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Abstract
BACKGROUND—Recent studies suggest that HPA-1a–specific, low-avidity maternal antibodies
not detectable by conventional methods can cause neonatal alloimmune thrombocytopenia
(NAIT). We performed studies to further define the incidence and clinical significance of this type
of antibody.

STUDY DESIGN AND METHODS—Surface plasmon resonance analysis was used to detect
low-avidity antibodies in HPA-1a–negative, “antibody-negative” mothers of suspected NAIT
cases. The ability of antibodies detected to promote immune destruction of human platelets (PLTs)
was examined in a newly developed NOD/SCID mouse model.

RESULTS—Among 3478 suspected cases of NAIT, 677 HPA-1a–negative mothers were
identified. HPA-1a–specific antibodies were detected by conventional antibody testing in 616
cases (91%). Low-avidity HPA-1a–specific antibodies were identified in 18 of the remaining 61
cases (9%). Clinical follow-up on 13 cases showed that eight were referred because of suspected
NAIT and five because the mother’s sister had previously had an infant with NAIT. Only six
infants born to the 13 sensitized mothers had clinically significant thrombocytopenia at birth.
Three of four low-avidity antibodies tested in the mouse caused accelerated clearance of HPA-1a/a
but not HPA-1b/b PLTs. Only 3 of 12 mothers with low-avidity HPA-1a antibodies were positive
for HLA-DRB3*0101.

CONCLUSIONS—The findings confirm previous reports that low-avidity HPA-1a antibodies
can cause NAIT but show that the presence of such an antibody does not predict that an infant will
be affected. The low incidence of HLA-DRB3*0101 in this cohort (p < 0.0001) suggests that
women negative for DRB3*0101 may be predisposed to produce low-avidity HPA-1a antibodies.

Neonatal alloimmune thrombocytopenia (NAIT), caused by maternal immunization against
platelet (PLT)-specific antigens inherited by a fetus from its father, occurs once in
approximately 1000 births.1–3 Although many cases are mild, approximately half of the
affected infants have bleeding symptoms and up to 10% experience intracranial
hemorrhage.4,5 The first human PLT antigen (HPA) shown to be capable of triggering
maternal antibodies and causing NAIT was HPA-1a (originally called PlA1) described by
Shulman and colleagues in 1962.6 Since that time, at least 27 different HPA antigens have
been implicated in NAIT.7–14 However, fetal–maternal incompatibility for HPA-1a
continues to be the most common cause of this disorder, even though only approximately
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2% of women of Northern European and African American descent are HPA-1a negative
and are at risk of producing HPA-1a antibodies. Using flow cytometry and solid-phase
assays, it is now possible to detect HPA-1a antibodies with high sensitivity and
specificity.8,15,16 However, infants thought to have NAIT are sometimes born to HPA-1a–
negative mothers who lack detectable HPA-1a antibodies.17 Socher and coworkers, in
2009,18 described two such cases and, using surface plasmon resonance (SPR) analysis,
obtained evidence that low-avidity maternal HPA-1a antibodies not detectable in
conventional serologic assays can be the cause of fetal PLT destruction in such instances.
More recently, Bakchoul and colleagues19 described seven similar cases in which low-
avidity HPA-1a antibodies appear to have caused NAIT. It is important that the prevalence
of low-avidity HPA-1a antibodies in pregnancy and their role in NAIT be defined as fully as
possible to optimize management of thrombocytopenic infants born to HPA-1a–negative,
antibody-negative mothers. Here, we describe findings made in a cohort of “seronegative”
HPA-1a–negative mothers referred for study because they gave birth to an infant with a
clinical picture typical of NAIT or were carrying an infant thought to be at risk for
thrombocytopenia.

MATERIALS AND METHODS
Patients

Blood samples from parents of infants suspected of having NAIT and, in some cases, buccal
swab DNA samples, were referred to the Platelet and Neutrophil Immunology Laboratory of
the BloodCenter of Wisconsin for diagnostic testing. Clinical histories were obtained by
verbal and written communication with attending physicians.

Serologic studies
Maternal serum samples from suspected NAIT cases submitted to the Platelet and
Neutrophil Immunology Laboratory were tested for PLT-reactive and glycoprotein-specific
antibodies as previously described8 using flow cytometric analysis and/or modified capture
enzyme-linked immunosorbent assay (ELISA).15,16,20

PLT alloantigen typing
PLT genotyping for antigens of the HPA-1-6, HPA-9, and HPA-15 systems was carried out
by the Molecular Diagnostic Laboratory of BloodCenter of Wisconsin with in-house allelic
discrimination assays using fluorescently labeled detection probes.21

Detection of HPA-1a–specific antibodies using SPR analysis
SPR was performed using an SPR instrument (Biacore 3000, GE Healthcare, Piscataway,
NJ).18 HPA-1a/a and HPA-1b/b GPIIb/IIIa was isolated from PLTs of group O donors using
concanavalin A–Sepharose (Sigma-Aldrich, St Louis, MO)22 and immunoaffinity
chromatography with the complex-specific monoclonal antibody (MoAb) AP223 followed
by elution at neutral pH with elution buffer (Gentle AG/AB, Thermo Scientific Pierce
Protein Research Products, Rockford, IL) and was provided by Gen-Probe GTI Diagnostics,
Inc. (Waukesha, WI). Approximately 7000 resonance units of purified HPA-1a/a or
HPA-1b/b GPIIb/IIIa in 10 mmol/L sodium acetate, pH 4.0, was immobilized via
carboxymethylated dextran on Biacore CM5 chips using a primary amine coupling kit (GE
Healthcare, Pittsburgh, PA). Human immunoglobulin (Ig)G fractions were isolated from
serum using two sequential purifications with an IgG purification kit (Melon Gel, Thermo
Scientific, Rockford, IL). Purified IgG was dialyzed against buffer containing 10 mmol/L
phosphate buffer, 2.7 mmol/L potassium chloride, and 140 mmol/L sodium chloride, pH 7.4.
The purified IgG was diluted 1:8 in running buffer and was injected for 150 seconds at a
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flow rate of 5 μL/min followed by 150 seconds of running buffer (phosphate-buffered saline
[PBS]) to allow for antibody dissociation. Antigen was regenerated with two 30-second
pulses of 200 mmol/L sodium carbonate. Each surface was stable for more than 100
injection-regeneration cycles. Binding assays were performed at least four times with each
sample. The net SPR signal was obtained by computer-assisted subtraction of the signal
obtained with HPA-1b/b GPIIb/IIIa from that obtained with HPA-1a/a GPIIb/IIIa.

Measurement of immune clearance of human PLTs in NOD/SCID mice
Studies were carried out as described previously24 with several modifications. Briefly, a
200-μL suspension containing 4 × 108 human PLTs from a healthy HPA-1a/a or HPA-1b/b
group O donor was infused into the retroorbital cavity of an anesthetized 6- to 8-week-old
NOD/SCID mouse (The Jackson Laboratory, Bar Harbor, ME). After 30 minutes, a tail
blood sample was collected to determine the baseline level of circulating human PLTs (Time
0). Human IgG isolated from 200 μL of serum as described above for the SPR studies was
then injected into the other retroorbital plexus. Circulating PLTs were processed from 10 to
20 μL of tail vein blood at 5 and 24 hours after injection of human IgG and the content of
human PLTs relative to total PLTs was determined by flow cytometry using the GPIIb/IIIa-
specific MoAb AP2 labeled with the fluorochrome AlexaFluor 488.25

Approvals
Studies involving human subjects and animals were approved by the institutional review
board of the Blood-Center of Wisconsin and the Institutional Animal Care and Use
Committee of the Medical College of Wisconsin, respectively.

RESULTS
Case selection

In a cohort of 3478 cases referred for NAIT evaluation, 677 families were identified in
which the mother was HPA-1a negative (HPA-1b/1b) and the father possessed at least one
HPA-1a allele (19% of referred NAIT cases) (Fig. 1). HPA-1a–specific antibodies were
detected in sera from 616 (91%) of these mothers using conventional serologic methods,
including flow cytometry and modified capture ELISA. In 61 cases (9%), maternal HPA-1a
antibodies were not detected. Further studies were performed on maternal serum from these
cases.

Standardization of the SPR assay
IgG isolated from sera that contained HPA-1a–specific antibodies readily detectable by
standard serologic methods was perfused over Biacore chips to which HPA-1a–positive and
HPA-1a–negative GPIIb/IIIa had been immobilized and sensorgrams were generated. As
shown in Fig. 2, these antibodies preferentially recognized the HPA-1a–positive target and
produced a signal that increased rapidly (a consequence of antibody binding) and then tailed
off slowly when the antibody-containing perfusate was replaced by buffer. To compare the
sensitivity of SPR and standard serology for antibody detection, serial dilutions of an
HPA-1a antibody from an NAIT case (Fig. 2A) were tested against HPA-1a/1a and HPA-1b/
1b targets using flow cytometry and SPR analysis. The maximum dilutions of antibody that
could be detected using SPR and flow cytometry were 1:1000 and 1:200, respectively,
indicating that SPR was approximately five times more sensitive than flow cytometry for
detection of this particular antibody (data not shown).
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SPR analysis of serum from antibody-negative, HPA-1a–negative mothers
Sensorgrams were generated using IgG from the 61 HPA-1a–negative mothers who were
antibody negative by conventional serology and IgG from 30 normal subjects. As shown in
Fig. 3, serum from 18 mothers produced a maximum signal against HPA-1a/1a GPIIb/IIIa
that exceeded the mean value obtained with IgG from 30 normal donors by more than 2 SD.
Representative sensor-grams are shown in Fig. 4, where it can be seen that the on rates for
binding of the maternal antibodies (a function of the concentrations of antibody and target
antigen) were comparable to those obtained with serologically detectable HPA-1a antibodies
shown in Fig. 2. However, the off rates for the maternal antibodies (a function of antibody
avidity) were much more rapid, dissociation being almost complete in most cases within 200
seconds of beginning the perfusion with buffer.

Clinical characteristics of NAIT cases associated with low-avidity maternal HPA-1a
antibodies

Clinical information characterizing 13 of the 18 NAIT cases in which low-avidity maternal
HPA-1a antibodies were detected was obtained from available files and by telephone and
written communications with referring physicians. Because of the time delay between
referral of samples for serologic testing and testing by SPR analysis, it was not possible to
obtain clinical follow-up on five cases. The clinical review showed that 8 of the 13 cases
(Group 1, Cases 1–8) had been referred because an infant was born with thrombocytopenia
(six cases) or was felt to be at risk for thrombocytopenia because a sibling born previously
had experienced NAIT (two cases). The five remaining cases (Group 2, Cases 9–13) had
been referred for testing because the mother was pregnant and had a sister who had
previously given birth to an infant diagnosed with NAIT. Clinical findings in Group 1
(Cases 1–8) are summarized in Table 1. One infant (Case 6) had a normal PLT count at
birth. In this case, a maternal blood sample was tested at 6 months’ gestation because a
previous infant by a different father had severe thrombocytopenia and intracranial
hemorrhage at birth. Postnatal typing showed that the infant’s PLT type was HPA-1b/b and
it was therefore not at risk for NAIT. A second infant (Case 1) was born with a PLT count of
141 × 109/L. Testing in this case was done at 5 months’ gestation because a previous infant
had experienced severe thrombocytopenia and bleeding at birth. The mother was given
intravenous (IV) immunoglobulin throughout the second pregnancy. The remaining six
infants had postnatal PLT count nadirs ranging from 8 × 109 to 61 × 109/L (mean, 32 × 109/
L; median, 33 × 109/L). Five infants had petechial hemorrhages in the skin and/or mucous
membranes but none had bleeding from other sites. Two infants (Cases 2 and 8) were given
maternal PLT transfusions, which produced satisfactory elevations in PLT levels. One infant
(Case 3) was given random-donor PLTs, which failed to produce satisfactory PLT
increments. This infant was then treated with IVIG and subsequently recovered. Case 5 had
both thrombocytopenia and hemolysis caused by D sensitization and was treated with
exchange transfusion. In Cases 2, 4, 5, and 7, time to achieve a stable PLT count of at least
100 × 109/L ranged from 4 to 10 days. Case 8 was given weekly transfusions of maternal
PLTs, which produced satisfactory PLT increments. However, thrombocytopenia recurred
repeatedly until PLTs finally stabilized in the normal range at approximately 10 weeks of
age.

As noted, the Group 2 cases were studied about midpregnancy because an HPA-1a–negative
sister had previously given birth to an infant with NAIT. Findings made in this group are
summarized in Table 2. Four infants had a normal PLT count at birth. The fifth infant (Case
12) had a PLT level of 125 × 109/L and achieved a normal PLT count in 3 days without
specific treatment. The mother had been given IVIG throughout the pregnancy because the
fetus had been typed as HPA-1a/b.

Peterson et al. Page 4

Transfusion. Author manuscript; available in PMC 2013 September 30.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Optimization of the NOD/SCID mouse model for study of low-avidity HPA-1a antibodies
To determine whether low-avidity antibodies detectable only by SPR are capable of
destroying human PLTs in vivo, we used a NOD/SCID mouse model.24,25 Because this
mouse strain lacks xenoantibodies that ordinarily cause rapid destruction of transfused blood
cells from other species, transfused human PLTs survive normally in its circulation for at
least 24 hours,24,25 during which time destruction of HPA-1a PLTs by anti-HPA-1a25 and
by drug-dependent human antibodies24 can be demonstrated. High-titer human antibodies
promote rapid PLT clearance in this model when injected by the intraperitoneal (IP) route.25

However, we were concerned that IP injection might be suboptimal for the study of PLT
destruction mediated by low-avidity antibodies because the requirement for antibody to
diffuse from the peritoneum into the blood would significantly reduce contact between the
injected antibody and circulating PLTs. To examine this issue, we performed a preliminary
study in which we compared the ability of a “conventional” HPA-1a antibody from an NAIT
case to promote clearance of HPA-1a/a–positive PLTs when injected by the IP and IV
routes. As shown in Fig. 5, when antibody (diluted 1/50) was injected IP, clearance of
HPA-1a PLTs at 24 hours was not different from that of HPA-1a–negative PLTs. When the
same amount of antibody was injected IV, however, PLT clearance was readily
demonstrated at 24 hours. Approximately the same rate of clearance was seen when five
times this amount of antibody was injected IP, suggesting that IV infusion is approximately
five times as effective as IP injection in promoting PLT destruction.

Low-avidity HPA-1a antibodies from three of four mothers tested caused accelerated
clearance of HPA-1a–positive but not HPA-1a–negative PLTs in the NOD/SCID mouse

On the basis of these findings, IV infusion was used to investigate the ability of low-avidity
HPA-1a antibodies to promote destruction of HPA-1a–positive PLTs. The relatively large
volume of serum required for the combined SPR and mouse studies limited the number of
patients that could be studied in this way. A further limitation was that five maternal
samples (Cases 1, 3, 4, 7, and 11) could not be used in mouse studies because they contained
Class I HLA antibodies that could have affected survival of both HPA-1a–positive and -
negative PLTs. Because of these limitations, we were able to study only four maternal
samples in the mouse (Cases 9, 10, and 12, Table 2; and Case 14, Fig. 3) diagnosed as NAIT
but not included in Table 1 because detailed clinical information could not be obtained. As
shown in Fig. 6, maternal IgG from Cases 9, 12, and 14 caused accelerated clearance of
HPA-1a–positive, but not HPA-1a–negative PLTs, a difference that was significant at 24
hours, but not at 5 hours. In contrast, maternal IgG from Case 10 had no effect on clearance
of HPA-1a–positive or HPA-1a–negative PLTs.

IV infusion was superior to intraperitoneal injection for demonstrating the ability of low-
avidity HPA-1a antibodies to promote HPA-1a–positive PLT clearance in the mouse

Findings shown in Fig. 5 show that a conventional HPA-1a antibody cleared PLTs more
effectively when given IV than when given IP. To determine whether this is also true of
low-avidity antibodies, we performed a separate study using IgG from the mother of Case 9,
which had been obtained postnatally in relatively large quantity and, like the prenatal
sample, lacked HPA-1a antibody detectable by standard serology. As shown in Fig. 7, at
both 5 and 24 hours, PLT clearance was significantly more rapid when antibody was given
IV than when an equal quantity was injected IP.

DISCUSSION
Our studies identified six infants (Cases 2–5, 7, and 8 in Table 1) who had severe or
moderately severe neonatal thrombocytopenia when born to HPA-1a–negative women
whose serum contained low-avidity antibodies reacting preferentially with HPA-1a–positive
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GPIIb/IIIa using SPR for antibody detection. Another infant (Case 1), whose mother had
been given IVIG throughout pregnancy, had a slightly low PLT count (141 × 109/L) at birth.
None of the infants had any other condition that might have affected PLT levels except for
Case 5 in which hemolysis due to D incompatibility was present, necessitating an exchange
transfusion. Five of the six thrombocytopenic infants had petechial hemorrhages in the skin
and mucosal surfaces but none experienced bleeding from other sites. All but one of the
more severely affected infants achieved a stable PLT count within 4 to 10 days of birth. The
sixth (Case 8) is of particular interest because this infant had the lowest PLT count at birth
(8 × 109/L) and remained thrombocytopenic for about 10 weeks except when PLT levels
were elevated after transfusion of maternal PLTs. While not unprecedented, this is an
exceptionally long recovery time, even for an infant born to a mother with a conventional
HPA-1a antibody. We are aware of instances in which prolonged thrombocytopenia proved
to be a consequence of failure to wash maternal PLTs sufficiently well to remove all
maternal antibody but it was not possible to determine whether this might have explained
the persistence of thrombocytopenia in Case 8. Together, these findings are consistent with
the possibility that severe to moderately severe neonatal thrombocytopenia in six infants
(Cases 2–5, 7, and 8) was caused by low-avidity antibodies specific for HPA-1a and that
thrombocytopenia may have been ameliorated in a seventh case (Case 1) by prenatal IVIG
treatment.

We were surprised to learn that five of the 13 cases in which follow-up information was
obtained were referred for testing in midpregnancy because an HPA-1a–negative sister had
previously given birth to an infant with NAIT. Each of the infants was HPA-1a–positive and
was therefore at risk to experience NAIT. As shown in Table 2, four of the infants were born
with a normal PLT count and the fifth (Case 12), whose mother had been given IVIG during
the last 3 months of pregnancy, had only mild thrombocytopenia (125 × 109/L). It is
apparent from Fig. 3 that maternal antibodies in these cases (Cases 9–13) were at least as
potent (as judged from the SPR signals) as those from mothers whose infants were born with
thrombocytopenia.

It was possible to test the ability of low-avidity HPA-1a–specific antibodies to promote
destruction of HPA-1a–positive PLTs in the NOD/SCID mouse with only four maternal
samples (Cases 9, 10, 12, and 14) because insufficient sample was available or because
maternal Class I HLA antibodies were present. As shown in Fig. 6, antibodies from Cases 9,
12, and 14 caused accelerated clearance of HPA-1a–positive, but not HPA-1a–negative,
PLTs at 24 hours but the antibody from Case 10 did not. Maternal samples from Cases 9, 10,
and 12 were obtained in midpregnancy for testing because a sister had given birth to an
infant with NAIT. In Case 10, no prenatal treatment was given and the infant was born with
a normal PLT count. In Cases 9 and 12, IVIG was administered during the last 4 months of
pregnancy. The Case 9 infant had a normal count at birth and the Case 12 infant was slightly
thrombocytopenic (PLT count, 125 × 109/L). Case 14 was one of those in which it was not
possible to obtain clinical information. It can be speculated that the infants from Cases 9 and
12 might have had more severe thrombocytopenia had IVIG not been given, in which case
the findings are consistent with the possibility there would be a potential correlation between
detection of an antibody in SPR and the likelihood of NAIT. Further studies to test this
possibility will be of interest but comparisons of this type have the obvious limitation that
the quantity and quality of antibody present in a maternal IgG sample will not necessarily
reflect the antibody status of the fetus.

Maternal typing for the Class II HLA antigen DRB3*0101 (formerly designated DR52a)
was performed in 12 of the 13 cases in which clinical information was obtained. Only three
mothers (25%) were DRB3*0101 positive, about the incidence expected in the general
population (33%). Absence of an association between DRB3*0101 and sensitization to
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HPA-1a is surprising because previous studies of women who produced serologically
detectable HPA-1a antibodies have shown that more than 90% are positive for
DRB3*0101.1,2,26,27 Women positive for DRB3*0101 are more than 100 times more likely
than women who lack it to produce a serologically detectable HPA-1a antibody in response
to immunization during pregnancy,28 a difference that appears to be accounted for by the
high affinity of the DR3*0101 antigen for a peptide generated from integrin-β3 of HPA-1a–
positive individuals by intracellular processing.28,29 As shown in Table 3, the lower
incidence of DRB3*0101 in mothers who formed low-avidity HPA-1a antibodies was
significant compared to the reported incidence of this antigen in women who produce
antibodies that can be detected by standard antibody assays. The findings suggest that
women lacking DRB3*0101 who are incompatible with their fetus for HPA-1a may be
predisposed to produce low-avidity antibodies against this antigen.

Our findings support the recent reports by Socher and colleagues18 and Bakchoul and
colleagues19 that low-avidity HPA-1a antibodies can cause fetal PLT destruction leading to
NAIT and that the pathogenicity of such antibodies can be demonstrated in the NOD/SCID
mouse model.19 Findings made in Cases 9 to 13 of our study and in the NOD/SCID mouse
suggest, however, that not all low-avidity HPA-1a antibodies are capable of causing
neonatal thrombocytopenia and raise the possibility that production of low-avidity HPA-1a
antibodies by at-risk women carrying an HPA-1a–positive fetus may be a relatively common
occurrence.

Although recognition of low-avidity antibodies specific for PLT glycoproteins is a new
development, low-avidity antibodies specific for red blood cells (RBCs), referred to in some
contexts as “high-titer low-avidity” antibodies30,31 have been recognized by RBC
serologists for many years as IgG immunoglobulins that react weakly with RBCs of most
persons, sometimes at very high dilutions. Specificity of these antibodies is often difficult to
determine, but some appear to recognize well-defined, alloantigens such as York, Chido,
McCoy, JMH, Holley, and others.30,31 In general, it is thought that high-titer low-avidity
antibodies reactive with RBCs rarely cause destruction of incompatible RBCs31,32 and that
their main significance is that they can complicate procurement of compatible blood for
patients requiring transfusions. It seems possible that low-avidity antibodies reactive with
RBCs usually fail to cause hemolysis because the huge mass of RBCs in the circulation
prevents low-avidity immunoglobulins from accumulating on the cell surface at a density
above the threshold needed for RBC clearance. With PLTs, which have a total mass about
1/300 that of RBCs, this could be a less significant limitation, allowing some low-avidity
antibodies that are efficiently transferred across the placenta to cause fetal PLT destruction.
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Fig. 1.
Cohorts of maternal–paternal pairs referred because of suspicion of NAIT. Sixty-one
HPA-1a–negative mothers had no HPA-1a antibodies detected in conventional assays.
Serum from these individuals was subjected to SPR analysis.
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Fig. 2.
Typical SPR sensorgrams obtained with HPA-1a antibodies detectable by standard serology.
Purified IgG diluted 1:8 in PBS was injected at a flow rate of 5 μL/min over HPA-1a/a and
HPA-1b/b GPIIb/IIIa. The SPR signal obtained with HPA-1–negative GPIIb/IIIa was
subtracted from that obtained with HPA-1a–positive GPIIb/IIIa to obtain net SPR values.
(A) Pattern obtained with serum from the mother of an infant with NAIT. (B) Pattern
obtained with serum from a patient with post-transfusion purpura. Gray tracing is signal
obtained with serum from a normal individual.
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Fig. 3.
Serum from 18 HPA-1a–negative, “antibody-negative” mothers reacted preferentially
against HPA-1a–positive GPIIb/IIIa when tested by SPR. Values shown on the abscissa
indicate the ratio of SPR signals obtained with patient IgG at 150 seconds postinjection to
the mean signal obtained with serum from 30 healthy individuals. Area shaded gray
indicates range of values obtained with normal sera ±2 SD.

Peterson et al. Page 12

Transfusion. Author manuscript; available in PMC 2013 September 30.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 4.
Representative sensorgrams obtained with low-avidity HPA-1a–specific maternal
antibodies. Tracings shown are net of the signal obtained against HPA-1a/a GPIIb/IIIa. Gray
tracing indicates sensorgram obtained with normal serum.
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Fig. 5.
A conventional HPA-1a antibody clears PLTs more efficiently when injected IV than when
given IP. Human PLTs were transfused to NOD/SCID mice followed by IV or IP injection
of a conventional HPA-1a antibody. At 24 hours, PLT survival was shortened when
antibody diluted 1/50 was given IV but not when the same quantity of antibody was given IP
(p < 0.01). Five times as much antibody (1/10) given IP caused PLT clearance comparable
to a smaller amount (1/50) given IV. Values shown are average of multiple determinations
±1.0 SD. Shaded gray area depicts range of PLT survival at 24 hours after injection of
normal serum (mean ± 2.0 SD).
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Fig. 6.
Low-avidity HPA-1a antibodies from three mothers promoted clearance of HPA-1a/a (——)
but not HPA-1b/b (······) PLTs. At 24 hours, survival of HPA-1a/a PLTs but not HPA-1b/b
PLTs was significantly shortened after infusion of IgG from mothers of Cases 9, 12, and 14
but was unaffected by IgG from the mother of Case 10. Values shown are mean of multiple
determinations ±1.0 SD. Shaded gray area depicts range of PLT survival at 24 hours after
injection of normal serum. ***p < 0.001, *p < 0.05.
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Fig. 7.
Low-avidity IgG from Case 9 promoted clearance of HPA-1a/a PLTs more effectively when
given IV (——) than when injected IP (----). Shaded gray area depicts range of PLT survival
at 24 hours after injection of normal serum (mean ± 2.0 SD).
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TABLE 3

Percentage of DRB3*0101-positive women who generate conventionally detectable maternal HPA-1a
antibodies is significantly different from those who generate low-avidity antibodies

Reference Country DRB3*0101 positive Total % positive

L’Abbe27 Canada 32 35 91.4*

Braud26 France 52 52 100*

Williamson1 England 43 44 97.7*

Kjeldsen-Kragh2 Norway 180 198 90.1*

Current study United States 3 12 25

*
p value < 0.0001 calculated with exact Fisher’s test.
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