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a  b  s  t  r  a  c  t

In  this  comparative  cross-sectional  study,  possible  associations  between  maternal  anti-HLA  class  I anti-
bodies  and  birth  weight  in neonatal  thrombocytopenia  are  explored.  Although  commonly  detected  in
pregnancies  and  generally  regarded  as  harmless,  it has  been  suggested  that  such  antibodies  might  be
associated  with  fetal and  neonatal  alloimmune  thrombocytopenia  (FNAIT).  As a  link  between  FNAIT  due
to human  platelet  antigen  1a-specific  antibodies  and  reduced  birth  weight  in boys  has  previously  been
demonstrated,  we wanted  to explore  whether  maternal  anti-HLA  class  I antibodies  might  also  affect
birth  weight.  To  examine  this,  suspected  cases  of  FNAIT referred  to the  Norwegian  National  Unit  for
Platelet  Immunology  during  the  period  1998–2009  were  identified.  Pregnancies  where  the  only  finding
was  maternal  anti-HLA  class  I  antibodies  were  included.  An unselected  group  of  pregnant  women  par-
ticipating  in  a prospective  study  investigating  maternal–fetal  hemodynamics  at  the  University  Hospital
North  Norway  during  the  years  2006–2010  served  as  controls.  Twenty-nine  percent  of  controls  had  anti-
HLA  class  I antibodies.  The  thrombocytopenic  neonates  had  a significantly  lower  adjusted  birth  weight
(linear  regression,  P = 0.036)  and significantly  higher  odds  of  being  small  for  gestational  age (OR  =  6.72,
P  <  0.001)  compared  with  controls.  Increasing  anti-HLA  class  I antibody  levels  in the  mother  were  signifi-
cantly  associated  with lower  birth  weight  and  placental  weight  among  thrombocytopenic  neonates,  but
not among  controls.  These  results  indicate  that maternal  anti-HLA  class  I antibodies  in thrombocytopenic
neonates  are  associated  with  reduced  fetal  growth.  Further  studies  are  needed  to  test  if placental  function
is  affected.

©  2015  Elsevier  Ireland  Ltd.  All  rights  reserved.

1. Introduction

How a semi-allogenic fetus manages to survive pregnancy is
still quite an enigma. It is, however, clear that the maternal immune
system recognizes and responds to fetal antigens (Arck and Hecher,
2013).

The human leukocyte antigen class I (HLA class I) antigens are
present on all nucleated cells and platelets in the human body. The
genes that encode HLA class I antigens are the most polymorphic
in the human genome. Exposure to incompatible HLA antigens can
activate the host immune system and lead to the production of
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alloantibodies. It is well known that anti-HLA class I antibodies can
have severe clinical consequences, such as the rejection of allografts
(Lee et al., 2002; Zhang et al., 2005) or the destruction of transfused
platelets (Novotny, 1999).

Maternal anti-HLA class I antibodies are commonly detected
during pregnancy (approximately 30% of pregnant women) (Morin-
Papunen et al., 1984; Regan et al., 1991; King et al., 1996; Masson
et al., 2013). In the context of pregnancy, these antibodies are gen-
erally considered harmless. Reports have described an association
between maternal anti-HLA class I antibodies and recurrent miscar-
riage (Sargent et al., 1988; Nielsen et al., 2010). Possible associations
between maternal anti-HLA class I antibodies and placental abrup-
tion (Steinborn et al., 2004) and preeclampsia (Buurma et al., 2012)
have also been suggested. However, there are few systematic stud-
ies on anti-HLA class I antibodies and pregnancy complications
(Lashley et al., 2013).
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Fetal and neonatal alloimmune thrombocytopenia (FNAIT) is
caused by maternal alloantibodies targeting human platelet anti-
gens (HPAs) on fetal platelets, most commonly HPA-1a (Davoren
et al., 2004; Skogen et al., 2010). FNAIT occurs at a frequency of
about 1.5 per 1000 births (Dreyfus et al., 1997; Kjeldsen-Kragh et al.,
2007). Intracranial hemorrhage (ICH) is the most severe complica-
tion and is reported in around 10% of patients with severe FNAIT
(Mueller-Eckhardt et al., 1989; Kamphuis et al., 2010). Numerous
reports describe suspected cases of FNAIT with maternal anti-HLA
class I antibodies as the only finding and a possible explanation of
neonatal thrombocytopenia (Saito et al., 2003; Moncharmont et al.,
2004; Thude et al., 2006; Gramatges et al., 2009; Starcevic et al.,
2010). It has therefore been suggested that maternal anti-HLA class
I antibodies might cause FNAIT.

We  have previously demonstrated an association between
maternal antibodies against HPA-1a and reduced birth weight in
boys (Tiller et al., 2012). The aim of this study was  to explore
whether there are similar associations between maternal anti-HLA
class I antibodies and birth weight in relation to neonatal throm-
bocytopenia.

2. Methods

2.1. Study population

The two study groups (cases and controls) were identified and
selected from pregnant populations that were originally either
clinical referrals to the Norwegian National Unit for Platelet
Immunology or participants in a different study (Flo et al., 2010,
2014). We  performed a secondary analysis of these data using a
comparative cross-sectional study design. Selection of the study
population is presented as a flow chart in Fig. 1.

All pregnancies referred to the Norwegian National Unit for
Platelet Immunology in Tromsø, Norway, for suspected FNAIT
during the period 1998–2009 were identified. Pregnancies were
included as cases if maternal anti-HLA class I antibodies were
detected and neonatal thrombocytopenia was confirmed. Pregnan-
cies were excluded if platelet-specific (anti-HPA-) antibodies were
detected or if other reasons for neonatal thrombocytopenia were
found. Information regarding demographic characteristics, obstet-

ric history, course, and outcome of pregnancy was obtained from
the medical records. All maternal blood samples were taken post-
partum.

Of 82 mothers who  fulfilled the inclusion criteria, 62 con-
sented to participate. There was one twin pregnancy. Thirteen
neonates were further excluded from analysis: eight for other
possible reasons for neonatal thrombocytopenia (two with con-
genital cytomegalovirus infections, one with Jacobsen’s syndrome,
one with maternal immune thrombocytopenic purpura, one with
neonatal hemochromatosis, one with Noonan’s syndrome, one with
Down’s syndrome, one case of neonatal death 18 days after birth,
where the autopsy showed underdeveloped bone marrow), and five
cases where maternal sera were unavailable for antibody analysis.
Thus, data from 50 cases over a period of 11 years were included
for further analysis.

An unselected population of pregnant women originally
included in a prospective study investigating maternal-fetal hemo-
dynamics at the University Hospital of Northern Norway during
the period 2006–2010 served as controls (Flo et al., 2010, 2014).
Maternal blood samples were taken at 22–24 weeks of gestation.
Additional maternal blood samples acquired within three days of
delivery were available for seven controls. All samples were tested
for the presence of maternal anti-HLA class I antibodies and cate-
gorized as either anti-HLA class I antibody-negative or -positive. Of
250 pregnancies in the control group, 72 (29%) tested positive for
maternal anti-HLA class I antibodies. Platelet counts were obtained
from 45 randomly selected neonates in the control group, none of
which was thrombocytopenic.

All pregnancies were dated based on ultrasonography per-
formed in the second trimester. Preeclampsia was diagnosed
according to current ISSHP criteria (Tranquilli et al., 2014).

2.2. Definitions

Small for gestational age (SGA) was  defined as birth weight less
than the 10th percentile for gestational age based on singleton
percentile curves (Skjaerven et al., 2000).

Infants born before 37 + 0 gestational weeks were defined as
premature.

Fig.1. Cases consisted of pregnancies where the mother was anti-HLA class I antibody-positive and the neonate had suspected FNAIT, while controls consisted of normal
pregnancies.
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Fig. 2. Maternal antibody level versus predicted values for the birth weight in pregnancies with maternal anti-HLA class I antibodies and thrombocytopenic neonates (cases),
and  in normal pregnancies with maternal anti-HLA class I antibodies (anti-HLA class I antibody-positive controls). *Both regression lines adjusted for maternal age, parity,
preeclampsia, gestational age at delivery, and sex of the fetus using multiple linear regression.

Table 1
Unadjusted maternal and neonatal characteristics for pregnancies with maternal anti-HLA class I antibodies and thrombocytopenic neonates (cases) versus normal pregnan-
cies  (controls).
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Thrombocytopenia was defined as a platelet count <150 × 109/L.
Severe thrombocytopenia was defined as a platelet count
<50 × 109/L.

A placental weight/birth weight ratio (PW/BW-ratio) was calcu-
lated and included in the analyses, as this ratio has been considered
to be a better predictor of long-term fetal health than birth weight
or placental weight alone (Hemachandra et al., 2006; Shehata et al.,
2011).

2.3. Laboratory analysis

Screening for anti-HLA class I antibodies was done using an in-
house monoclonal antibody immobilization of the platelet antigen
(MAIPA) technique (Killie et al., 2010), or with FlowPRA 1 Screen-
ing Test (One Lambda, Canoga Park, CA, USA). In MAIPA, samples
were tested against paternal platelets when available. If paternal
platelets were not available, the study sample was tested against
random donor platelets from at least four donors. All samples
that tested negative for antibodies in MAIPA panels with random
donor platelets were subsequently also tested using the FlowPRA
1 Screening Test (One Lambda) to uncover false negatives.

After the primary identification of anti-HLA class I antibody-
positive cases, all samples were re-tested using the FlowPRA 1
Screening Test to obtain comparable values. A ratio of the median
fluorescence intensity (MFI) for each sample to the MFI of the nega-
tive control for the assay was calculated and used when comparing
anti-HLA class I antibody levels.

All laboratory work and analyses were performed by experi-
enced bioengineers at the Norwegian National Unit for Platelet
Immunology in Tromsø, Norway.

2.4. Statistics

All data were analyzed using SPSS software (version 21.0; SPSS,
Chicago, IL, USA).

The normality of data distribution was  tested using the
Kolmogorov–Smirnov test. An independent samples t-test was
used to compare means for continuous variables. Fisher’s exact test
was used to compare frequencies for categorical variables. A P value
of <0.05 was considered significant, and 95% confidence intervals
(CI) were reported where appropriate.

Regression models were applied to further evaluate differ-
ences in birth weight, frequency of SGA, placental weight and the
PW/BW ratio between study groups. In all regression models we
adjusted for maternal age, parity (nulli- or multiparity), preeclamp-
sia (yes/no), sex of the fetus, and gestational age at the time of
delivery. When looking at associations among maternal antibody
level and birth weight, SGA, placental weight, or PW/BW within
each study group, maternal antibody level was included as an inde-
pendent variable. We  did not adjust for gestational age at delivery
when SGA was  defined as the dependent variable.

Missing data were treated by pairwise deletion when compar-
ing all unadjusted data and by list-wise deletion when performing
regression analyses.

Data on smoking habits were available for 70% of cases. All
regression analyses were performed both with and without adjust-
ing for smoking habits. Data presented in the results did not take
into account smoking habits unless otherwise stated.

2.5. Ethics

The study was approved by the Regional Committee for Medical
Research Ethics, North Norway (Ref. no. REKNORD 2013/1863: date
of approval 15.05.2014). Informed written consent was  obtained
from all women included in this project.
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Fig. 3. Maternal antibody level versus predicted values for the placental weight in pregnancies with maternal anti-HLA class I antibodies and thrombocytopenic neonates
(cases),  and in normal pregnancies with maternal anti-HLA class I antibodies (anti-HLA class I antibody-positive controls). *Both regression lines adjusted for maternal age,
parity,  preeclampsia, gestational age at delivery, and sex of the fetus using multiple linear regression.

3. Results

Children in the case group had a significantly lower birth weight
(3005 g versus 3485 g, P = 0.003) and a higher frequency of being
SGA (48% versus 12%, P < 0.001) compared with controls. Almost
20% of infants (9/48) in the case group were born premature, com-
pared with 5% among controls (P = 0.004). There was  no significant
difference in placental weight between cases and controls. Five of
the neonates (10%) in the case group had ICH. Clinical characteris-
tics did not differ significantly between the two  control groups,
except for the frequency of nulliparous mothers. Maternal and
neonatal characteristics are presented in Table 1.

Mean adjusted birth weight among cases was  significantly
lower compared with controls (adjusted weight difference 167 g,
P = 0.036, Table 2). The risk of being SGA was significantly higher
among cases than among controls (OR = 6.72, P < 0.001, Table 2).
In contrast, there was no significant difference in adjusted birth
weight or frequency of SGA between anti-HLA class I antibody-
positive and -negative controls (data not shown). There were no
significant adjusted differences between boys and girls for birth
weight, risk of SGA or placental weight in any of our study groups
(data not shown).

Mean maternal anti-HLA class I antibody level was  significantly
higher among cases compared with anti-HLA class I antibody-
positive controls (unadjusted, P = 0.001, Table 1). Further, the
mean maternal anti-HLA class I antibody level was  significantly
higher in cases where the infant was SGA at delivery compared
with cases where the infant was not SGA (unadjusted, P = 0.037,
data not shown). An increasing level of anti-HLA class I anti-
bodies was significantly associated with decreasing birth weight

among cases (  ̌ = −4.9, P = 0.004, Fig. 2). Although non-significant,
the trend among anti-HLA class I antibody-positive controls was
opposite, with the level of maternal anti-HLA class I antibodies
increasing together with increasing birth weight (  ̌ = 1.7, P = 0.140,
Fig. 2). There was  a significant association between maternal
anti-HLA class I antibody level and frequency of SGA among
cases when smoking was  included as an independent variable
(OR = 1.026, P = 0.021, data not shown). This association was not sig-
nificant when smoking was  not included in the regression model
(OR = 1.011, P = 0.058, data not shown).

An increasing level of anti-HLA class I antibodies was  further sig-
nificantly associated with decreasing placental weight among cases
(  ̌ = −1.7, P = 0.008). This association had an opposite trend among
anti-HLA class I antibody-positive controls, although it was  non-
significant (  ̌ = 0.748, P = 0.061) (Fig. 3). The cases had a significantly
higher PW/BW ratio than controls (mean adjusted difference 0.015,
P = 0.012). There was no significant association between maternal
anti-HLA class I antibody level and PW/BW ratio for any of the study
groups (data not shown).

The frequency of preeclampsia among cases was  13%. Five out
of six infants whose mother had preeclampsia were SGA at birth.
Because of the known association between preeclampsia and fetal
growth restriction, we  repeated the analyses after excluding all
preeclamptic pregnancies; lower birth weight, and the risk of hav-
ing an SGA infant were still significantly and similarly associated
with maternal anti-HLA class I antibodies among cases (data not
shown).

To evaluate the use of MFI  from the FlowPRA I Screening Test as
a quantitative measure, we  compared these results with those of
the MAIPA assays. We  found a strong degree of correlation between
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the optical density value obtained from MAIPA and the MFI  from
FlowPRA (Spearman’s correlation coefficient = 0.680, P < 0.001).

As the sampling time varied between the case and the control
group, we evaluated whether sampling time could have influenced
the observed difference in anti-HLA class I antibody levels. Samples
taken both antenatally and postpartum were available from seven
participants in the anti-HLA class I antibody-positive control group.
Samples taken at weeks 22–24 had an MFI  that was  on average
66% higher than the MFI  of the postpartum samples (mean 1.66,
95% CI 0.94–2.38). Although not statistically significant, the trend
indicates that the anti-HLA class 1 antibody level tends to fall after
delivery. If this trend is representative, the difference in antibody
level between cases and controls would have been even larger if
samples had been taken at the same time in both study groups.

Neonatal platelet counts were available for 46 of the 50 neonates
in the case group. The mean platelet count in this group was
29 × 109/L (SD 19 × 109/L). The mean platelet count in the umbilical
cord blood of 45 randomly selected controls (antibody positive and
antibody negative) was 290 × 109/L (n = 45, SD 62 × 109/L). None of
the controls had thrombocytopenia.

4. Discussion

4.1. Main findings

Thrombocytopenic neonates born to mothers with anti-HLA
class I antibodies had a significantly lower birth weight compared
with controls. An increasing level of maternal anti-HLA class I anti-
bodies was linearly and inversely associated with birth weight and
placenta weight among the thrombocytopenic neonates. There was
no difference in birth weight between the antibody-positive and
antibody-negative controls.

4.2. Strengths and limitations

Considering the rarity of the condition we describe, the size of
our study population is large and with few missing data (Table S1).
The cases were selected from nation-wide referrals of pregnancies
where FNAIT was suspected. As FNAIT investigations are under-
taken only at the Norwegian National Unit for Platelet Immunology,
the case group is considered representative of Norwegian FNAIT
pregnancies in general. Most of the neonates in the case group
had severe thrombocytopenia. A selection bias toward more severe
cases is possible owing to the retrospective study design. To assess
the external validity of the control group, the clinical variables were
compared with equivalent data from the Medical Birth Registry of
Norway (MBRN) for 2010 (Norwegian, 2012). Except for a lower fre-
quency of smokers (6.4% versus 18.5% in the MBRN), all maternal
and neonatal characteristics were similar to data from the MBRN
(Table S2). The controls included in this study may  therefore be
considered representative of a normal background population of
Norwegian pregnancies. The participants in both groups were origi-
nally identified prospectively and during overlapping time periods.
We therefore consider the two groups comparable. The majority
of our study participants were White European. Our findings may
therefore not be representative of other ethnicities.

To remove possible confounders, we excluded all cases where
other possible causes of thrombocytopenia could be found in the
patient’s medical records, but undisclosed causes could still be
present.

The frequency of ICH among cases was 10%, which is similar
to what has been previously reported for children with severe
FNAIT (Mueller-Eckhardt et al., 1989; Kamphuis et al., 2010). The
frequency of maternal anti-HLA class I antibodies among controls
was 29%, which is also in accordance with previous reports (Morin-

Papunen et al., 1984; Regan et al., 1991; King et al., 1996; Masson
et al., 2013). Considering that neonatal infections are a common
cause of neonatal thrombocytopenia, the number of neonates in
the case group excluded because of neonatal infections was low.
However, newborns diagnosed with infection typically would not
be referred for FNAIT investigation, thus explaining the low number
of infections in our study population.

We  used fluorescence intensities obtained from the FlowPRA
I Screening Test as a measure of anti-HLA class I antibody level.
The panel of antigens present in the FlowPRA I Screening Test con-
tains all of the most common and several rare HLA class I antigens
described in our population. However, some of the antigens are
represented at different frequencies, meaning that certain anti-
body specificities have more binding sites than others. The FlowPRA
I Screening Test is not validated as a quantitative test by the
manufacturer, although MFI  is commonly considered a semi- quan-
titative measure of antibody level (Akalin et al., 2008; Lefaucheur
et al., 2010). The antibody level results in this study must be inter-
preted with caution. The essence of our data is primarily that
antibody level seems to matter, but future assays designed to mea-
sure anti-HLA class I antibody level are warranted.

4.3. Interpretation

The association between maternal anti-HLA class I antibodies
and birth weight in relation to neonatal thrombocytopenia has
not been described before. However, a similar association between
maternal antibodies against HPA-1a and reduced birth weight in
boys has been reported (Tiller et al., 2012), and neonatal throm-
bocytopenia in general is commonly detected in growth-retarded
newborns (Beiner et al., 2003; Engineer and Kumar, 2010). The lack
of significant associations between maternal anti-HLA class I anti-
bodies and birth weight or placental weight among controls could
indicate that anti-HLA class I antibodies alone do not influence feto-
placental growth. It is possible that the lower birth weight was
mediated through fetal thrombocytopenia, rather than through the
anti-HLA class 1 antibodies. The observation that antibody levels
were much higher among cases than among controls makes it dif-
ficult to draw any conclusions on this matter. Prospective studies
are needed to clarify whether there could be a threshold level of
anti-HLA class I antibodies above which fetoplacental growth may
be affected.

Alternatively, both the maternal anti-HLA class 1 antibodies and
the neonatal thrombocytopenia may  have been epiphenomena,
with an undisclosed third factor actually causing the lower birth
weight. A previous study reported that the breadth and strength of
anti-HLA antibodies increased with inflammation in transplanted
patients (Locke et al., 2009), and it was also recently shown that
antibody-mediated platelet destruction by human phagocytes is
enhanced by the inflammatory marker C-reactive protein (CRP)
(Kapur et al., 2015). Both the observed thrombocytopenia and the
high anti-HLA class I antibody levels among cases may  therefore be
secondary to an increased state of inflammation caused by other
factors. Even so, their presence may  still have affected fetoplacental
growth.

Most reports on neonatal thrombocytopenia and low birth
weight are based on the assumption that thrombocytopenia is
secondary to reduced fetal growth and/or placental failure. It is
noteworthy that the possibility that the cause–effect may be the
other way  around has not been considered. Therefore, it is not
possible to assess or rule out the role of maternal alloantibod-
ies in association with neonatal thrombocytopenia in fetal growth
restriction based on previous studies. The observed association in
this study between increasing anti-HLA class I antibody level and
decreasing birth weight and placental weight is interesting and
supports the hypothesis that maternal anti-HLA class I antibod-
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ies might affect fetal growth, either directly or indirectly via fetal
thrombocytopenia. Future research including placental studies is
warranted to test these hypotheses.

Anti-HLA class I antibodies are directed against antigens with a
high degree of polymorphism. The distribution of antibody speci-
ficities in this study may  therefore have differed between cases and
controls, thus contributing to the differences observed. Additional
analysis of antibody specificities would clarify this.

The frequency of preeclampsia among cases was  unexpectedly
high at 13%. After removal of all preeclamptic pregnancies from
our analyses the described results did not change, supporting the
theory that other factors in the case group (i.e., anti-HLA class 1
antibodies or fetal thrombocytopenia) were mainly responsible
for the lower birth weight. The high frequency of preeclampsia
among HLA class I-immunized pregnancies in relation to neona-
tal thrombocytopenia is still interesting. An increased frequency of
preeclampsia among mothers having preterm infants with throm-
bocytopenia was previously reported (Beiner et al., 2003), and
a possible connection between the maternal production of anti-
bodies during pregnancy and the development of preeclampsia
has been suggested (Buurma et al., 2012). An exacerbated mater-
nal inflammatory response is found in preeclamptic pregnancies
(Redman and Sargent, 2004), and inflammation has further been
shown to increase the breadth and strength of anti-HLA class I
antibodies (Locke et al., 2009). There was no association between
anti-HLA class I antibodies and preeclampsia among controls, but
the different selection strategies of the study groups may  have
influenced this. The possible link between maternal anti-HLA class
I antibodies and preeclampsia should be further studied.

As HLA antibodies are common and neonatal thrombocytopenia
occurs relatively frequently, it is difficult to draw a definite conclu-
sion based on this observational study. However, the hypotheses
generated from our study deserve to be further evaluated.

5. Conclusions

Maternal anti-HLA class I antibodies are associated with reduced
birth weight in neonates with suspected FNAIT. Further studies
are needed to disclose whether maternal anti-HLA class I antibod-
ies occurring during pregnancy can affect fetal growth, or if their
presence is simply an epiphenomenon.
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