immunology, 74,
946-951.

Meler, E., Porta, R., Canals, C., Serra, B. &
Lozano, M. (2017) Fatal alloimmune thrombo-
cytopenia due to anti-HLA alloimmunization in
a twin pregnancy: A very infrequent complica-
tion of assisted reproduction. Transfusion and

758 © 2020 The Authors. British Journal of Haematology published by British Society for Haematology
and John Wiley & Sons Ltd. British Journal of Haematology, 2020, 189, 751-759

TYTZSIET

85U80|7 SUOWWIOD @A eaID 8|qed!|dde ayy Aq pausenob are ssjolie YO ‘SN Jo Se|nl 10y ArIqIT8UIUO A8]IM UO (SUORIPUCO-PUe-SWLRY/W0D" A3 | 1M AfeIq 1 U1 UO//:SANY) SUORIPUOD pUe SWe 1 8Y3 89S *[2202/TT/T0] Uo AriqiTauliuo A1 ‘BiseAun-Biger1-smsnt Aq 6TH9T UMQ/TTTT OT/I0pAW0D A8 IM AReiq 1 jeuluo//Sdny Wouy papeoumod ‘v ‘0202



Apheresis Science: Official Journal of the World
Apheresis  Association: Official Journal of the
European Society for Haemapheresis, 56, 165—
167.

Moncharmont, P., Dubois, V., Obegi, C., Vignal,
M., Mérieux, Y., Gebuhrer, L. & Rigal, D.
(2004) HLA antibodies and neonatal alloim-
mune thrombocytopenia. Acta Haematologica,
111, 215-220.

Nakamura, T., Nomura, T., Kamohara, T., Taka-
hashi, H., Hatanaka, D., Kusakari, M., Naka-
mura, M., Kawabata, K. & Ohto, H. (2015)
Downs syndrome with neonatal alloimmune
thrombocytopenia due to HLA-A2 antibody.
Fukushima Journal of Medical Science, 61, 149—
154.

Onishi, S., Okubo, S., Matsuzaki, T., Ishida, T. &
Yasunaga, K. (1992) Report of two cases of
neonatal alloimmune thrombocytopenia caused
by anti-HLA antibody, and their screening using
umbilical cord blood. [Rinsho ketsueki] The
Japanese Journal of Clinical Hematology, 33, 42—
47.

Panzer, S., Auerbach, L., Cechova, E., Fischer, G.,
Holensteiner, A., Kitl, E.M., Mayr, W.R., Putz,
M., Wagenbichler, P. & Walchshofer, S. (1995)
Maternal alloimmunization against fetal platelet
antigens: a prospective study. British Journal of
Haematology, 90, 655—660.

Pavenski, K., Webert, K.E. & Goldman, M. (2008)
Consequences of transfusion of platelet anti-
body: a case report and literature review. Trans-
fusion, 48, 1981-1989.

Payne, R. & Rolfs, M.R. (1958) Fetomaternal
leukocyte incompatibility. Journal of Clinical
Investigation, 37, 1756-1763.

Pearson, H.A., Shulman, N.R., Marder, V.J. &
Cone, T.E. (1964) Isoimmune neonatal throm-
bocytopenic purpura. clinical and therapeutic
considerations. Blood, 23, 154-177.

Refsum, E., Mortberg, A., Dahl, J., Meinke, S.,
Auvinen, M.-K., Westgren, M., Reilly, M.,
Hoéglund, P. & Wikman, A. (2017) Characterisa-
tion of maternal human leukocyte antigen class
I antibodies in suspected foetal and neonatal
alloimmune  thrombocytopenia.  Transfusion
Medicine, 27, 43-51.

Regan, L., Braude, P.R. & Hill, D.P. (1991) A
prospective study of the incidence, time of
appearance and significance of anti-paternal
lymphocytotoxic antibodies in human preg-
nancy. Human Reproduction (Oxford, England),
6, 294-298.

Reiher, V.S.A., Honger, G., Infanti, L., Passweg,
J.R., Hésli, 1., Frey, B.M., Gassner, C., Meyer, S.,
Buser, A.S., Holbro, A. & Schaub, S. (2017)

Human platelet antigen antibody induction in

uncomplicated pregnancy is associated with
HLA sensitization. Transfusion, 57, 1272—1279.

Review Manager (2014) Review Manager (Rev-
Man) [Computer program]. Version 5.3.
Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2014.

van Rood, J.J., Eernisse, ].G. & van Leeuwen, A.
(1958) Leucocyte antibodies in sera from preg-
nant women. Nature, 181, 1735-1736.

del Rosario, M.L., Fox, E.R., Kickler, T.S. & Kao,
KJ. (1998) Neonatal alloimmune thrombocy-
topenia associated with maternal anti-HLA anti-
body: a case report. Journal of Pediatric
Hematology/Oncology, 20, 252-256.

Sainio, S., Javela, K., Tuimala, J. & Haimila, K.
(2017) Maternal HLA genotyping is not useful
for predicting severity of fetal and neonatal
alloimmune thrombocytopenia. British Journal
of Haematology, 176, 111-117.

Saito, S., Ota, M., Komatsu, Y., Ota, S., Aoki, S.,
Koike, K., Tokunaga, I, Tsuno, T., Tsuruta, G.,
Kubo, T. & Fukushima, H. (2003) Serologic
analysis of three cases of neonatal alloimmune
thrombocytopenia associated with HLA antibod-
ies. Transfusion, 43, 908-917.

Santoso, S., Kalb, R., Kiefel, V. & Mueller-Eck-
hardt, C. (1993) The presence of messenger
RNA for HLA class I in human platelets and its
capability for protein biosynthesis. British Jour-
nal of Haematology, 84, 451-456.

Sasaki, M., Yagihashi, A., Kobayashi, D., Watan-
abe, N., Fujikawa, T., Chiba, S., Sato, S., Mor-
ishita, K., Sekimoto, T. & Ikeda, H. (2001)
Neonatal alloimmune thrombocytopenia due to
anti-human leukocyte antigen antibody: a case
report. Pediatric Hematology and Oncology, 18,
519-524.

Sharon, R. & Amar, A. (1981) Maternal anti-HLA
antibodies and neonatal thrombocytopenia. Lan-
cet, 1, 1313.

Shulman, N.R,, Aster, R.H., Pearson, H.A. & Hil-
ler, M.C. (1962) Immunoreactions involving
platelet. VI. Reactions of maternal isoantibodies
responsible for neonatal purpura. Differentiation
of a second platelet antigen system. Journal of
Clinical Investigation, 41, 1059-1069.

Skacel, P.O., Stacey, T.E., Tidmarsh, C.E. & Contr-
eras, M. (1989) Maternal alloimmunization to
HLA, platelet and granulocyte-specific antigens
during pregnancy: its influence on cord blood
granulocyte and platelet counts. British Journal
of Haematology, 71, 119-123.

Stanworth, S.J., Navarrete, C., Estcourt, L. &
Marsh, J. (2015) Platelet refractoriness—practical
approaches and ongoing dilemmas in patient
management. British Journal of Haematology,
171, 297-305.

Neonatal Alloimmune Thrombocytopenia

Starcevic, M., Tomicic, M., Malenica, M. & Zah-
Matakovic, V. (2010) Neonatal alloimmune
thrombocytopenia caused by anti-HLA-A24
alloantibodies. Acta Paediatrica (Oslo, Norway:
1992), 99, 630-632.

Sternbach, M.S., Malette, M., Nadon, F. & Guévin,
R.M. (1986) Severe alloimmune neonatal throm-
bocytopenia due to specific HLA antibodies.
Current Studies in Hematology and Blood Trans-
fusion, 52, 97-103.

Svejgaard, A., Borberg, T. & Kissmeyer-Nielsen, F.
(1967) Iso-Immune Neonatal Purpura Caused
by Anti-PIGrLyB1. Scandinavian Journal of Hae-
matology, 4, 118—124.

Swain, F., Baidya, S., Casey, J., Francis, R., Pahn,
G., Burton, M., Hassell, P., Havelberg, K., Jones,
G., Mahon, D. & Holdsworth, R. (2018) Throm-
bocytopenia secondary to passive transfer of
anti-HPA la antibodies from male donor
plasma. Transfusion Medicine, 28, 398—399.

Taaning, E. (2000) HLA antibodies and fetomater-
nal alloimmune thrombocytopenia: myth or
meaningful? Transfusion Medicine Reviews, 14,
275-280.

Tanaka, T., Umesaki, N., Nishio, J., Maeda, K.,
Kawamura, T., Araki, N. & Ogita, S. (2000)
Neonatal thrombocytopenia induced by mater-
nal anti-HLA antibodies: a potential side effect
of allogenic leukocyte immunization for unex-
plained recurrent aborters. Journal of Reproduc-
tive Immunology, 46, 51-57.

Thude, H., Schorner, U., Helfricht, C., Loth, M.,
Maak, B. & Barz, D. (2006) Neonatal alloim-
mune thrombocytopenia caused by human leu-
cocyte  antigen-B27  antibody.  Transfusion
Medicine (Oxford, England), 16, 143-149.

Trial to Reduce Alloimmunization to Platelets
Study Group (1997) Leukocyte reduction and
ultraviolet B irradiation of platelets to prevent
alloimmunization and refractoriness to platelet
transfusions. The New England journal of medi-
cine, 337, 1861-1869.

Vilches, M. & Nieto, A. (2015) Analysis of preg-
nancy-induced anti-HLA antibodies using lumi-
nex platform. Transplantation proceedings, 47,
2608-2610.

Wendel, K., Akkok, C.A. & Kutzsche, S. (2017)
Neonatal alloimmune thrombocytopaenia asso-
ciated with maternal HLA antibodies. BM] case
reports, 2017, ber-2016-218269.

Wienzek-Lischka, S., Kénig, LR., Papenkort, E.-M.,
Hackstein, H., Santoso, S., Sachs, U.J. & Bein,
G. (2017) HLA-DRB3*01:01 is a predictor of
immunization against human platelet antigen-1a
but not of the severity of fetal and neonatal
alloimmune thrombocytopenia. Transfusion, 57,
533-540.

© 2020 The Authors. British Journal of Haematology published by British Society for Haematology 759
and John Wiley & Sons Ltd. British Journal of Haematology, 2020, 189, 751-759

TYTZSIET

95UB017 SUOWIWIOD aA 181D 9|qedljdde ayy Aq peusenob a1e seoie YO ‘SN Jo So|ni Joj Akeiqi 8uliuo A8]IM UO (SUONIPUOD-PUR-SLLBY WD A8 1M ATeIq U1 JUO//SANY) SUONIPUOD pUe SWie | 8y} 89S *[zz02/TT/T0] Uo AriqiTauluo A8(im ‘eiseAun-BigerT-smsnt Aq 6Ty9T YlQ/TTTT 0T/I0p/W0 A8 i Akeiqipuljuo//sdny wouy pepeojumod ‘v ‘0202



