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Abstract
Foetal and neonatal alloimmune thrombocytopenia (FNAIT) results from the transplacental 
transmission and binding of alloimmune antibodies on the child’s platelet antigens which were 
inherited from the father. Alloimmunisation of the mother against platelet antigen can occur 
during present or previous pregnancies or platelet transfusions. FNAIT is a rare disease whose 
course may be insignificant or may present with signs of haemorrhagic diathesis. Its most seri-
ous complication is intracranial bleeding, therefore early diagnosis and, in the case of indica-
tions, appropriate treatment are very important. The estimated incidence of FNAIT is 1 in 1,000–
2,000 live births. According to the Slovenia’s national vital statistics data, we estimate that there 
should be between 10 and 20 serologically confirmed cases of FNAIT annually. The incidence of 
FNAIT in Slovenia is not known. The aim of the present retrospective study was to assess the inci-
dence and aetiology of FNAIT in Slovenia and clinical characteristics of the disease. The results of 
a retrospective study in which we analysed the results of blood tests for the detection of platelet 
antibodies in infants or mothers have shown a much lower incidence. In the period from 1996 to 
2016, there were on average 9 requests for FNAIT diagnostic tests per year and 39 cases of FNAIT 
were confirmed, resulting in an incidence rate of 1 in 10,000 live births in Slovenia. We are aware 
that the obtained incidence may be underestimated due to retrospective analysis of the data; 
nevertheless, our results confirm our clinical observations that FNAIT is underdiagnosed in our 
area. In the present article, in addition to the results of a retrospective study on the incidence, 
aetiology and clinical picture of FNAIT in Slovenia, we review current knowledge of FNAIT. This 
contribution is aimed at increasing awareness about FNAIT, which can be life-threatening, and 
its prompt diagnosis may be very important for the child as well as for the mother’s following 
pregnancies.
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1 Introduction

Foetal and neonatal alloimmune 
thrombocytopenia (FNAIT) is a rare 
disease occurring as a result of foeto-ma-
ternal incompatibility and immune 
destruction of the foetal or newborn’s 
platelets. FNAIT is among the most 
common causes of severe thrombocyto-
penia of the foetus and the newborn (1). 
Based on the results of prospective stud-
ies of HPA–1a negative pregnant women 
the incidence of FNAIT is estimated to 
be 1 in 1,000 to 2,000 live births (2,3,4). 
According to the data of Norwegian and 
English researchers, however, the esti-
mate of the incidence of FNAIT on the 
basis of clinical diagnosis is 1 in 7,700 to 
8,000 live births (5,6).

2 Etiopathogenesis

FNAIT occurs as a result of maternal 
sensitisation against foetal platelet anti-
gens that the foetus inherited from the 
father. The pathogenesis of the disease is 
similar to a haemolytic foetal and neo-
natal disease due to maternal sensitisa-
tion against RhD erythrocyte antigens. 
Unlike in foetal and neonatal haemolytic 
disease, the sensitisation to platelet al-
loantigens is often present already during 
the first pregnancy, so that in sensitised 
primiparae thrombocytopenia occurs 
in 20–60 % of first newborns (7,8). The 
period and mechanism of sensitisation 
have not been fully explained yet.

In FNAIT, sensitisation is caused by 
specific human platelet antigens (HPA) 
that are present in platelets from week 
16 on and pass through the placenta into 
the maternal circulation where they may 
give rise to alloantibodies (9). At the 
onset of sensitisation the level of foetal 
platelets that pass into the placenta is 
probably too low to trigger an immune 
response (10). The researchers therefore 

believe that some other HPA-expressing 
cells, such as placental trophoblasts, 
are also involved in the pathogenesis of 
FNAIT (11).

Following sensitisation, the maternal 
immune system starts to produce alloan-
tibodies. IgG antibodies enter the foetal 
blood circulation across the placenta 
where they bind to the foetal platelets; 
these are then broken down by the re-
ticuloendothelial system, which leads to 
thrombocytopenia. On the other hand, 
IgM alloantibodies do not pass across 
the placenta and are not involved in the 
pathogenesis of FNAIT (9,12,13).

HPA antigens are found on plate-
let membrane glycoprotein receptors. 
Currently, there are 35 different platelet 
antigens, 12 of them belong in 6 biallel-
ic systems (HPA–1, -2, -3, -4, -5, and -15; 
Table 1) (14). In Caucasians, 80–90 % of 
FNAIT cases are caused by antibodies to 
HPA–1a (7,12,15). HPA antigen is found 
on β3 integrin and is associated with 
Leu33Pro polymorphism. Leu33 allele 
carriers are HPA–1a positive, while Pro33 
allele homozygotes are HPA–1a negative 
and marked as HPA–1b/b (1,4). The share 
of HPA–1a negative persons in Caucasian 
(our) population is 2.5 %, however, only 
10 % of HPA–1a negative pregnant wom-
en carrying a HPA–1a positive foetus will 
develop anti-HPA–1a antibodies (10). 
The presence of HLA-DR B3*0101 anti-
gen significantly increases the possibility 
of sensitisation during pregnancy with 
a HPA–1a positive foetus. Namely, this 
combination of antigens is responsible 
for sensitisation in as many as 35 % of 
pregnant women, which means that the 
molecule of haplotype HLA-DR B3*0101 
represents HPA–1a antigen to HPA–1a 
immune cells of a HPA–1a negative 
mother very successfully (8). The next 
most common antibodies responsible 
for the onset of FNAIT are anti-HPA-
5b (in 10–15 % of cases). The remaining 
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Table 1: HPA alloantigens/proteins. Resumed after http://www.ebi.ac.uk/ipd/hpa/table1.html, 
julij 2017.

System Antigen Original name Glycoprotein CD

HPA-1 HPA-1a 
HPA-1b

Zwa, PlA1 

Zwb, PlA2
GPIIIa CD61

HPA-2 HPA-2a 
HPA-2b

Kob 

Koa, Siba
GPIbalpha CD42b

HPA-3 HPA-3a 
HPA-3b

Baka, Leka 

Bakb
GPIIb CD41

HPA-4 HPA-4a 
HPA-4b

Yukb, Pena 

Yuka, Penb
GPIIIa CD61

HPA-5 HPA-5a 
HPA-5b

Brb, Zavb 

Bra, Zava, Hca
GPIa CD49b

HPA-6bw caa, tua GPIIIa CD61

HPA-7bw Moa GPIIIa CD61

HPA-8bw Sra GPIIIa CD61

HPA-9bw Maxa GPIIb CD41

HPA10bw laa GPIIIa CD61

HPA11bw Groa GPIIIa CD61

HPA12bw iya GPIbbeta CD42c

HPA13bw Sita GPIa CD49b

HPA14bw Oea GPIIIa CD61

HPA-15 HPA-15a 
HPA-15b

Govb 

Gova
CD109 CD109

HPA-16bw Duva GPIIIa CD61

HPA-17bw vaa GPIIb/IIIa CD61

HPA-18bw caba GPIa CD49b

HPA-19bw Sta GPIIIa CD61

HPA-20bw Kno GPIIb CD41

HPA-21bw Nos GPIIIa CD61

HPA-22bw Sey GPIIb CD41

HPA-23bw Hug GPIIIa CD61

HPA-24bw Cab2a + GPIIb CD41

HPA-25bw Swia GPIa CD49b

HPA-26bw Seca GPIIIa CD61

HPA-27bw cab3a + GPIIb CD41

HPA-28bw war GPIIb CD41

HPA-29bw Khab GPIIIa CD61

Legend: HPA – human platelet antigens; GP – glycoproteins; CD – cluster of differentiation.
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most common antibodies also include 
anti-HOA–1b, anti-HPA–15, anti-HPA–3 
and anti-HPA–96 (altogether 5 % of all 
cases) (7,8,9,15).

Rarely, thrombocytopenia of the 
newborn is a result of the transplacental 
transfer of autoantibodies in a mother 
with primary immune thrombocytope-
nia (ITP). Maternal autoantibodies gen-
erally do not cause thrombocytopenia in 
the newborn or the latter is present only 
in a mild form without clinical signs. 
Only a few cases of severe neonatal 
thrombocytopenia caused by maternal 
autoantibodies have been reported (16).

The role of anti-A and anti-B antibod-
ies from AB0 blood-group system as well 
as of anti-HLA-A and HLA-B antibodies 
in the serum of pregnant women as re-
gards the occurrence of thrombocytope-
nia has not been fully clarified. Studies 
have shown that anti-A and –B antibod-
ies as well as anti-HLA-A and HLA-B 
antibodies are most likely irrelevant for 
FNAIT pathogenesis and do not cause 
thrombocytopenia in the newborn. Only 
a few cases of FNAIT caused by anti-A 
and –B antibodies and anti-HLA-A and 
HLA-B have been reported in the litera-
ture (8,17).

3 Clinical picture and 
laboratory findings

A newborn with FNAIT my be free of 
symptoms, while in 85–90 % of FNAIT 
cases caused by anti-HPA–1a antibod-
ies there is evidence of haemorrhagic 
diathesis, most often petechiae, hae-
matomas and mucosal haemorrhage. 
Gastrointestinal bleeding is found in one 
third of the patients while bleeding from 
the urinary tract is rare. Intracranial 
haemorrhage, though being rare (pres-
ent in 10–15 % of symptomatic new-
borns) (8,10,13), is the most common 
cause of death and irreversible neuro-

logical sequels (18). In 80 % of cases, in-
tracranial haemorrhage occurs prenatal-
ly (19), while in the postnatal period the 
greatest risk of its occurrence is within 
the first 96 hours of life (8). In anti-HPA-
5b-induced FNAIT, 2/3 of patients have 
no signs of disease, but nevertheless 
they may suffer an intracranial haemor-
rhage (9,10).

An intracranial haemorrhage due to 
FNAIT may occur already in the foetus, 
which may result in cerebral/cerebel-
lar destruction, ventriculomegaly, the 
formation of porencephalic cyst, foetal 
hydrops and death (21). The risk of in-
tracranial haemorrhage in the foetus of 
a pregnant woman who have already had 
a foetus with intracranial haemorrhage 
in her previous pregnancy is 72 % (range 
46–98 %) (20).

In the newborn with FNAIT, only 
unspecified thrombocytopenia is pres-
ent after birth, usually within the first 
24–48 hours of life. The platelet count 
(PC) generally ranges between 10 and 
50 × 109/L. In most cases, thrombo-
cytopenia aggravates over the first 48 
hours and PC falls below 10 × 109/L (12). 
Thrombocytopenia induced by anti-
HPA–1a antibodies is generally more 
severe compared to anti-HPA–5b-in-
duced one, which is slightly milder (13). 
In a study by Bussel et al. the average 
PC in a foetus with foetal alloimmune 
thrombocytopenia due to anti-HPA–1a 
antibodies was found to be 18 × 109/L, 
while with other anti-HPA antibodies it 
was 60 × 109/L (21). Thrombocytopenia 
generally lasts 2–6 weeks and is self-lim-
iting, so that most newborns do not re-
quire any treatment (8). In rare cases, 
however, FNAIT is associated with anae-
mia and hyperbilirubinaemia due to 
haemorrhage (22). In each consequent 
sibling with inconsistency in platelet an-
tigens, thrombocytopenia is expressed 
with equal or higher intensity (8,13).
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4 Diagnosis

FNAIT is suspected in a newborn 
with isolated thrombocytopenia with or 
without haemorrhagic diathesis and the 
absence of other more frequent causes of 
thrombocytopenia. The maternal plate-
let count is normal, the course of preg-
nancy and delivery are uneventful, there 
is no history of autoimmune disease of 
the mother or intake of any medication 
that may cause thrombocytopenia in the 
newborn (10,12,13). By clinical examina-
tion and investigations, other causes of 
neonatal thrombocytopenia, such as e.g. 
intrauterine infection, polycythaemia, 
thrombosis, congenital abnormalities 
characterised by thrombocytopenia, dis-
seminated intravascular coagulation as a 
result of infection or severe bleeding, are 
excluded (10,23).

In case of suspected FNAIT, labo-
ratory tests should be used to establish 
whether platelet antibodies are actually 
present in the mother’s serum and then 
determine their specificity. It is sensi-
ble to also determine the mother’s and 
father’s HPA genotype. Incompatibility 
in HPA antigens between the mother 
and the father is important for predict-
ing the risk associated with subsequent 
pregnancies as well as for pregnancy 
management and appropriate treatment 
when necessary (24).

Serological FNAIT diagnosis is based 
on proving the presence of platelet an-
tibodies in the mother’s and newborn’s 
serum by an indirect immunofluores-
cence test and demonstrating the pres-
ence of platelet antibodies bound to the 
newborn’s platelets by a direct immuno-
fluorescence test (25). As the newborn’s 
serum and platelets are often not availa-
ble, the mother’s serum is used instead to 
demonstrate the presence of platelet an-
tibodies. If platelet antibodies are found 

in the mother’s serum, these need to be 
further specified.

Enzyme linked immunosorbent assay 
(ELISA) is used for the specification of 
HPA antibodies. ELISA test allows dif-
ferentiation of anti-HPA–1a, –1b, –3a, 
–3b, –4a, –5a, –5b as well as anti-gpIa/IIa 
and anti-HLA antibodies (26).

Serological confirmation of FNAIT 
and the specification of maternal plate-
let antibodies are very important for 
the management of further pregnancies 
since it is known that not all the plate-
let antibodies are equally aggressive and 
that thrombocytopenia is expressed with 
the same or even greater intensity in 
each subsequent child with platelet-an-
tigen incompatibility (8,13).

Serological and molecular-biologi-
cal tests are used for determining HPA 
platelet antigens. Polymerase chain re-
action with sequence specific primers 
(PCR-SSP) is used most frequently. In 
the case that the mother is HPA–1a neg-
ative (HPA–1b/b) while the father is a 
homozygote HPA–1a/a, the foetus will 
always be HPA–1a/a positive and thus 
at risk of developing FNAIT. If, howev-
er, the mother is HPA–1b/b and the fa-
ther is heterozygote HPA–1a/b, there is 
a 50 % chance that the foetus is HPA–1a 
positive. In this case, the determination 
of foetal platelet antigens from amniot-
ic fluid cells or biopsy of the chorionic 
villi by PCR-SSR method is of particular 
importance as it allows early treatment 
of the endangered foetus. So far, tests for 
non-invasive prenatal determination of 
foetal HPA–1a genotype from free cell 
fragments of foetal DNK that are present 
in the mother’s peripheral blood are still 
in a developmental phase, and thus only 
available in research laboratories (14).

Cordocentesis intended to deter-
mine thrombocytopenia and the need 
for platelet transfusion in a foetus is no 
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longer recommended due to the risk as-
sociated with the intervention (14).

Pre-implantation genetic diagnos-
tics as part of the in vitro fertilisation 
process, which allows the selection of 
a HPA–1a negative embryo that can be 
then transferred into a HPA–1a negative 
woman by embryo transfer procedure, 
is currently an option with the potential 
in future, as only one such case has been 
described in the literature so far (27).

The use of PCS-SSP method for es-
tablishing incompatibility between ma-
ternal and paternal HPA antigens seems 
also reasonable in cases when serological 
tests fail to prove the presence of platelet 
antibodies in the maternal serum either 
due to a low titre or low antibody avid-
ity 9.

5 Treatment

5.1 Newborn

The treatment for FNAIT depends 
on the level of thrombocytopenia and 
clinical picture. Treatment with plate-
let transfusion is recommended when 
the platelet count is below 30 × 109/L in 
a clinically stable newborn (particular-
ly in the first days of life (28,29), or be-
low 50 × 109/L in a newborn with signs 
of haemorrhage or concomitant diseas-
es (8,10,16,28).

Whenever possible, the newborn 
will receive a transfusion of the moth-
er’s platelets, since there is no reaction 
between these and the alloproteins that 
are present in the child’s blood. Prior 
to use, the mother’s platelet unit should 
be adequately prepared by alloantibody 
removal. Each platelet unit intended for 
the newborn is filtered and irradiated to 
prevent transfusion-induced graft-ver-
sus-host disease (GVHD) (15).

If maternal platelets are not availa-
ble, platelet preparations are obtained 

by apheresis, preferably from HPA–1a 
negative donors or by pooling several 
units (buffycoat) from different donors. 
Platelet donors should be CMV nega-
tive, but even in this case, their platelets 
should be filtered and irradiated (3).

The newborn may also be treated with 
intravenous immunoglobulins (IVIg) 
at a dose of 0.4–1 g/kg body weight/
day for 2 to 5 consecutive days (1,8,29). 
Following IVIg application, a favoura-
ble effect is noted in 2/3 patients, with 
a platelet count increase over 50 × 109/L 
after 48 hours. The drawback of IVIg 
treatment is in its delayed effect, and 
therefore – particularly in the case of 
haemorrhage or severe thrombocytope-
nia – it is combined with platelet trans-
fusions (1,8).

5.2 Foetus

Measures to be taken in a HPA al-
losensitised pregnant woman depend 
on the outcome of a previous pregnan-
cy and the genotype of foetal or paternal 
platelets. If the father is a homozygote for 
a platelet antigen, the foetus will in any 
case be incompatible with the mother. If 
the father is a heterozygote, the probabil-
ity that the foetus will be incompatible 
with the mother is 50 %. Foetal genotype 
can be determined by analysis of cells 
obtained by amniocentesis or biopsy of 
the chorionic villi.

If there is an incompatibility in plate-
let antigens between the mother and the 
foetus for which the mother has proven 
antibodies against, the delivery should 
be planned and performed with caesar-
ean section after the completed Week 
37. Thus, the risk of intracranial haem-
orrhage during vaginal delivery is re-
duced (31).

Indications for prenatal therapy are 
not clearly defined. In 2011, a group of 
experts issued recommendations for 
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the treatment and management of preg-
nant women with platelet antibodies or 
a history of thrombocytopenia of the 
newborn after a previous delivery. The 
recommendations were based on the re-
sults of clinical studies and expert opin-
ion (31). Considering the risk associated 
with cordocentesis for the determina-
tion of foetal platelet count, the current 
therapeutic indications are based on the 
results of serological testing, the level of 
thrombocytopenia and the occurrence 
of intracranial haemorrhage in a pre-
vious pregnancy (31). Although a foetal 
platelet transfusion is a feasible thera-
peutic option, current recommendations 
are in favour of the mother’s treatment 
with immunoglobulins or corticoster-
oids or both, with the latter being most 
effective (32).

6 Prevention and screening 
for pregnant women

Although it is believed that allosen-
sitisation in a HPA–1a negative preg-
nant woman may occur very early in the 
course of pregnancy, recent prospective 
studies show that more than 75 % of 
HPA–1a negative pregnant women are 
alloimmunised at delivery (33). These 
findings confirm the similarity between 
FNAIT and haemolytic foetal and neo-
natal disease, so studies are underway to 
support the assumption that a postnatal 
application of anti-HPA–1a antibodies 
in a HPA–1a negative mother that gives 
birth to a HPA–1a positive child can pre-
vent allosensitisation (14).

There is currently no national screen-
ing programme in the world to test all 
pregnant women in order to identi-
fy HPA–1a negative ones who are at 
risk for allosensitisation (14). Although 
Norwegian researchers have demon-
strated that the screening programme 
improves the clinical outcome (4) and 

is economically viable (34), national 
screening programmes have so far not 
been approved mainly due to the lack of 
preventive measures and effective and 
uniform treatment. Due to the absence 
of screening, the proposed protocols of 
prenatal treatment are based on the an-
amnestic data of intracranial haemor-
rhage or thrombocytopenia in a previ-
ous child, thus usually failing to register 
the first pregnancy in which FNAIT oc-
curred.

7 Retrospective review 
of patients with FNAIT 
in Slovenia in the period 
between 1996 and 2016

7.1 The aim of the study

The incidence and clinical dimen-
sion of FNAIT in Slovenia have not been 
established. The aim of the presented 
retrospective study was to establish the 
incidence and aetiology of FNAIT in 
Slovenia along with the clinical picture 
of patients with FNAIT.

7.2 Methods

7.2.1 Research design and study 
population

Our research was designed as a ret-
rospective cohort study. All the chil-
dren born between January 1996 and 
December 2016 who met the criteria 
for FNAIT and were hospitalised at 
two wards of the University Medical 
Centre Ljubljana (Clinical Department 
of Perinatology of the Division of 
Gynaecology and Obstetrics, and the 
Clinical Department of Neonatology of 
the University Hospital of Paediatrics), 
and at the Department of Perinatology of 
the University Medical Centre Maribor 
were included in the study. Considering 
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the division of work and organisation of 
the neonatal service in Slovenia, with the 
inclusion of the mentioned departments 
in the study, probably a vas majority of 
Slovenian patients with FNAIT diagno-
sis were included.

Diagnostic criteria for FNAIT were 
thrombocytopenia in the newborn 
(platelets < 120 × 109/L) and positive se-
rological tests to prove platelet antibod-
ies in the mother and/or the newborn, 
and the absence of other possible causes 
of thrombocytopenia.

The newborns were recruited in two 
phases. In the first phase, a list of all preg-
nant women, neonatal women and new-
borns from the aforementioned hospital 
departments, who underwent exami-
nation for the presence of platelet anti-
bodies, was obtained for the period from 
January 1996 to December 2016 from 
the Institute of the Republic of Slovenia 
for Transfusion Medicine (ZTM). In the 
second phase, all mothers with proven 
platelet antibodies and whose newborns 
had thrombocytopenia at the absence 
of other possible causes of thrombo-
cytopenia, as well as all newborns with 
proven platelet antibodies were identi-
fied. Newborns with thrombocytopenia 
whose mothers did not have evidence of 
platelet antibodies were excluded from 
the study. Medical records were then ob-
tained for the final set of patients.

The study was approved by the 
Medical Ethics Committee of the 
Republic of Slovenia (Decision No. 
0120–635/2016–5).

7.2.2 Data Collection
The basic demographic data and in-

formation on the clinical course, treat-
ment and outcome of the disease were 
collected from the children’s medical 
records. Mild thrombocytopenia was 
defined as a platelet count between 100–
120 × 109/L, moderate as a platelet count 

between 50–100 × 109/L, and severe as a 
platelet count < 50 × 109/L. The data on 
the results of serological testing and the 
specification of platelet antibodies were 
obtained form the ZTM’s information 
system.

7.2.3 Statistical Analysis
When calculating the incidence of 

FNAIT, it was taken into account that 
all the requests for platelet antibod-
ies identification from all Slovenian 
health institutions are sent to the ZTM. 
Furthermore, we assumed that Slovenian 
neonates with unexplained thrombocy-
topenia are transferred to two tertiary 
health institutions (KON UKCL and 
UKCM) or they are born in the mater-
nity hospitals Ljubljana (KOP UKCL) 
and Maribor (UKCM), where pregnant 
women at risk of FNAIT or testing pos-
itive for platelet antigens are referred 
to. The so-obtained number of patients 
with FNAIT is the numerator, and the 
number of live births in the 21-year pe-
riod is the denominator in the calcula-
tion of FNAIT incidence in Slovenia. 
The obtained quotient was expressed per 
1,000 live births. The data on the number 
of live births in Slovenia were obtained 
from the Statistical Yearbook of the 
Republic of Slovenia for years 1996–2016 
(http://www.stat.si).

Statistical data processing was per-
formed using the IBM SPSS Statistics 
software package, version 21 (IBM 
Corporation, Armonk, USA). For the 
acquired data, the proportions, averages, 
standard deviations, median interquar-
tile range (IQR) and confidence intervals 
(CI) were presented. CI was calculated 
for the rates with normal approximation 
(for n < 30 by Agresti Coull) (35). In the 
case of a negative lower CI value, the 
lower cut-off limit of CI was set at zero. 
The Mann-Whitney test was used to 
compare the asymmetrically distributed 
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numerical variables between groups. To 
compare the proportions in subgroups, 
Fisher’s exact test was used. The values 
at p < 0.05 were considered statistically 
significant.

7.3 Results

7.3.1 Patients under study
In the period from January 1996 to 

December 2016, 229 tests to detect plate-
let antibodies in newborns, neonatal and 
pregnant women from three depart-
ments participating in the study (KOP 
UKCL, KON UKCL and UKCM) were 
performed at the ZTM. Of these, 143 

tests for platelet antibodies were negative 
and 86 positive. Following exclusion of 
duplicate patients and identification of 
child/mother pairs, there were 62 posi-
tive serological tests available that could 
be associated with newborns: 24 (39 %) 
from KON UKCL, 33 (53 %) from KOP 
UKCL and 5 (8 %) from UKCM; of these, 
54 samples were from mothers, 1 sample 
from a child and 7 paired child-mother 
samples (Figure 1). The newborns of 10 
neonatal women who had proven plate-
let antibodies (all of them had anti-HLA 
and none anti-HPA antibodies) did not 
develop thrombocytopenia. We could 
not obtain medical records for 16 chil-

Figure 1: Patient collection scheme.
Legend: KOP UKCL – Clinical Department of Perinatology of the Division of Gynaecology of the 
University Medical Centre Ljubljana; KON UKCL – Clinical Department of Neonatology of the Division 
of Paediatrics of the University Medical Centre Ljubljana; UKCM – Department of Perinatology of the 
University Medical Centre Maribor; HPA – anti HPA antibodies; HLA – anti-HLA antibodies, NESP – 
antibody specification has not been performed.
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dren. Thus, data on demographic charac-
teristics and clinical picture of children 
with FNAIT as well as the findings of 
platelet testing and treatment of preg-
nant women and children were obtained 
for 39 cases.

7.3.2 FNAIT incidence
In the period from 1996 to 2016, 

410,310 children were born in Slovenia 
(http://www.stat.si). According to the 
data of the ZTM, i.e. the only institution 
that performs the diagnostics of plate-
let antibodies, 62 samples of mothers or 
children tested positive for platelet an-
tibodies. The newborns of 10 neonatal 
women did not develop thrombocyto-
penia despite the presence of maternal 
platelet antibodies. We could not obtain 
medical records for 16 children, and 
therefore information on whether they 
had thrombocytopenia is missing. Three 
pregnant women had each two children 
with thrombocytopenia. Thus, in the 
period from 1996 to 2016, 39 children 
definitely had FNAIT (perhaps even 55 
(39 + 16) children), which represents the 

numerator and the number of live birth 
in the appointed period the denomi-
nator in the calculation of incidence. 
Accordingly, the incidence of FNAIT in 
Slovenia in that period was 1/10,000 live 
births (95 % CI; [0.6/10,000; 1.3/10,000] 
), i.e. two children with FNAIT per year.

7.3.3 Clinical features and 
platelet antibodies

Twelve (30.5 %) girls and 27 (69.5 %) 
boys were included in the final analysis. 
The median gestation age of children 
with FNAIT was 39 weeks (IQR 3), 8 
children were born prematurely, and the 
median birth weight was 3180 g (IQR 
760). (Table 2) The majority, 31 chil-
dren (79 %) were born by vaginal birth. 
Positive history of thrombocytopenia in 
neonatal period in a sibling was present 
in 6 (15 %) (95 % CI [4 %; 26 %]) cases; 
only two of the mentioned 6 cases were 
delivered with caesarean section.

In 22 (56 %) (95 % CI [40 %; 72 %]) cas-
es, FNAIT was caused by HPA antibod-
ies, in 9 (23 %) (95 % CI [10 %; 36 %]) only 
HLA antibodies were found, while in 8 
(21 %) (95 % CI [10 %; 36 %]) cases anti-
body identification was not performed. 
As to HPA antibodies, anti-HPA–1a an-
tibodies were demonstrated in 15 (68 %) 
(95 % CI [47 %; 84 %]) cases (in 4 both 
anti-HPA–1a and anti-HLA were prov-
en), anti-HPA–3a in 3 (14 %) (95 % CI 
[4 %; 34 %]), antibodies anti-gpIIb/IIIa 
in 2 (10 %) (95 % CI [1 %; 29 %]), and both 
anti-HPA-5b and anti-HLA in 2 (10 %) 
(95 % CI [1 %; 29 %]) cases (Figure 2).

Twenty-seven (69.5 %) (95 % CI [55 %; 
84 %]) children had petechiae and/or suf-
fusions (87 % of children with HPA–1a 
and 55 % with other antibodies), 1 (2.5 %) 
(95 % CI [0 %; 7 %]) had intracranial 
haemorrhage, 2 had (5 %) (95 % CI [0 %; 
12 %]) some other type of haemorrhage, 
while 9 (23 %) (95 % CI [10 %; 36 %]) 
children were without clinical signs. 

Figure 2: Proportion of children with FNAIT according to the type of 
antibodies.

Legend: FNAIT – foetal and neonatal alloimmune thrombocytopenia; HPA – 
human platelet antigens; HLA – human leukocyte antigens.
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Two children without clinical signs had 
evidence of anti-HPA–1a antibodies, 1 
had anti-HPA–3a, 2 had anti-HLA, and 
1 child had anti-gpIIb/IIIa antibodies. 
Three children without clinical signs 
had the evidence of platelet antibodies 
proven, however their specificity was not 
defined. Only 2 children with anti-HLA 
antibodies were free of clinical signs 
while 7 had petechiae.

Children with anti-HPA–1a antibod-
ies had lower platelet counts compared 
to children with FNAIT caused by other 
platelet antibodies (the difference was 
statistically significant (p = 0.015)); the 
median of the lowest recorded platelet 
count was 16 × 109/L (IQR 19 × 109/L) vs. 
36 × 109/(IQR 39 × 109/L). Figure 3 shows 
the proportion of children with vary-
ing levels of thrombocytopenia (platelet 
count  < 30 × 109/L, range 30–50 × 109/L 
and > 50 × 109/L). In half of the children 
(median) with anti-HPA–1a FNAIT, the 
lowest platelet count was observed in 
less than 1 day (IQR 3) after birth, while 
for other platelet antibodies in half of the 
children (median) the lowest value was 

recorded less 2 days (IQR 6) after birth, 
but the difference was not statistically 
significant. The platelet count in children 
with FNAIT induced by anti-HPA–1a an-
tibodies normalised more rapidly than 
in children with FNAIT caused by other 
platelet antibodies, however, the differ-
ence in distribution between the groups 
was not statistically significant (Table 3).

Twenty-five (64.5 %) (95 % CI [49 %; 
80 %]) children did not require any 
therapy, 8 (20.5 %) (95 % CI [8 %; 33 %]) 
received a platelet transfusion, 4 (10 %) 
(95 % CI [1 %; 19 %]) a platelet transfu-
sion and IVIG, 1 (2.5 %) (95 % CI [0 %; 
7 % ]) IVIG only, and 1 child (2.5 %) (95 % 
CI [0 %; 7 %]) received a platelet trans-
fusion, IVIG and corticosteroids. Five 
women received IVIG therapy during 
pregnancy; two of them had anti-gpIIb/
IIIa antibodies and the other three had 
anti-HPA–1a, anti-HPA–3a and an-
ti-HLA, respectively. All five pregnant 
women had previously given birth to 
a child with thrombocytopenia; in her 
previous pregnancy, the one with an-
ti-HLA antibodies gave birth to a new-
born with thrombocytopenia, petechiae 
and subependymal haemorrhage.

The number of previous pregnan-
cies and childbirths, the mode of labour, 
clinical picture, the lowest platelet count, 
the age of the child at the lowest platelet 
count, time to normalisation of platelet 
count, and thrombocytopenia therapy 
are presented in Table 2 and Table 3, sep-
arately for children who had FNAIT due 
to the presence of anti-HPA–1a antibod-
ies or other platelet antibodies.

7.4 Discussion

Based on the results of studies mon-
itoring HPA 1a negative pregnancies, 
the incidence of FNAIT is estimated at 
1/1,000 to 2,000 live births (2,3,4). Given 
the fertility rate in Slovenia, 10 to 20 

Figure 3: Proportion of children with respect to the level of 
thrombocytopenia, separately for FNAIT induced by anti-HPA–1a 
antibodies, and for FNAIT induced by other platelet antibodies.

Legend: Št.tr. – platelet count × 109/L; HPA – human platelet antigens.
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Table 2: Basic demographic and perinatal data of the included newborns. 

anti-HPA-1a and anti-
HPA-1a + anti-HLA
n = 15

Other platelet 
antibodies
n = 24

Total
n = 39

Gender n (%) n (%) n (%)

Male 12 (80) 15 (62) 27 (69.5)

Female 3 (20) 9 (38) 12 (30.5)

Birth weight in g

Mean (SD) 3128 (410) 2960 (700) 3024 (604)

Median (IQR) 3250 (690) 3040 (1390) 3180 (760)

Gestation age in weeks

Mean (SD) 38.4 (2) 38 (2.5) 38.1 (2.3)

Median (IQR) 39 (3) 39 (4) 39 (3)

Zaporedna nosečnost n (%) n (%) n (%)

1 6 (40) 9 (38) 15 (39)

2 6 (40) 7 (29) 13 (33)

3 2 (13) 6 (25) 8 (20.5)

≤ 4 1 (7) 2 (8) 3 (7.5)

Number of siblings in the 
family

n (%) n (%) n (%)

1 8 (53) 12 (50) 20 (51)

2 6 (40) 7 (29) 13 (33.5)

3 1 (7) 4 (17) 5 (13)

≤ 4 0 (0) 1 (4) 1 (2.5)

Mode of delivery n (%) n (%) n (%)

Vaginal 13 (87) 18 (75) 31 (79.5)

caesarean section 2 (13) 6 (25) 8 (20.5)

Thrombocytopenia in 
previous pregnancy

n (%) n (%) n (%)

No 13 (87) 19 (82) 32 (84)

Yes 2 (13) 4 (18) 6 (16)

Legend: SD – standard deviation; IQR – interquartile range; HPA – human platelet antigens; HLA – 
human leukocyte antigens.
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cases of FNAIT would be expected an-
nually. The results of the performed ret-
rospective study have shown that that in 
Slovenia, FNAIT is proven on average in 
2 infants yearly and that the incidence 
of FNAIT in Slovenia is 1/10,000 (95 % 
CI [0.6/10,000; 1.3/10,000]) live births, 
i.e. lower than the estimated incidence 
in prospective studies (2,3,4) and com-
parable with the FNAIT incidence in 
the studies of Norwegian and British 
researchers, which were designed in a 
similar way as our studies (1 per 7,700 to 
8,000 live births) (5,6).

Although the incidence is calculated 
from the data obtained through a ret-
rospective review and is therefore most 
likely underestimated, we believe that 
the set of patients under the given con-
ditions was optimal and, therefore, the 
number of proven cases of FNAIT was 
real. Namely, the ZTM is the only insti-
tution in Slovenia where tests for the evi-
dencing of platelet antibodies are carried 
out; considering the division of work in 
neonatology and the organization of ob-
stetrics in Slovenia, it is very likely that 
children with FNAIT are treated in the 
three departments included in the sur-
vey

Although the calculated low inci-
dence may be attributable to the short-
comings of retrospective analysis, the 
fact that in the 21-year period there were 
229 requests for antibody identification 
to prove FNAIT, i.e. 10.9 yearly, cannot 
be ignored. Given the expected 10–20 
FNAIT cases annually, identification 
requests should be at least as many or 
twice that number (12). Therefore, low 
incidence could also be a consequence of 
suboptimal active search of the disease.

Anti-HPA–1a were the most frequent-
ly proven antibodies, these being found 
in 15 children or in 68 % (95 % CI [49 %; 
87 %]) of FNAIT due to HPA antibodies. 
The proportion of anti-HPA–1a induced 

FNAIT in our sample, which otherwise 
covers the majority of the population 
in the analysed period, is therefore low-
er than reported in the literature (75–
90 %) (5,15,36,37,38). A lower proportion 
of FNAIT caused by anti-HPA–1a is also 
reported by Croatia, namely 50 % (12). 
The lower proportion of FNAIT caused 
by anti-HPA–1a antibodies could mean 
that the share of sensitised HPA–1a neg-
ative pregnant women in our wider en-
vironment is lower. Namely, the share 
of HPA–1a negative persons in our en-
vironment is similar as in populations 
where 75–90 % anti-HPA–1a–induced 
FNAIT are reported (39). A lower anti-
HPA–1a-induced FNAIT could be a con-
sequence of laboratory failure to detect 
low-avidity antibodies. The results of 
studies show that low-avidity anti-HPA–
1a antibodies that fail to be detected 
by standard laboratory test can indeed 
cause FNAIT (40,41).

Anti-HLA antibodies exclusively 
were demonstrated in 9 (23 %) (95 % CI 
[10 %; 36 %]) cases. The aetiology of an-
ti-HLA antibodies in the development 
of FNAIT has not been fully clarified, 
however is deemed not to be a cause for 
the occurrence of severe thrombocyto-
penia in the newborn, since the presence 
of anti-HLA antibodies in healthy preg-
nant women is quite common (up to 
40 %) (24,36). Out of these nine pregnant 
women, 4 were primiparae. In the first 
pregnancy, when sensitisation occurs, 
the antibody HPA titre may be low and 
thus undetectable by laboratory tests. 
In the case of suspected FNAIT and the 
absence of anti-HPA antibodies, it is ap-
propriate to determine the HPA antigens 
of the mother and the child or at least of 
the father by genotyping. If the mother 
and the newborn are incompatible anti-
gen wise within the HPA system, FNAIT 
is possible as there may be low-avidity or 
scarce antibodies present, which failed to 
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Tabela 3: Comparison of clinical features, platelet count and treatment of newborns with FNAIT, separately for groups with 
anti-HPA-1 and other antibodies.

anti-HPA-1a and 
anti-HPA-1a + anti-
HLA
n = 15

Other platelet 
antibodies
n = 24

Total
n = 39

Statistical 
significance 
test
P value

Clinical picture n (%) n (%) n (%)

without symtpoms 2 (13) 7 (29) 9 (23) Fisher‘s test
p = 0.437

with symptoms 13 (87) 17 (71) 30 (77)

The lowest platelet count (× 109/L)

Mean (SD) 20 (13) 44 (36) 35 (32) Mann-Whitney‘s 
test
p = 0.015Median (IQR) 16 (19) 36 (39) 29 (32)

2.2 (2) 3.8 (6.3) 3.2 (5.2) Mann-Whitney‘s 
test
p = 0.4151 (3) 2 (6) 1 (3)

Time to normalisation of platelet count, Mean (SD), Median (IQR)

Mean (SD) 11.5 (12.6) 25.7 (37) 19.1 (28.9) Mann-Whitney‘s 
test
p = 0.185Median (IQR) 6 (4) 18 (20) 7.5 (21)

Newborns‘ treatmenta

It was not necessary 8 (53) 17 (72) 25 (64.5) Fisher‘s test
p = 0.318

Platelet transfusion 5 (13) 3 (12) 8 (20.5)

IVIG 1 (7) 0 (0) 1 (2.5)

Platelet transfusion + IVIG 1 (7) 3 (12) 4 (10)

Platelet transfusion + IVIG + KS 0 (0) 1 (4) 1 (2.5)

Prenatal mother‘s treatment with 
IVIGb

n (%) n (%) n (%)

No 13 (93) 18 (82) 31 (86) Fisher‘s test
p = 0.628

Yes 1 (7) 4 (18) 5 (14)

Legend: SD – standard deviation; IQR – interquartile range; HPA – human platelet antigens; HLA – human leukocyte antigens; Tr 
– platelets; IVK – intraventricular haemorrhage; IVIG – intravenous immunoglobulins; KS – corticosteroids

a – Fisher’s exact test was used to compare the proportions of treated (those who received platelet transfusion, IVIG, KS or a 
combination of these therapies) and untreated children.

b – The data on the mother’s prenatal treatment was obtained for 36 children.
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be proven by standard laboratory tests. 
In our study, genotyping was performed 
in three out of 9 HLA-positive cases.

Positive history of thrombocytopenia 
in a sibling was established in 15 % (95 % 
CI [4 %; 26 %]) of children, similar to the 
study by Bussel et al. (43), where throm-
bocytopenia in 18 % of siblings was re-
ported. Although a caesarean section 
is indicated in a pregnant woman with 
proven platelet antibodies, especially 
if she has already given birth to a child 
with thrombocytopenia previously, in 
our study, only 2 of 6 newborns with 
positive familial history were delivered 
with caesarean section.

The newborns with anti-HPA–1a an-
tibodies had a lower platelet count than 
the newborns with FNAIT induced by 
other platelet antibodies. The rate of 
children with severe thrombocytopenia 
in the group with anti-HPA–1a-induced 
FNAIT was 100 % vs. 63 % of children 
with FNAIT induced by other plate-
let antibodies. Almost 70 % of children 
with FNAIT and proven anti-HPA–1a 
antibodies had a platelet count under 
30. Similar rates are reported by other 
investigators (13,15,44). Ten children of 
mothers with proven platelet antibodies 
did not develop thrombocytopenia (10 
of 54 mother samples, 18 % (95 % CI [8 %; 
28 %]). Kjeldsen_Kragh et al. report even 
a higher proportion of children born to 
mothers with anti-HPA–1a antibodies, 
who had a normal platelet count, i.e. 
50 % (4).

Given that anti-HPA–1a cause the 
most prominent thrombocytopenia, it 
would be expected that the time to nor-
malisation of platelet count in children 
with anti-HPA–1a antibodies would be 
longer than in children with FNAIT in-
duced by other platelet antibodies. In our 
study, the time to normalisation of plate-
let count in children with anti-HPA–1a 
antibodies was shorter, however, the 

difference was not statistically signifi-
cant. The shorter time to normalisation 
of platelet count could be the result of 
treatment, as the share of children treat-
ed with platelet transfusion in the group 
of children with anti-HPA–1a antibodies 
was greater than in the group of children 
with other platelet antibodies, precisely 
47 % (95 % CI [25 %; 70 %]) vs. 29 % (95 % 
CI [15 %; 49 %]) respectively. Most au-
thors are in favour of treating newborns 
with FNAIT by platelet transfusions in-
sofar as their platelet count is < 30 or they 
show signs of haemorrhage (8,28,29). In 
our study, platelet transfusion was ad-
ministered in 13 of 20 children with a 
platelet count < 30.

Five women received IVIG during 
their pregnancy. Their children had var-
ious degrees of thrombocytopenia: 2 
had mild, 1 moderate and 2 had severe 
thrombocytopenia, but none of them 
had an intracranial haemorrhage. Thus, 
despite the mother’s treatment with 
IVIG, 40 % (95 % IC [12 %; 77 %]) of 
newborns had severe thrombocytope-
nia. Van der Lugt et al. have followed up 
the treatment outcome of women with 
IVIG; among a total of 22 newborns, 12 
(55 %) developed severe thrombocytope-
nia and only one (4 %) had intracranial 
haemorrhage (44). Thus, IVIG treatment 
decreases the risk of intracranial haem-
orrhage although it does not normalise 
the platelet count, which has also been 
reported by other researchers (45).

The conducted research has some 
shortcomings. The retrospective collec-
tion of data is difficult and incomplete 
owing to the lack of documentation, 
non-uniform approach to recording 
findings in the documentation and vari-
ous therapeutic approaches. Despite the 
fact that for 16 children documentation 
could not be obtained, we are satisfied 
with the collected clinical data for the 
remaining children. A 21-year period 
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is long enough for a retrospective data 
collection, and besides that, the availa-
ble documentation provided answers to 
almost all the questions related to each 
child. Therefore we believe that the de-
mographic data as well as the data on 
clinical picture and treatment of children 
with FNAIT in Slovenia are satisfactory. 
Due to the retrospective study design, we 
also could not manage to explain the ae-
tiology of FNAIT in cases where platelet 
antibodies have been proven, but their 
specification has not been performed.

8 Conclusion

The article is the first review article on 
FNAIT, which presents the results of a 
retrospective review of aetiology, clinical 
picture and treatment of patients with 
FNAIT in Slovenia. Given the estab-
lished incidence, which is lower than ex-
pected and most likely due to the lacking 
active search for FNAIT in newborns, 
the authors hope that their article will 
contribute to raising awareness of gy-

naecologists and neonatologists of this 
albeit rare but nevertheless potentially 
very serious disease.

In Slovenia, likewise elsewhere in the 
world, we do not have a national pre-
ventive programme for identification of 
HPA–1a negative pregnant women who 
are at risk of allosensitisation. Therefore, 
the current prenatal diagnostics and 
pregnancy management are based on 
anamnestic data on thrombocytope-
nia and intracranial haemorrhage in an 
older sibling. The present article shows 
that the management of pregnant wom-
en at risk and newborns with FNAIT in 
Slovenia is not uniform. Therefore, clini-
cians’ knowledge of the disease and good 
cooperation with the laboratory are of 
key importance for the management of 
pregnant women at risk and the affected 
newborns. A register of HPA–1a negative 
platelet donors would contribute signif-
icantly to improving the treatment of 
newborns when they need platelet trans-
fusion.
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