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The Natural History of Fetomaternal Alloimmunization to the Platelet-Specific
Antigen HPA-1a (PIAl, Zw?) as Determined by Antenatal Screening

By Lorna M. Williamson, Gerald Hackett, Janet Rennie, Christopher R. Palmer, Caroline Maciver, Ruth Hadfield,
Darren Hughes, Shirley Jobson, and Willem H. Ouwehand

Immunization against the human platelet antigen (HPA)-1
alloantigen is the most common cause of severe fetal and
neonatal thrombocytopenia. Fetal therapy has substantial
risks and its indications need better definition. Of 24,417
consecutive pregnant women, 618 (2.5%) were HPA-1a nega-
tive of whom 385 entered an observational study. All were
HLA-DRB3*0101 genotyped and screened for anti-HPA-1a.
Their partners and neonates were HPA-1 genotyped and the
latter were assessed by cord blood platelet counts and
cerebral ultrasound scans. Anti-HPA-1a was detected in 46
of 387 pregnancies (12.0%; 95% CI 8.7%-15.2%). All but one
were HLA-DRB3*0101 positive (odds ratio 140; 95% CI 19-
1035; P< .00001). One baby died in utero, and of 26 HPA-1a-

antibodies, 9 were severely thrombocytopenic (8 with a
count <10 x 10%L, 1 with a large porencephalic cyst), 10
were mildly thrombocytopenic, whereas 7 had hormal plate-
let counts. Severe thrombocytopenia was significantly asso-
ciated with a third trimester anti-HPA-1a titer = 1:32 (P =
.004), but was not observed in babies of women with either
transient or postnatal-only antibodies. HPA-1a alloimmuniza-
tion complicates 1 in 350 unselected pregnancies, resulting
in severe thrombocytopenia in 1:1,200. HPA-1a and HLA-
DRB3*0101 typing combined with anti-HPA-1a titration al-
lows selection of the majority of pregnancies at risk of severe
thrombocytopenia.
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positive babies born to women with persistent antenatal

ETOMATERNAL ALLOIMMUNIZATION to paternal ing of fetuses for HPA-1& are technically possible, some
platelet-specific antigens on fetal platelets is the mostinvestigators have proposed antenatal screening for HPA-1a
common cause of severe thrombocytopenia in neofatés.  alloimmunization with interventional therapy to prevent I€H.
though this condition is usually referred to as neonatal alloim- Previous small-scale prospective studies have been under-
mune thrombocytopenia (NAITP), intrauterine death or intrace-taken!3-16 but the wide range of alloimmunization reported
rebral hemorrhage can occur by 20 to 24 weeks of pregrfancy(0%-10%), combined with the small number of affected babies
Most cases show disparity in the biallelic human plateletstudied, prohibits meta-analysis of the outcome of these studies.
antigen (HPA)-1 systerfiwith an HPA-1a (previously, P} or For families with HPA-1a alloimmunization but with no previ-
Zwa) —negative woman and an HPA-1a—positive fétdgproxi- ously affected children, knowledge of the likely outcome is still
mately 2% to 2.5% of the white population is HPA-1a negative; limited. No predictors of severe disease have been established
however, the chance of HPA-1a alloimmunization is stronglythat permit selection of cases for fetal blood sampling with a
associated with maternal HLA class-lIl DRB3*0101 (DR52a) view to antenatal treatment. We therefore aimed to elucidate the
type? natural history of HPA-1a alloimmunization in an observational
Most severe cases of NAITP are diagnosed in the neonatadtudy that examined the relationship between maternal antibod-
period, which justifies fetal blood sampling and antenatalies to HPA-1a, cord platelet count, and infant morbidity in a
therapy in subsequent pregnancies. Intravenous administratiofbhort of HPA-la—negative women identified by HPA-1a
of high doses of immunoglobulin G to the motheand  phenotyping of approximately 25,000 nonselected pregnant
intrauterine transfusions of compatible plateletmave been  women.
successfully used as antenatal therapies; however, they are
associated with the possibility of nonresponse leading to®ICH
or fetal loss from hemorrha§erespectively. Because both
large-scale phenotyping suitable for pregndfeand genotyp-

METHODS

Patient selection and managementhe initial study cohort was all
pregnant women in the predominantly>5%) white East Anglian
region of England, from whom blood samples were received for testing
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charge payment. This article must therefore be hereby méiderder- Women with detectable anti-HPA-1a were contacted for a full family
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this fact. vigorous exercise according to international guidelifés individual-
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Phenotype for HPA-1a at booking

HPA-1a positive
No further investigations

HPA-1a negative
Confirm HPA phenotype by PIFT
Perform HLA-DRB3 genotyping

HLA-DR-B3*0101 positive
Obstetric and transfusion history

Test for anti-HPA-1a
at 26, 30 and 36 weeks

HLA-DR-B3*0101 negative

Test for anti-HPA-1a
at 28-34 weeks
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against mouse immunoglobulin was added. After incubation and washing,
alkaline phosphatase-conjugated goat antibodies to human immunoglobulin
G (Jackson Immunoresearch) was added to each well and incubated for 1
hour, followed by four washes. Color was developed by adding p-nitropheny!
phosphate as substrate and absorbance was measured (Titertek Multi-
scan, version 1.4; Quest Biomedical, Knowle, UK). Each plate included
areagent blank and two wells each of control platelets of the HPA-1ala,
lalb, and 1blb type. Cut-off values were established based on
absorbance values obtained with the positive and negative controls.
Evaluations of HPA-1a typing after the first 3 months showed that two
HPA-la—negative women had been typed HPA-la positive and the
cut-off value was redefined for the final 9 months to reduce the risk of
false-positive HPA-1a phenotypes.

All women who enrolled for the study, and whose initial typing result
was HPA-1a negative were retyped on a fresh EDTA anticoagulated

sample using a polyclonal IgG anti-HPA-1a in the plateletimmunofluo-
‘ rescence tektread by flow cytometry (Becton Dickinson FACScan;
Becton Dickinson UK Limited, Oxford, UK).

HPA-1 genotyping. Genomic DNA from partners and babies of
HPA-1a alloimmunized women was used for HPA-1 genotyping by
polymerase chain reaction amplification of a 482—base-pair fragment of
the GPllla gene, followed by restriction with MsP1 and subsequent
fragment length polymorphism analysis by gel electrophoresis of the
digested DNA If cord blood samples were not received, amplification
was performed by a modified meti#ddvith samples of dried blood
spots from cards taken for phenylketonuria screening.

Detection and titration of HPA antibodies.Samples from HPA-1a—
negative women were screened for antibodies against HPA-1a, HPA-3a,
and HPA-3b by a standard MoAb immobilization of platelet glycopro-
tein assay (MAIPAF? using the MoAb CLB-C17 to GP llb/llla, and
two reagent platelets homozygous for for HPA-1 and -3 antigens. If
antibodies were found, the timing of immunization was assessed by
retrospective testing of stored samples previously sent for HPA/HLA
typing. Titration of anti-HPA-la was performed in the MAIPA in
duplicate, with twofold plasma dilutions in buffered phosphate-buffered
saline (PBS) from undiluted to 1 in 512.

In cases in which neonatal thrombocytopenia was present, and the
mother apparently negative for anti-HPA-1a, extra testing was per-
formed for HPA antibodies. Maternal blood was retested for anti—
HPA-1a in the MAIPA using a different antibody to capture GPllla
depended on previous obstetric history. Invasive procedures such g¥2.51, supplied by Dr D. Mason, Oxford, UK), and also in a
amniocentesis for fetal HPA-1 typing and fetal blood sampling were notsolid-phase assay according to manufacturer’s instructions (supplied by
part of the investigational protocol, but were available if requested (byGTI, Brookfield, WI). Such samples were also examined for the
kind arrangement with Prof Charles Rodeck, University College presence of antibodies against the alloantigens of the HPA-2 and HPA-5
Hospital, London, UK). systems in the MAIPA assay using the MoAbs CLB-MB45 against GP

Cord blood platelet counts were performed on the study cases angh/|x (CD42b) and CLB-10G11 against GP la/lla (CD49b) [both

200 normal babies as controls. ~ provided by Prof A.E.G. Kr. von dem Borne, CLB]. A four-cell platelet
HPA-1a phenotyping assay.The assay was a two-plate modification panel with homozygous expression of the HPA-1, -2, -3, and -5
of antigen-capture design enzyme-linked immunosorbent assay (ELISA lloantigens was used in these investigations

assay® Briefly, a microtiter plate (Maxisorp; Nunc, Roskilde, Den- HLA-DRB3*0101 genotyping.The presence of the HLA-
mark) was precoated with goat antibodigs to mouse immunoglobuli_n C':DRBs*0101 allele was determined by PCR amplification of a 271-base
(Jackson Immunoresearch Inc, W Baltimore, PA), and after WaShmgbair fragment of the DRB3 gene from genomic DNA, followed by

incubated with a mouse monoclonal antibody (MoAb) to glycoprotein R ;i e
(GP) lib/llla (CD 41) [CLB-C17 culture supernatant; provided by Prof membrane hybridization with a DRB3*0101 allele-specific digoxigenin-
' labeled oligonucleotide protFé.

A.E.G. Kr. von dem Borne, Central Laboratory of the Netherlands Red o . ) o
Cross Blood Transfusion Service, Amsterdam, The Netherlands (CLB)], Statistics. Fisher's exact test was used to analyz:e the associations
then washed again. Platelet-rich plasma from each sample to be typeftween HPA-1a alloimmunization and HLA-DRB3*0101 genotype,

(200 WL, not adjusted for platelet count), was added to a secondnd titer of anti-HPA-1a antibodies and cord blood platelet count, and
microtiter plate. After centrifugation and washing, the platelet pelletsto compare the frequency of severe thrombocytopes&d(< 10/L) in
were solubilized in 200 uL of 1% Nonidet P-40 in Tris-buffered saline at babies of HPA-1a alloimmunized and nonalloimmunized women. For
4°C for 1 hour, and 100 pL transferred to corresponding wells in thethe first two associations calculations were made of odds ratios with
initial plate. After incubation and washing, 100 pL of a 1:100 dilution of confidence intervals, and positive and negative predictive vafues:
human plasma containing a high titer IgG anti—-HPA-1a but no reactivity.05 was considered significant.
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|
Counselling, offer partner HPA-1
genotyping. Test for HLA and other HPA

antibodies. Test earlier samples for anti-HPA to
establish timing of alloimmunisation.

HPA-1a negative platelets and RBC from
HPA-1a negative donors available for baby
and mother respectively at delivery

— Cord platelet count (urgent if alloimmunised); —
if low confirm on venous sample

HPA-1a genotyping on cord sample.
= Cerebral ultrasound scan by day 7

Maternal check for anti-HPA-1a 10-14 days
post-delivery. ]

PIFT = platelet immunofluorescence test
RBC = red blood cells.

Fig1l. Flow chart of investigations.
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Table 1. Maternal Serology and Cord Blood Platelet Counts in 46 Table 1. Maternal Serology and Cord Blood Platelet Counts in 46
HPA-1a Alloimmunized Women HPA-1a Alloimmunized Women (Cont’d)
Earliest  Anti-HPA-1a HPA-1 Platelet Earliest  Anti-HPA-1a HPA-1 Platelet
Unique Antibody Titer in Genotype/ Count Unique Antibody Titer in Genotype/ Count
Study Positive Third Phenotype at Birth Study Positive Third Phenotype at Birth
Number Parity* Sample Trimester of Father (X109/L) Number Parity* Sample Trimester of Father (X109L)
Persistent Antenatal Antibodies With Severe Thrombocytopenia Antenatal Antibodies With HPA-1a-Negative Baby (n = 6)
(n = 10) 417 1+1 11 32 lalb 286
199# 0+1 17 4 lalb 222
274 4+0 7 32 lalb 37
230** 1+2 17 16 1blb 229
57 0+1 8 128 lalb 6
304 4+0 26 2 lalb 384
622 1+o 10 64 ND o 172 2+0 29 1 lalb 341
306t 2+1 16 128 ND 17 542 0+1 35 5 ND 285
479 2+0 17 64 lala 8
152% 0+1 16 64 ND Within each category, cases are listed according to timing of first
0+2 21 16 lalb 5 detectable antibody.
3478 0+0 26 64 lala 4 Abbreviations: ND, not determined; SA, spontaneous abortion; PN,
421 0+0 32 8 lala 2 postnatal.
LR|| 0+0 ND ND lala 14 *Parity: number of births after 24 weeks + number before 24 weeks.
SL|| 0+0 ND ND lala ND TAlso produced anti-HPA-5b antenatally.

FTwo pregnancies during the study period.

Persistent Antenatal Antibodies With Mild Thrombocytopenia (n = 10) Sintracerebral hemorrhage in utero

223 3+0 9 16 lalb 110 |INot originally typed as HPA-1a negative.
598 0+1 12 8 ND 60 )
639 140 12 ) 1a1b 107 [ Titre refers to postnatal sample.
60 1 + 4 14 1 1a1 117 #HLA-DRB3 *0101 negative.
* a‘a **New partner: previous child HPA-1a positive with severe thrombo-
424 1+0 17 1 lala 52 .
cytopenia.
620 0+0 17 2 lala 132
64 1+0 19 4 lala 94 . .
incomplete or no blood samples were available (40), or they
330 2+0 21 32 lala 97 ffered . . 8 d abroad (2 d
54 0+0 26 1 ND 118 suffered a miscarriage (8), moved abroad (2), or requeste

178 0+0 20 1 ND 140 removal from the study (2). Two further women were included,
who were not originally typed as HPA-1a negative, but who had

Persistent Antenatal Antibodies With Normal Platelet Counts (n = 7) affected children and who were shown on retesting to be

ziz 1:3 12 i 1:1;05 2?: HPA-la negative. The final study pgpulation thus comprised
322 140 16 22 1ala 197 387 women, of whom 55% were multiparous.
571 0+0 17 8 1ala 323 Maternal serology. HPA-1a antibodies were detected in 46
481 241 18 16 1a1b 192 women (12%), including 2 (SL and LR ) not originally typed as
431 0+0 37 2 lalb 491 HPA-1a negative (Table 1). Antibodies were first detected at or
607 0+0 37 4 ND 228 before 20 weeks in 27 pregnancies, between 21 and 32 weeks in
Transient Antenatal Antibodies (n = 6) eight, betwee.n {33 wgeks and term in three,. anq postnatally in
487 341 8 2 1alb ND seven. No primigravida had detectable antibodies to HPA-1a
614 1+0 8 2 1alb 267 before 17 weeks. Antibodies present before 20 weeks became
605 1+0 9 1 ND 133 undetectable until the postnatal period in six pregnancies
398 3+0 15 1 ND 261 (transient antibodies); antibody titers increased with time in five
206 2+1 16 1 ND 604 pregnancies, were stable in 12, and decreased in 10. Neither
420 0+1 20 1 ND 352 antibody titer nor fluctuations therein was a reliable predictor of
Postnatal Antibodies Only With HPA-1a—Positive Baby{ (n = 7) an HPA-la—positive fetus. None of the eight women who
42t 0+0 PN 1 lala ND suffered miscarriage had HPA-1a antibodies.
62 2+1 PN 8 ND 275 Risk factors for alloimmunization. The presence of antibod-
221 0+1 PN 2 lala 153 ies to HPA-1a was associated with HLA-DRB3*0101 (Table 2),
267 1+0 PN 4 lalb 274 with a positive predictive value of 35% and a negative
302 1+3 PN 4 lala SA 15/40 predictive value of 99.6%. The overall frequency of this allele
325 0+0 PN 1 ND 146 (31.9%) was as expected for a largely white population.
412 1+2 PN 4 lala 53
Table 2. Association of Maternal Antibodies to HPA-1a With the HLA
RESULTS DRB3*0101 Allele for the 385 Women in the Study Population
Study group. Of 25,379 consecutive blood specimens, 962 HLA DRE370101
(3.8%) could not be typed for HPA-1a because clotted blood  Antibodies to HPA-1a Positive Negative
samples were received. Of the remaining 24,417 women, 618 Positive 43 (35%) 1 (0.4%)*
(2.5%) were typed as HPA-1a negative, of whom 457 (74%) Negative 80 261
consented to join the study. Seventy-two women were subse- Total 123 262

quently excluded for various reasons: confirmatory HPA-1a odds ratio = 140 (95% confidence interval 19 to 1035).
testing by PIFT showed them to be HPA-la positive (20), *P<.00001 (Fisher's exact test).
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Eight out of 33 women (25.8%) with antenatal antibodies to
HPA-1a and an HPA-1a—positive infant were primigravidas. In
only 1 woman (USN 230) had neonatal alloimmune thrombocy-

2283

Table 4. Relation of Titer of Anti-HPA-1a at Different Stages of
Pregnancy to Cord Blood Platelet Count for Antenatally
Alloimmunized Women With HPA-1a-Positive Infants

topenia been diagnosed in her previous child. No other cases

reported affected infants, or unexplained ICH/IUT. Other women
may have been exposed to the HPA-1a antigen during previou

pregnancy (29), spontaneous or therapeutic abortion (15), or

blood transfusion (2), with some having more than one risk
factor. One woman (USN 487, parar3l) underwent amniocen-
tesis at 16 weeks, but antibodies to HPA-1a were present in th
first sample sent at 8 weeks.

Thrombocytopenia in infants of alloimmunized and appar-

o
Gestation Platelet Count
g (weeks) n (109/L) =1in32 <1in32 P
30-38 25 =50 2 15
<50 6* 2t .004
20-29 17 =50 3 8
e <50 5 1 .050
12-19 13 =50 4 5
<50 4 0 A1

ently nonalloimmunized womenOf 26 HPA-la—positive in-

Pvalues determined by Fisher’s exact test (two sided).

fants born to women with persistent antenatal antibodies to *Includes 1 infantwith ICH.

HPA-1a, 9 were severely thrombocytopenic (34.6%), including
1 (LR) not originally typed as HPA-1a negative (Table 3). Ten
infants were mildly thrombocytopenic (38.4%), and 7 had

normal platelet counts. Severe thrombocytopenia was nog,

TNo other platelet alloantibodies.

low titer antibodies. Similarly, severity did not clearly correlate
ith parity, with 11 of 17 mildly/unaffected and 5 of 10 severely

observed in association with transient or postnatal amibc’diesaffected cases being multiparous
although cord samples were not received from 1 infant in each Clinical outcome of alloimmu.nized pregnanciessorty-

category. Thrombocytopenia (39-14910°L) in cord samples
was found in 12 of 237 infants of HPA-1la—negative women in

whom no HPA-la antibodies were detected in the initial ;) ang 14 Caesarean sections (overall Caesarean rate, 36%)

MAIPA. Supplementary testing of sera from these 12 women
using both MAIPA with an alternative GPIlIb/llla capture

antibody (MoAb Y2.51) and the solid-phase GTl assay likewise
failed to detect HPA-la antibodies. All 12 women were
HLA-DRB3*0101 negative. In three cases, another risk factor

._four of the 47 alloimmunized pregnancies resulted in live births

at =36 weeks, with 19 spontaneous deliveries, 5 inductions of

among the 38 live births of babies to women with antenatal
antibodies.

Three pregnancies ended in loss of the baby, one at 15 weeks
(USN 302) and one as a neonatal death from immaturity after
Caesarean section at 25 weeks for severe pre-eclampsia (USN

for thrombocytopenia was present (one case eaph with aptibo 52, first pregnancy). The third, in a woman not originally typed
ies to HPA-5b, extreme prematurity and respiratory distress,g pa 14 negative (SL), resulted in intrauterine death at 29

syndrome in a set of twins, and a GPIIb/llla antibody reactive
with all panel cells). No other risk factors were identified in the

weeks due to hemorrhage from the cord after blood sampling
for investigation of unexplained fetal hydrops. The baby’s

remaining nine cases, but in all nine, the platelet count Wa%emoglobin was 6.1 g/dL, with no detectable red-cell alloanti-

normal on venous sampling by 1 week.

bodies, and, unexpectedly, the platelet count was G0°/L.

In 25 HPA-1a—positive infants tested, the cord blood platelet-l-he father was HPA-1a homozygous, and the titer of maternal

count was highly associated with the third trimester titer of
antibodies to HPA-1a in the MAIPA assay (Table 4). Atiter of 1

in 32 or greater had a positive-predictive value for severe

anti-HPA-1a was 1:128.
Only one of the remaining nine severely thrombocytopenic
infants of alloimmunized women showed evidence of major

thromboc_ytopen_ia of 75% and_ a _negative-predictive value themorrhage (infant of USN 347). This infant was delivered by
88%. An.tlb(.)dy titers taken earlier in the pregnancy were not aemergency Caesarean section at 37 weeks because of an
reliable indicator of severe thrombocytopenia. There was NObnormal heart trace during labor. Cerebral ultrasound scanning

clear relationship between antibody titer and parity. Although
six of eight women with high third trimester antibody titers
were multiparous, this was also true of 10 of 17 women with

Table 3. Cord Blood Platelet Counts for HPA-1la—-Positive Infants of
Alloimmunized Women and All Infants of Nonalloimmunized
Women and Normal Controls

Cord
Platelet

Alloimmunized

Count Persistent Transient Postnatal Nonallo- Normal
(10°L)  Antibodies Antibodies* Antibodiest immunized Controls
>150 7 4 3 237 200
50-150 10 1 2 10 0

<50 9t 0 0 28 0
Total 26 5 5 249 200

*In one case, cord platelet count was not determined.

tIn two cases, cord platelet count was not determined.

P = .00001 Severe thrombocytopenia in persistently alloimmu-
nized versus non-alloimmunized women (Fisher’s exact test).

8Platelet counts, 39 X 10%L and 41 X 109/L.

on postnatal day one showed a large left occipitoparietal
porencephalic cyst with encephalomalacia, consistent with
previous hemorrhage. The development of hydrocephalus in
this infant required a Rickman reservoir and, later, a ventriculo-
peritoneal shunt. He subsequently developed infantile spasms
controlled on Vigabatrin (Hoechst Marion Rousel Limited,
Uxbridge, UK), with peripheral hypertonia, delayed motor and
social development, and mild optic atrophy. The remaining
infants had petechiae and/or bruising but no other hemorrhage.
Cerebral scans of all other babies of mothers with persistent
antibodies to HPA-1a, including those with severe thrombocyto-
penia, as well as of 49 babies of nonalloimmunized DRB3*0101
positive women, were normal.

The stratified risk of HPA-1a alloimmunization and its
complications for different patient populations are shown in
Table 5.

Postnatal recovery. The recovery of platelet counts in
severely thrombocytopenic infants born to alloimmunized moth-
ers was variable. Two infants rapidly recovered without platelet
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Table 5. Stratified Risk (95% Confidence Interval) of HPA-1a Alloimmunization and its Complications in At-Risk Populations

Population (n)

HPA-1a NK Negative Negative Negative Negative Negative

HLA-DRB3*0101 NK NK Positive NK Positive Positive

Anti-HPA-1a NK NK NK Negative Positive at any time  Persistently positive

antenatally

Event 25,379 387 123 341 46 32

HPA-1a negativity 1:40 (36.7-42.8)

HPA-1a alloimmuni- 1:347* (282-451) 1:8.4 (6.9-12.1) 1:2.8(2.3-3.7)
zation

Thrombocytopenic 1:336* (250-509) 1:8.6% (6.5-12.7) 1:4.9(3.6-7.6) 1:21%f (13.4-46.3) 1:2.1(1.6-3.0) 1:1.8 (1.4-2.7)
infantt

Severe thrombocyto-  1:1100* (684-2910)  1:28% (18-73) 1:15(9.2-46.6) 1:125% (52.3-%)  1:5.5(3.4-14.7) 1:3.9 (2.4-9.6)
peniag

Fetal hemorrhage 1:15,400* (5240-%)  1:385 (130-) 1:123 (41.7-) 0 1:44 (15.0-0) 1:31 (10.6-0)

Abbreviation: NK, not known.
*Extrapolated from actual observations.
tCord platelet count =150 X 109/L.
fBased on 284 cord blood platelet counts.
§Cord platelet count, <50 X 109/L.

transfusion, with normal platelet counts by postnatal days 6 anén unselected white population. We observed only one case of
8, whereas a further three babies received a single infusion ddlloimmunization in a woman negative for this allele, as
HPA-la—negative donor platelets and recovered normal platelgireviously observed.Although the presence of the HLA-
counts after 2, 4, and 10 days. Multiple platelet transfusions anddDRB3*0101 allele increased the risk of alloimmunization in
intravenous immunoglobulin (Sandoglobulin 1 g/kg to 2 g/kg) HPA-la—negative women by a factor of 140, its positive-
were provided to the remaining three infants, whose platelepredictive value as a single marker was only 35%.
counts required 9, 47 (USN 421), and 82 (USN 347) days to Maternal parity was not highly predictive of alloimmuniza-
recover. The delay in recovery of platelet counts may relate tdion, with 25% of antibody-positive cases in primiparous
the presence of intracerebral hemorrhage in USN 347, but isvomen, in whom antibodies were detectable as early as 17
unexplained in USN 421. weeks, consistent with development of antigens of fetal plate-
lets?® and expression of th@3 integrin on syncytiotropho-
blast?” Previous pregnancy loss before 20 weeks of gestation
Our study has provided baseline data on the natural history oélso appeared to be an potentially immunizing event, with
HPA-1a alloimmunization in a cohort of 387 HPA-1a—negative detection of antibodies early in the next pregnancy in two cases.
pregnant women, equivalent to approximately 15,000 nonseSerial antibody titers showed considerable variation during the
lected pregnancies. In contrast to previous studies with avolution of the antibody response during the course of the
smaller sample size, this study is of sufficient size to providepregnancy, as previously obsenfdn some women, antibod-
statistically reliable data on the incidence of alloimmunization ies that were clearly present early in the pregnancy later became
and the effect of anti-HPA-1a antibody on the neonatal plateletindetectable (transient antibodies), only to emerge again clearly
count, unbiased by preselection of high-risk pregnancies. lin the postnatal period. The pattern of antibody response was
must be considered whether the 75% of HPA-la—negativenot a reliable predictor of fetal HPA-1a type.
women who enrolled for the study were in any way unrepresen- This is the first prospective study of sufficient size to be able
tative of the whole population. The predominantly white natureto estimate the risk to the fetus due to the presence of maternal
of the East Anglian population masks any small effect of ethnicHPA-1a alloantibodies, in which there has not been a previously
bias, with frequencies of HPA-la negativity and HLA- diagnosed sibling. Although the risk of severe disease in
DRB3*0101 positivity in the study population as expected for siblings of affected cases is highthe pathogenicity of HPA-1a
whites. The proportion of multiparous women in the study alloantibodies in an unselected population is highly variable.
population (55%) is as expected for this region (data from Rosidirst, 15% of babies born to HPA-la—negative women are
Maternity Hospital, Cambridge, UK). Finally, only 1 of the themselves HPA-1a negative, and thus unaffected. Second, even
study population reported a previously affected child. with persistent antenatal antibodies and an HPA-la—positive
Fetomaternal alloimmunization to HPA-1a was apparent infetus, a normal cord platelet count was observed in 7 of 26 cases
approximately 1 in 350 pregnancies, corresponding to 11.4% 0f35%), and a ‘safe’ platelet count (between 50-3600%/L30) in
HPA-la—negative women. This rate is higher than that observed further 10 (38%). Neither cord platelet count nor final
in most previous studies (098,1.4%2°and 6%°) but similarto  antibody titer could be reliably predicted by either parity or
that in another study of 45 HPA-1a—negative women (18%). timing of immunization, but we have observed for the first time
Although the association between HLA-DRB3*0101 positiv- a significant association between severe thrombocytopenia and
ity and HPA-1a alloimmunization has previously been observeda third trimester antibody titer of 1:32 or greater using the
in clinically apparent NAITPS the negative predictive value of MAIPA assay, with a positive-predictive value of 75%.
greater than 99% has helped to clarify its potential usefulness in Although two previous studies have not found antibody titer

DISCUSSION
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to be a predictor of disease sevefity2they lacked the power of no clinical significance. Screening will be of value only if a
of this larger series, whereas the second of these measured titdreatment plan can be implemented that prevents ICH and fetal
only in the postnatal period, and used an ELISAur findings  loss, with minimum harm to fetuses who may in any case be
are, however, consistent with previous data using the MAIPAunaffected by maternal antibodies. Had infants of all antenatally
technique, in which absorbance values (rather than titerymmunized mothers in this study been subjected to fetal blood
correlated with infant platelet coutt Conversely, we observed sampling, 23 of 33 infants would have been exposed unnecessar-
two infants with mild thrombocytopenia born to mothers with ily to the risks of the procedure, some perhaps more than once.
high-titer antibodies; this phenomenon occurs in hemolyticEven if women with transient antibodies and those with an
disease of the newborn, and is possibly attributable to materndaiPA-1la—negative fetus had been excluded, 17 of 27 samplings
IgG antibodies to paternal HLA class-Il antigens on fetal would have been unnecessary. Apart from the risks to the fetus,
monocytes3 We found neither transient nor postnatal antibod- the resource implications of such a strategy are considerable.
ies to be associated with severe thrombocytopenia, although ongntenatal cerebral scanning to look for early ICH has not been
case classified as mild (USN 412, platelets %210°/L) had evaluated as a means of preventing major bleeds. Postnatal
postnatal antibodies only. screening has been advocated, measuring cord blood platelet
Thrombocytopenia in infants of HPA-la—negative women counts in all neonate®,but this has been shown not to prevent
without detectable HPA-1a antibodies is well recognized, and isall cases of ICH# Although the laboratory costs of postnatal
generally assumed to be due to failure of antibody detection. Wescreening are less than antenatal testintis strategy may
found mild thrombocytopenia in 13 infants (including 1 set of cease to be cost-effective if the lifetime care costs of missed
twins) of 249 HPA-1a—negative mothers (4.8%). Four of theselCH cases are taken into account. Other problems with neonatal
12 infants had other potential causes, including alloantibodiescreening include potential nonavailability out of hours, and the
to HPA-5 and antibodies to GPlIb/llla. Extra efforts were observation that as many as 7% of cord samples are unsuitable
made to detect HPA-1a antibodies in these women, using twdor counting'* The additional clinical benefit of detecting
additional antibody detection assays, but both assays gavéarombocytopenia due to maternal autoantibo@iemmains to
negative results in all 12 cases. A point of note is that all 12be quantified.
women were HLA-DRB3*0101 negative. This HLA distribu-  As yet, the best strategy for antenatal management of
tion must cast some doubt on whether these cases were due &aloimmunized cases is unclear. Of the options for antenatal
HPA-1a antibodies, because the importance of binding betweetherapy, intravenous immunoglobulin is of unpredictable effi-
B3-derived peptides and HLA-DRB3*0101 molecules in the cacy, whereas intrauterine platelet transfusion is associated with
immune response to HPA-1a has now been sh#whis of a small but finite risk of fetal loss, mainly due to cord
interest that we saw no antibody-negative thrombocytopenichhemorrhage (0.6% in one study Noninvasive management
cases in infants of HLA-DRB3*0101—positive women, as might exposes fetuses to the risk of intruterine ICH or death. The
have been expected. However, our observations do not excludenowledge that HPA-1a antibodies are present may also in-
the possibility that in the eight unexplained cases, alloimmuni-crease the incidence of Caesarean section (36% in this study
zation to other as yet unidentified platelet alloantigens play arom a baseline value of 15%). This has unproven benefit to the
role. A further possibility is spurious thrombocytopenia from fetus and carries its own risks, albeit low, to the mother. Thus
cord sampling, as the 200 normal controls came, for unavoidpreselection of high-risk cases for fetal blood sampling remains
able logistical reasons, from venous samples. in our view the ideal option. Our data on the predictive value of
There was one fatality most likely due to HPA-1a alloimmu- antibody titer offer the possibility of avoiding fetal sampling in
nization in our study (patient SL), after diagnostic fetal blood the two-thirds of alloimmunized pregnancies with a safe platelet
sampling for hydrops fetalis. In this case, the severe fetaount. The exact role of the inhibitory effects of HPA-la
thrombocytopenia was unexpected, so platelets were not madentibodies on platelet progenitors in cultfeand on the
available during the procedure. Another infant (of 38-weeksbinding of ligands to GPIIb/llla in the clinical manifestations of
gestation) sustained an antenatal intracerebral hemorrhad@AlITP remain to be elucidated.
(ICH). No additional cases of intracerebral hemorrhage were The technical aspects of NAITP screening require further
observed postnatally, but the preventive role of altered obstetricefinement, as shown by the initial mistyping of two cases. This
management (lower threshold for Caesarean section) combingshenomenon did not impact on the overall frequency of HPA-1a
with early postnatal platelet transfusion therapy cannot benegativity, which was identical to that of a smaller UK study
excluded. There were no obvious predictors of intracerebralising a different typing assa¥.It is acceptable for screening
hemorrhage in the affected child, the third trimester antibodyassays to have a false-positivity rate, provided that a confirma-
titer being 1 in 64, as in four other infants without ICH. tory test is available. This could be applied to HPA-1a typing,
Antenatal screening for platelet-specific alloantibodies is notwith the cut off set sufficiently high to prevent any HPA-1la—
a standard of care for women with no previous history of negative cases from being missed, and rapid confirmation of
NAITP. Several observations from this study will help in apparent negatives by an alternative assay. However, this is less
evaluating different strategies for cost-effectiveness and patierthan ideal, as is the need to prepare platelet rich plasma before
acceptability. For example, HLADRB3*0101 genotyping could typing, which reduces scope for automation and positive sample
be used to exclude low-risk women from further antibody identification. The availability of a whole-blood typing assay
screening, thus reducing both unnecessary testing and parenfar HPA-12° and a human monoclonal variable domain anti-
anxiety. Antibodies detected before 20 weeks require confirmabody fragment specific for HPA-#amay facilitate large-scale
tion with a later specimen, because early transient antibodies argcreening programs. As was the case with Rhesus D typing in
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antenatal screening programs, it is envisaged that the reliabilityroup: Screening primiparous women and newborns for fetal/neonatal

of typing will improve once monoclonal reagents are intro- alloimmune thrombocytopenia: A prospective comparison of effective-
duced. ness and costs. Am J Perinatology 13:423, 1996
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large to ensure that any true impact on long-term outcome caﬁtUdy' Br J Haematol 90:321, 1995
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