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An Investigation into Aetiology, Detection and Treatment of
Neonatal Alloimmune Thrombocytopenia

Mairead Horan*

*University Hospital Kerry, Tralee, Co Kerry

ABSTRACT

Neonatal Alloimmune ThrombocytopeniaHDN (NAIT) is a rare disorder with a similar
aetiology to Haemolytic Disease of the Newborn (HDN), however unlike its erythrocyte
counterpart, thrombocyte immunisation can occur within the first pregnancy (Giouleka et al.,
2023). The most common antibodies implicated are Human Platelet Antigen (HPA)-1a
(Winkelhorst et al., 2017). Of the Caucasian population 2.5 % are HPA-1a negative, of this
population 33% are Human Leucocyte Antigen HLA) -DR- B3*0101 positive increasing the
risk of producing an alloantibody upon encountering the HPA-1a antigen. The maternal
system becomes alloimmunised to the foreign paternal antigens of the foetus/neonate, which
cross the placenta causing low platelets of the foetus (Giouleka et al., 2023). One third of
antigen-positive neonates born to antigen-negative mothers develop thrombocytopenia with a
platelet count lower than 50x10%/L, thus there is a significant risk of ICH due to
thrombocytopenia (Giouleka et al., 2023). The disorder is identified through bruising or other
symptoms of thrombocytopenia, the neonate may also be asymptomatic, and the low platelet
implicated incidentally in routine testing (Constantinesu et al. 2012). Using the success of
prenatal screening programmes for HDN, non-invasive prenatal testing for NAIT would
allow for early intervention and prevent harm to the foetus.

Currently, there is no consensus on the management of NAIT. A prophylactic treatment has
seen success in clinical trials, if brought to market this drug could become the gold standard
in preventing maternal immunisation (Giouleka et al., 2023) (Winkelhorst etal., 2017) (Zhi et
al2022).

INTRODUCTION

Neonatal alloimmune thrombocytopenia (NAIT) is a rare disorder with a similar aetiology to
haemolytic disease of the foetus/newborn (HDN). In this review, the current testing and
treatment methods for this disorder will be discussed as well as future screening and
prophylactic strategies that could be implemented.

NAIT occurs when the maternal system becomes immunised to foreign antigens of the foetal
platelets, which are IgG in nature and could cross the placenta and destroy the platelets of the
foetus (Giouleka et al., 2023). The most common antibodies implicated are HLA-1a, only
2.5% of the Caucasian population are HPA-1a negative increasing the risk of producing this
alloantibody upon encountering the HPA-1a antigen (Winkelhorst et al., 2017). In the Asian
population, HPA-4a is the most implicated antibody (Tao et al., 2019). Unlike HDN, NAIT



Volume 4 Issue 1 IUJHS 07/2024

can occur within the first pregnancy and can have devastating effects on this pregnancy with
a recurrence in subsequent pregnancies (Tiller et al., 2013).

A recent case of NAIT in UHK brought to light the lack of awareness of the condition n this
hospital setting. An investigation into the thrombocytopenia of a newborn led to the discovery
of maternal antibodies and a mismatch in the platelet antigen type of the newborn and mother
regarding to the HPA-1a antigen. The antigen type of the family was involved as follows:
Mother: HPA- 1alb; 2a2a; 3a3a; 4ada; 5a5a; 15al15b, Father: HPA- lala; 2a2b; 3a3b; 4ada;
5a5a; 15al5a and Child: HPA- 1ala; 2a2b; 3a3a; 4ada; 5a5a; 15al5a.

In this case, the newborn had a 50% chance of being the same antigenic type as the mother.
The father being HPA-1ala could only pass on the HPA-1a gene while the mother could pass
on the HPA-1a or HPA-1b gene. The maternal system became sensitised to the antigen type
presented by the father and anti-HPA-1a developed in the maternal system. This antibody is
IgG in nature and can cross the placenta and enter the foetal system, opsonising the foetal
platelets and causing the foetal system to destroy the platelets, leading to thrombocytopenia.
A third of antigen-positive neonates born to antigen-negative mothers develop
thrombocytopenia with a platelet count lower than 50 x 10"9/L. There is also a significantrisk
(10%) of NAIT neonates developing intracranial haemorrhage (ICH). (Giouleka et al., 2023).
Most cases are diagnosed at birth because of purpura or bruising that leads to the discovery of
thrombocytopenia (Tiller et al., 2013).

Current testing involves foetal sampling through amniocentesis and paternal antigen typing,
there are some issues with this line of testing including the risk associated with this method
of foetal sampling as well as ethical considerations in paternal testing. Using HDN screening
programmes as a road map there is the potential for a screening programme that would allow
for the detection and possible prevention of NAIT and maternal immunisation. There is no
current nationwide consensus on treatment, some centres administer intravenous
immunoglobulin (IVIG) or corticosteroids to prevent maternal immunisation. Current clinical
trials show promise in the development of a prophylactic treatment that would function
similar to the Routine Antenatal Anti-D Prophylaxis (RAAPD) system of HDN. There is a
clear motive for understanding and development of testing and treatment options regarding
this condition.
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Figure 1: Aetiology of NAIT HPA-1a positive foetal cells when entering the maternal system
The mother’s immune system recognises the cells as foreign and produces an antibody which pass into the
foetal system and begins destruction of the foetal platelets leading to thrombocytopenia. (NAITbabies.org).
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SIGNS AND SYMPTOMS
Intracranial Haemorrhage (ICH)

The more dangerous outcome of NAIT is ICH which occurs in approximately 1 in 10,000
live births, however, most cases occur antenatally and may not be discovered until later.
According to one study which examined 592 cases of NAIT, 54% of ICH instances were
documented before 28 weeks gestation (Tiller et al., 2013). The clinical outcome for neonates
with ICH attributed to immune thrombocytopenia is poor, 35% of affected newborns pass
away within four days of delivery, and the majority who survive face neurodevelopmental
challenges which correlate with the neonate's maturity at the time of birth and the extent of
the haemorrhage. Most cases of NAIT ICH are caused by bleeding diathesis, the low platelet
count increases the chances of bleeding leading to intraventricular or intraparenchymal
haemorrhage (Tan et al., 2018, Tiller et al., 2013). The preferred method of ICH detection is
cranial ultrasound as it does notrequire transport, sedation, or exposure of the neonate to
ionising radiation. (Tan et al., 2018).

Bruising

Other common symptoms include petechia, purpura and cephalohematoma (Kaplan, 2006).
Petechiae is described as pinpoint non-blanching dots of discolouration that do not disappear
when brief pressure is applied (McGrath and Barrett, 2020). Purpura is similar, an area of
discolouration that occurs on the skin or mucous membranes. (Kaplan, 2006).
Cephalohematoma is described as the accumulation of blood under the scalp which appears
as a discoloured bruise (Raines and Sameer Jain, 2019). These types of bruising are caused
by the thrombocytopenic bleeding diathesis which allows for bleeding in the
microvasculature (Tan et al, 2018). These symptoms are all indications of thrombocytopenia
and will resolve themselves over time. Some individuals may be asymptomatic, the danger in
these cases is that the maternal system is now immunised to the paternal platelet antigens
which could cause complications in subsequent pregnancies.

DETECTION

Based on clinical presentation and thrombocytopenia a NAIT investigation is carried out
which identifies the platelet antigens of the individuals and the presence of an antibody in the
maternal system. Blood samples can easily be taken from the mother for testing, but it is
more difficult to obtain samples from a foetus in utero or a newborn.

Foetal Sample Retrieval: Amniocentesis

One method of obtaining foetal DNA for prenatal testing of NAIT is amniocentesis, the fluid
containing foetal cells would be sent for testing to determine the HPA identity of the foetus.
While the procedure is considered minimally invasive there are still associated risks. The
earlier in pregnancy the procedure is carried out the higher the foetal risk. The procedure is
not recommended for pregnancies under 16 weeks but the earlier certain disorders can be
detected by the procedure the better the prognosis for foetal life (Cruz-Lemini et al., 2014:
Jindal et al., 2023). In the case of NAIT, early determination of the condition could allow for
early intervention such as intrauterine transfusion (IUT) to prevent severe thrombocytopenia
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and hopefully prevent ICH. The procedure also carries a low risk of infection along with
haemorrhage of the placenta or foetal lesions which can all be dangerous for both mother and
foetus (Nizard, 2010; Cruz-Lemini et al., 2014)

The procedure is carried out under continuous ultrasound guidance, key locations are
determined and used as reference points throughout the procedure, the pool of amniotic fluid,
the placenta, the foetal position, and foetal movements are all closely observed (Figure 2).
Transplacental needle insertion is avoided, if possible, to prevent damage to the placenta and
risk of infection of the foetus if the maternal system carries viral infections like that of
Human Immunodeficiency Virus (HIV) or hepatitis. A 20ml sample of the fluid is taken
using a vacuum tube which avoids additional manipulation of the area, the needle is removed,
and the procedure is complete, the fluid cannow be used to determine the foetal HPA type.
(Cruz-Lemini et al., 2014; Jindal et al., 2023)

Amniotic
membrane

Amnioric
fuid

Figure 2: Amniocentesis procedure.
a) Shows correct needle entry guided by ultrasound as to prevent damage of surrounding maternal tissue.

b) The needle is inserted at a right angle to the ultrasound probe and proceeds through the four stages of entry:
abdominal skin puncture, uterine puncture, amniotic cavity entry and advancement of the needle, avoiding both
the placenta and foetus. Once within the amniotic pool the needle is advanced to the anterior wall to avoid
interaction with the foetus, foetal movements are continuously monitoredto avoid harm. (Cruz-Lemini et al.,
2014).

Antibody Identification: MAIPA

Monoclonal antibody-specific immobilization of platelet antigens (MAIPA) is the gold
standard for detecting the NAIT causing HPA antigens in maternal circulation (Kaplan et al.,
2007). Other techniques like western blotting were previously used in antibody identification
but lack the specificity of MAIPA as the technique can destroy some of the epitopes of
interest (Kiefel et al., 1987). MAIPA uses monoclonal HPA-specific antibodies in an Enzyme
Linked Immunoassay (ELISA) like technique to allow for the optical density to be measured
and therefore detection of the antibody of interest (Figure 3) (Kaplan et al., 2007; Kiefel et
al., 1987). The indirect MAIPA method was used by the reference centre in the case observed
in UHK.

The indirect method uses commercial typed platelets that are incubated with the test serum
(Brighton et al., 1996). The commercial platelets have specific antigens which correlate to
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different epitopes of interest in platelet immune disorders. In the case of NAIT, the epitope of
interest in the GPIIb/IIla which holds the HPA-1a antigen as well as other HPAantigens
associated with NAIT (Tiller et al., 2013).

goat anfi-human IgG

o 1
Platelets .
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Figure 3: MAIPA Test Procedure.

The HPA antibody in the patient’s serum (green) binds to the platelet, commercial mouse antibody (blue) binds to
the GPIIb/IIIa antigen backbone. The platelet is lysed, cell debris removed, and goat anti-mouse antibody (grey)
immobilises the complex before the addition of labelled goat anti-human antibody (navy) which allows for
detection. Signal production can only occur in the presence of thepatient platelet antibody. (MAIPA Procedure,
2019).
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While this method is considered the gold standard for detecting anti-platelet antibodies the
sensitivity varies between test centres (Brighton et al., 1996) (Kaplan et al., 2007). There are
few commercially available reagents for use in clinical diagnosis which leaves laboratories
using their own in-house monoclonal antibodies whose effectiveness can vary (Kaplan et al.,
2007). Cross contamination is also another potential issue (MAIPA Procedure, 2019). Other
limitations of this testing method include its use of monoclonal IgG, the use of poly-specific
antibodies as opposed to IgG alone could increase the specificity of the test. (Brighton et al.,
1996). False-negative results could be because of the competition between the antibodies for
similarly structured binding sites which could result in improper treatment (Kaplan et al.,
2007). Despite the limitations, this method is highly specific and remains the gold standard in
detecting and diagnosing NAIT.

Luminex has presented a more sensitive method of MAIPA using similar concepts but with
bead technology as opposed to microtitre plates. The Luminex beads are coated with specific
antibodies that bind the commercial platelets, human IgG of the patient sera binds theplatelet
that is then lysed, and a labelled enzyme which binds the human IgG allows for detection by
flow cytometry (Tao et al., 2019) While based on similar concepts the Luminex technology
has a higher sensitivity, and the bead technology allows for the potential detectionof more
HPA and HLA antigens using coupled beads. This method, however, is currently
unsuccessful in detecting HPA-15 which has a low surface expression but does have the
potential to cause NAIT (Masalanka et al., 2011). The commercially available beads could
mitigate the variation in sensitivity seen between laboratories using the traditional MAIPA
method.

Antibody Identification: PIFT

Platelet immunofluorescence test (PIFT) allows for the detection of platelet antibodies in
serum. Indirect PIFT was used as a screening test to determine if antibodies were present in
the maternal serum while MAIPA was used to identify further. PIFT has been described as
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the thrombocyte equivalent of the Coombs test which allows for the determination of
antibodieswhich pertain to erythrocyte immune conditions (Gabe et al., 2023; Nebe, 2015).
This technique can also be used to crossmatch units of platelets prior to transfusion which in
the case of alloimmune reactions such as NAIT would offer the best platelet increment (Gabe

etal., 2023).
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Figure 3: Platelet immunofluorescence test PIFT.

Antigen-specific platelets were added to the patient serum and incubated to allow for the antibody antigen
reactions to occur. Antihuman immunoglobulin with a radiolabel was then added which binds to the human
antibody present in the serum and the fluorescent signal is detected through flow cytometry. The fluorescence
allows for detection of the antibody and the use of platelets determines if the antibody in question effects these
blood cells. (Matsuhashi and Tsuno, 2018).

Antigen Identification: PCR-SBT

Polymerase chain reaction sequence-based typing (PCR-SBT) is the gold standard in platelet
antigen identification. The technique utilises the specificity of PCR primers to amplify the
sequence before NGS techniques are used to elucidate the DNA sequence of the sample.
Locus-specific primers are used in the PCR processto amplify the sequence, through
electrophoretic methods the size of the fragments is identified which indicates the position of
the DNA base within the sequence. The larger the DNA fragment, the longer the sequence of
the fragment and dyes are used to identify the different bases. When all fragments are lined
up according to size the entire sequence can be identified (Jaramillo, Fernande and Marino,
2008). In this way, single base pair differences and subtle amino acid substitutions are
accurately identified which allows for the full HPA type of the individual to be known,
combined with antibody testing the cause of NAIT can be determined. This method while
highly accurate in determining the DNA sequence is very labour-intensive (Gersuk and
Nepom, 2006)

Future Testing: Cell Free Foetal DNA (cffDNA)

Currently NAIT is diagnosed at birth based on the newborns symptoms but there is potential
for a prenatal screening programme similar to that seen in HDN to allow for the risk of NAIT
to be determined early in pregnancy and possibly prevent maternal immunisation (Tiller et
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al., 2013). Amniocentesis as mentioned is one method of retrieving foetal cells for testing,
however, could less invasive testing similar to HDN based on cffDNA testing would allow
for a lower risk approach to detection and the possibility of a screening programme? Testing
is currently based on the mothers HPA type, if the mother is HPA-1a negative then the father
is tested to determine the need for amniocentesis to take place (Kjeldsen-Kragh and Hellberg,
2022). There are ethical challenges associated with this line of testing, the presumed father
could potentially not be the biological father of the foetus and so an incorrect genetic picture
could leave the foetus still in danger and lead to maternal immunization. Additionally, the
strides made in recent years in reproductive technologies means that the mother carrying the
foetus or the father involved may have no biological relation to the foetus and so testing
would yield inaccurate results (Kjeldsen-Kragh and Bengtsson, 2020; Kjeldsen-Kragh and
Hellberg, 2022). If the foetal HPA type could be determined from cffDNA in a maternal
blood sample, this would eliminate both the risks associated with amniocentesis and the
ethical difficulties in paternal testing. Several methods have been proposed but the low
concentration of foetal DNA in the maternal system in conjunction with the similarity in
structure of the HPA-1a and HPA-1b antigens serves as complications in testing. PCR-SBT
testing may not be able to overcome this barrier. (Ouzegdouh Mammasse et al., 2020;
Kjeldsen-Kragh and Hellberg, 2022).

Droplet digital PCR (ddPCR) holds the most potential for non-invasive prenatal testing, the
process involves dividing the sample into partitions containing varying concentrations of
DNA. PCR coupled with fluorescence allows for quantification and software is used to
determine the HPA type ofthe sample (Ouzegdouh Mammasse et al., 2020) RASSF1a, a
marker of foetal DNA, along with single nucleotide polymorphisms act as internal controls
lending credibility to the results obtained. Other proposed test methods like Cold PCR which
takes advantage of the differing DNA sequences having different melting points lack internal
control methods which make these methods less desirable for use in a screening programme
(Kjeldsen-Kragh and Hellberg, 2022; Ouzegdouh Mammasse et al., 2020).

The risk of NAIT is also linked to the HLA type of the mother, HLA-DRB3*01:01 negative
mothers have a significantly lower risk of birthing a thrombocytopenic baby even ifthe HPA
type of the mother and child differ, HLA-DRB3*01:01 positive mothers have a 25%
increased chance of NAIT (Kjeldsen-Kragh and Hellberg, 2022). This could also be
considered in a screening programme to determine the risk of developing NAIT.

TREATMENT
Platelet Transfusion

Current treatment of NAIT often involves platelet transfusion upon discovery of
thrombocytopenia, the symptoms are immediately addressed and confirmational diagnosis is
performed later. Platelet transfusion of specific HPA-type platelets is preferred but any
platelet unit can be used to increase drastically low counts, a higher increment is achieved
from platelets that lack the antigen causing the response (Giouleka et al., 2023; Moise, 1993).
Maternal platelets that are washed to remove the antibody will not be effected by the
antibody in the babies system (JPAC, 2014a). The unit must be CMV (cytomegaly virus)
negative and come from one single donor to prevent transfusion transmitted infection and
irradiated to prevent a graft versus host effect. Additionally the concentration of white cells in
the platelet unit should be low but irradiation destroys the lingering leucocytes removing this
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risk (JPAC,2014a; JPAC, 2014b). The platelets are hyper concentrated to a concentration of
2000x10°/Land a small volume is given so as to not overwhelm the circulatory system of the
baby (JPAC, 2014a; Moise, 1993). In the UHK case, antigen specific platelets were
transfused postnatally, and the infant made a full recovery, genetic counselling will be
offered to the parents in the case of future pregnancies.

Neonatal transfusion can correct the low platelet count at birth, but intrauterine transfusion is
required in cases where birth would be detrimental to the baby’s health. Intrauterine
transfusion (IUT) involves a similar process to amniocentesis where a needle guided by
ultrasound is inserted through the mother’s abdomen, the needle is inserted into the vessels of
the umbilical cord and the platelets passed into foetal circulation (Moise, 1993). As the
maternal antibody leaves the newborn system after birth the platelet count rises and reaches
normal levels within six weeks (JPAC, 2014a).

Prophylaxis

Intravenous immunoglobulins are administered in some treatment centres, but the amount and
timing of administration vary widely (Kamphuis and Oepkes, 2011; Tiller et al., 2013). The
concept behind administering immunoglobulin is like that of HDN prophylaxis, destroying
the foetal platelets that cross the placenta before the maternal system can be immunised
prevents the production of IgG. Corticosteroids like prednisone are also used by some centres
as they dampen the immune response, if the maternal system is unable to produce the
antibody or the concentration is lessened, less immunoglobulin crosses the placenta and
reduces platelet destruction resultingin higher platelet counts at birth (Kamphuis and Oepkes,
2011). While some success is seen with these treatment methods there is variation between
treatmentcentres and the course of drugs given. A universal clinically trailed course of
treatment is needed to prevent maternal immunisation.

RLYB211

Currently, there is no approved prophylactic treatment for FNAIT (Semple and Kapur, 2022).
Recently procured by the company RallyBio, a polyclonal human-derived HPA-1a antibody
isin clinical trials and showing great promise in removing antigen-positive platelets from
circulation in a timely manner which would prevent the recipient system from developing an
alloimmune antibody, thus preventing NAIT (Geisen et al., 2023; NAIT Babies, 2023; Zhi et
al., 2022). The antibody designated RLYB211 has recently completed phase 1/2 proof of
concept clinical trials after success in murine models. This antibody is retrieved from the
plasma of immunised women who were introduced to the antibody during pregnancy (Geisen
et al., 2023)

Proof of concept studies in the murine model showed the potential for administration of
HPA-1a antibodies for use in the prevention of NAIT (Zhi et al., 2022). Developments in
recombinant DNA technologies allow the production of transgenic organisms with the
desired antigen expression, CRISPR/CAS technology created mouse-to-human amino acid
substitution in the GPIIIa genes produced by APLDQ GPIIla mice. (T30—A, S32—P,
Q33—L, N39—D, and M470—Q) (Zhi et al., 2021). The human HPa-1a antibody binds to
this form of the antigen and does not bind to wild-type (WT) platelets. WT female mice were
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exposed to APLDQ homozygous platelets and subsequently administered RLYB211 (Geisen
et al., 2023). The administered antibody was effective in removing antigen-positive platelets
within five hours. A second dose of RLYB211 was given 21 days after initial exposure to the
antigen and the female WT mice in this cohort were subsequently bredwith APLDQ-positive
male mice with offspring showed platelet counts that were elevated in proportion to the dose
given. (Zhi et al., 2022). The developments in the field of recombinant DNA allowed for the
APLDQ murine model to establish that prophylactic antibodies can be used in a comparable
way to HDN to prevent FNAIT (Zhi et al., 2021; Zhi et al., 2022; NAIT Babies, 2023).

Following the success seen in the mouse model the antibody was entered into a randomised,
single-blind, placebo-controlled, phase 1/2 proof of concept study. This phase marked the
introduction of RLYB211 into human testing. Two groups of men meeting the pretesting
requirements including antigen status, HLA status and Body mass index (BMI) requirements
were randomly assigned either the placebo or the antibody. Cohort 1 consisted of eight men,
six receiving the antibody and two placebo cases. This group were administered the drug or
placebo following antigen-positive platelet transfusion to determine the effectiveness of the
antibody in preventing immunisation following a sensitising event (Geisen et al., 2023).

Group 1B consisted of four men, three receiving the antibody and one placebo, these
individuals received the drug and were subsequently transfused with platelets to determine
the prophylactic potential of RLBY211 when administered before a sensitising event (Geisen
et al., 2023). The HLA nature of the platelets transfused contrasted with the HLA status of
the individuals which allowed for flow cytometry detection and the quantification. The HPA
genotype of the platelets allowed for RLBY211 antibody-mediated destruction of the donor
platelets. In cohort 1 all donor platelets were removed from circulation within two hours
showing the potential of the drug to prevent alloimmunisation following a sensitising event.
Group 1B saw total elimination of donor platelets within 3 hours showing the potential to
prevent immunisation when administered before sensitising event (Geisen et al., 2023). While
this study shows promise it is not without limitation, the small sample size limits the
reliability of results which may be remedied as the clinical trials continue.

CONCLUSION

NAIT is a serious condition that can have harmful effects on individuals, unlike its
erythrocyte equivalent NAIT can affect first pregnancies which furthers the need for
prophylactic and screening programmes. There is an abundance of studies regarding the
aetiology and dangers of NAIT, however, there is a distinct lack of study into treatment or
preventative measures. While NAIT is a rare disorder occurring in 1/1000 live births there are
other disorders screened for that have a lower occurrence. Every newborn is screened for
cystic fibrosis, phenylketonuria, and a number of other disorders where early intervention
reduces morbidity despite low incidence: cystic fibrosis and phenylketonuria affecting
1/2500 and 1/10.000 live births respectively, making the disorders less common than NAIT.
With the success seen in the clinical trials, it seems a prophylactic treatment for this condition
is on the horizon for NAIT caused by the HPA-1a antigen, but this is not the only antigen
implicated simply the most common, more research is needed in testing and treatment for
other HPA antigens that cause this condition before an all-inclusive screening program can be
rolled out. Using the success of screening and prophylactic programs for HDN the stage is set
to tackle NAIT.
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