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                                                                       ABSTRACT 

Neonatal Alloimmune Thrombocytopenia (NAIT) is a rare but potentially life-threatening condition in which maternal 

alloantibodies target fetal platelet antigens, leading to severe thrombocytopenia, bleeding complications, and, in some cases, 

intracranial hemorrhage (ICH) or fetal demise. This review provides a comprehensive exploration of NAIT’s pathophysiology, 

immunologic mechanisms, genetic predispositions, clinical manifestations, diagnostic approaches, and evolving prevention and 

treatment strategies. Special emphasis is placed on the immunogenetic triggers, particularly Human Platelet Antigen (HPA) 

incompatibilities, and their population-specific prevalence. Diagnostic techniques such as MAIPA and HPA genotyping are 

highlighted alongside current antenatal interventions, including intravenous immunoglobulin (IVIG), corticosteroids, and 

antigen-negative platelet transfusions. Advances in population-based screening, noninvasive fetal genotyping, and consensus 

guidelines have significantly improved outcomes, reducing ICH rates and enhancing survival. Despite these advances, long-

term neurodevelopmental sequelae remain a concern, even in nonhemorrhagic cases. This review integrates recent 

epidemiologic and clinical findings from 2023 to 2025, emphasizing the growing importance of early recognition, targeted 

management, and international consensus in improving care for NAIT-affected neonates and future pregnancies. 
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INTRODUCTION 
Neonatal Alloimmune Thrombocytopenia (NAIT) was previously referred to as Fetal and Neonatal Alloimmune Thrombocytopenia 

(FNAIT), and it is an immunologically mediated condition of the newborn which is rarely seen but highly dangerous. It arises when 

the platelets of the fetus, inheriting a set of antigens, are destroyed by the mother IgG-conjugated antibodies passing through the 

placenta. The condition is the platelet analog of hemolytic disease of the fetus/newborn (HDFN) but with greater rates of occurrence 

in first pregnancies as compared to HDFN. The frequent cause of severe neonatal thrombocytopenia and intracranial hemorrhage 

(ICH) in the term newborns is AIT. It is estimated to occur in about 1 in 1,000 or 2,000 deliveries, but the most up-to-date statistics 

suppose about 1 in 1,250 Caucasian pregnancies. In first pregnancies, NAIT may arise in ~50-60% of cases in spite of lack of any 

prior sensitization. In the absence of immediate identification and treatment, NAIT may cause devastating consequences such as 

extreme bleeding, permanent neurological disorders, or even the fetal death. 

Clinically, NAIT often presents in an otherwise healthy term infant with the sudden appearance of petechiae, purpura, or bleeding 

tendencies within hours of birth. Unlike neonatal thrombocytopenia caused by maternal immune thrombocytopenic purpura (ITP) 

or infection, NAIT frequently causes more severe thrombocytopenia (platelet counts can be <20–30×10^9/L) and a higher risk of 

ICH even in the first 24–48 hours of life. Notably, about 10–20% of neonates with NAIT suffer intracranial bleeding, often antenatal, 

which is fatal in approximately 10% of cases and leads to lasting neurological sequelae in 

~20%. A significant proportion (50–75%) of these ICH events occur in utero, sometimes causing fetal death (stillbirth) or 

porencephalic brain injury detectable on prenatal ultrasound. The condition is therefore a true obstetric and neonatal emergence, 

therefore early diagnosis and intervention are critical to prevent irreversible harm. 

 

IMMUNOLOGICAL BASIS OF NAIT 

NAIT arises from a classic type II hypersensitivity mechanism in which maternal alloantibodies destroy fetal cells. In NAIT, the 

target cells are fetal platelets. The process begins with a feto-maternal incompatibility: the fetus inherits a platelet-specific antigen 

from the father that the mother lacks. If fetal platelets enter the maternal circulation (via transplacental microhemorrhages, delivery, 

or invasive procedures), the mother’s immune system may recognize the paternally derived platelet antigen as foreign and mount an 

immune response. Immunoglobulin G (IgG) antibodies are produced by the mother against that platelet antigen.  
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Crucially, IgG is actively transported across the placenta as early as the first trimester. Maternal IgG alloantibodies coat the fetal 

platelets in utero, leading to opsonization and removal of platelets by the fetal spleen and liver reticuloendothelial system. The end 

result is fetal and neonatal thrombocytopenia (low platelet count) due to peripheral destruction and possibly suppressed platelet 

production in the fetus. 

The immunopathology of NAIT closely mirrors that of hemolytic disease of the newborn, except platelets are targeted instead of red 

blood cells. One key difference, however, is that NAIT frequently affects the first pregnancy. In contrast to Rh-D hemolytic disease 

(where the first pregnancy is often spared unless there was a prior sensitizing event), NAIT has been documented in many first-born 

infants. Studies estimate roughly half of NAIT cases occur in first pregnancies. This implies that maternal sensitization to platelet 

antigens can occur antenatally during the first gestation, transplacental hemorrhages even in normal pregnancies can expose the 

mother to fetal platelets early enough to induce antibody formation before delivery. Additionally, some women may have pre-

existing platelet alloantibodies from asymptomatic exposure (e.g. blood transfusion, or even natural exposure to certain antigens) 

prior to pregnancy. Thus, NAIT does not reliably spare the first-born. 

Once maternal IgG binds fetal platelets, several pathological effects ensue beyond simple platelet clearance. The degree of 

bleeding seen in NAIT is often more severe than would be expected from platelet count alone, suggesting additional mechanisms 

contribute to pathology. Research indicates that the maternal anti-platelet antibodies can induce platelet dysfunction (impairing 

platelet aggregation), damage fetal megakaryocytes (reducing platelet production), and even injure vascular endothelium. 

Notably, the HPA-1a antigen (the most common target in NAIT) is expressed not only on platelets but also on endothelial cells; 

anti-HPA-1a antibodies may cause endothelial cell damage, increasing the risk of hemorrhage. Complement activation may also 

occur on antibody-coated platelets, exacerbating platelet destruction and tissue injury. 

Maternal-fetal platelet antigen incompatibility is necessary but not sufficient for NAIT to occur. Only a minority of antigen-

mismatched pregnancies actually lead to maternal alloimmunization. For example, only ~5% of HPA-1a negative women carrying 

an HPA-1a positive fetus will form anti-HPA-1a antibodies. This suggests a role for maternal immune response genes and other 

modifiers in determining which pregnancies lead to NAIT. Indeed, specific maternal HLA class II alleles are strongly associated 

with the propensity to form antibodies against certain platelet antigens. The classic example is 

HLA-DRB3*01:01 (previously known as DR52a), which is present in the majority of women who become immunized to HPA-1a. 

Likewise, maternal HLA-DRB4 (DRw6) has been linked to anti-HPA-5b production. These HLA associations reflect the 

requirement for certain antigen-presenting contexts to trigger T-cell help and B-cell antibody production. Thus, the immunological 

basis of NAIT involves a triad of factors: (1) an incompatibility in a platelet antigen between mother and fetus; (2) a maternal 

immune system capable of recognizing and responding to that antigen (influenced by HLA genetics and possibly other immune 

regulators); and (3) sufficient exposure of the mother to fetal platelets during gestation. 

Once maternal anti-platelet IgG is formed, it remains in the maternal circulation and can rapidly cross into the fetal circulation in 

subsequent pregnancies, often earlier and in higher titer. This is why subsequent pregnancies are usually affected more severely if 

the same incompatibility recurs. The anamnestic immune response leads to higher antibody levels earlier in gestation, causing more 

profound thrombocytopenia in the fetus if no prophylactic intervention is undertaken. In summary, NAIT’s immunology parallels 

other alloimmune cytopenias: transplacental IgG targeting fetal cells, but it is distinct in its frequent first-pregnancy involvement 

and multifactorial pathogenesis combining genetic predisposition and immune triggers. 

HPA INCOMPATIBILITIES AND GENETIC MARKERS 
Human Platelet Antigens (HPAs) are the molecular triggers of NAIT. HPAs are polymorphic glycoproteins on platelet membranes; 

over 40 HPAs have been identified, with around 14 known to cause NAIT of varying severity. The most clinically important 

incompatibilities involve a handful of common platelet antigen alleles. These platelet antigens are typically biallelic, defined by 

single nucleotide polymorphisms that result in a single amino acid difference on a platelet glycoprotein (often components of the 

GPIIb-IIIa or GPIb-IX complexes). If a mother is homozygous for one allele (e.g. HPA-1b) and the fetus inherits the alternate allele 

from the father (e.g. HPA-1a), the stage is set for maternal alloimmunization and NAIT. 

HPA-1a (Pl^A1) incompatibility is by far the most common cause of NAIT in populations of European descent. 

Approximately 98% of Caucasians express HPA-1a on their platelets; only 

~2% are HPA-1a negative (homozygous for the HPA-1b variant). When an HPA-1a negative mother carries an HPA-1a 

positive fetus, she can form anti-HPA-1a IgG. Anti-HPA-1a antibodies account for roughly 75–90% of NAIT cases in 

Caucasian populations, making this the single most important antigen mismatch in NAIT. HPA-1a is an epitope on the 

β3 subunit of platelet integrin GPIIIa; incompatibility at this site tends to produce severe thrombocytopenia. Indeed, NAIT 

due to anti–HPA-1a is associated with the highest risk of intracranial hemorrhage (ICH) – studies indicate ICH occurs in 

about 10–30% of cases of HPA-1a–mediated NAIT. Anti-HPA-1a antibodies are also particularly pathogenic due to the 

β3 integrin’s presence on placental trophoblast and endothelial cells, as noted earlier, contributing to more severe bleeding 

tendencies. 

HPA-5b (Br^a) incompatibility is the second most common cause of NAIT in Caucasians, responsible for roughly 5–

15% of cases. HPA-5b (also called Bra) is an allele of platelet glycoprotein Ia (integrin α2 subunit). Mothers lacking 

HPA-5b (i.e. HPA-5a homozygous) can form anti-5b antibodies if the fetus is HPA-5b positive. NAIT due to anti-HPA-

5b is generally milder than HPA-1a cases; it seldom causes antenatal ICH. Platelet counts can still be very low, but the 

risk of severe bleeding is lower relative to HPA-1a incompatibility. Many cases present with moderate thrombocytopenia 

or petechiae without major hemorrhage. Nonetheless, HPA-5b NAIT must be managed appropriately to avoid potential 

bleeding. 

HPA-3a (Bak^a) and HPA-4b (Pen^b) are other antigen mismatches that cause NAIT, though less frequently.  
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In Caucasians, anti-HPA-3a and anti-HPA-1b have been implicated in a smaller fraction of cases. HPA-3a is an epitope 

on GPIIb (αIIb subunit), and maternal anti-3a can lead to NAIT, sometimes in milder forms. HPA-4b, an allele of GPIIIa 

(distinct from HPA-1), is notable for being a leading cause of NAIT in East Asian populations. In Asians, NAIT due to anti-

HPA-1a is exceedingly rare – since virtually 100% of Asian individuals are HPA-1a positive, mothers are almost never 

HPA-1a negative. Instead, HPA-4b (also known as YUK or Pen^b) incompatibility is the most common trigger identified 

in Japanese and other East Asian cases. For example, a Japanese survey reported NAIT incidence about 1 per 2,000 births, 

with anti-HPA-4b being the predominant antibody identified. This highlights how the distribution of antigen alleles in a 

population influences the predominant causes of NAIT: each ethnic group has its own high-risk 

incompatibilities based on allele frequencies. 

Other platelet antigens: A variety of other HPAs (e.g. HPA-15, HPA-9, etc.) have occasionally been associated with 

NAIT, especially in multiparous women or those with transfusion history. 

It is worth noting that in approximately 10–20% of NAIT cases, no platelet-specific antibody is detectable in the mother’s serum. 

Some of these cases have been attributed to maternal antibodies against polymorphisms in platelet glycoprotein polymorphisms that 

are less common or poorly characterized. In other cases, the culprit may not be a platelet-specific antigen at all. Maternal antibodies 

against human leukocyte antigen (HLA) Class I (which are expressed on platelets) can cause neonatal thrombocytopenia. For 

instance, maternal anti-HLA-A2 was reported to cause NAIT in a case where the mother had a strong HLA antibody from a prior 

exposure. Such cases are relatively uncommon and typically result in milder thrombocytopenia, but they reinforce that NAIT can 

arise from non-HPA antibodies when those antibodies react with antigens on fetal platelets. ABO blood group antibodies (which 

can adsorb onto platelets) have also been implicated in rare instances, for example, a group O mother’s IgG anti-A/B could 

potentially cause platelet destruction if fetal platelets express A/B substances, though clinically this is usually very mild compared 

to HPA-mediated NAIT. 

Genetic markers and predisposition: Beyond HPA genotype, maternal genetic factors influence NAIT risk. The presence of certain 

maternal HLA class II alleles (immune response genes) can be considered a genetic marker for increased likelihood of 

immunization. HLA-DRB301:01 (DR52a) is strongly associated with the production of anti-HPA-1a antibodies. Many HPA-1a 

negative women who immunize share this allele, suggesting it presents the HPA-1a peptide effectively to T cells, enabling the 

immune response. Similarly, HLA-DRB115 and -DRB116 alleles have been studied for their relationship to other anti-HPA 

responses, though the DRB301:01 link to anti-HPA-1a is the clearest. These findings have no immediate clinical application (we 

do not routinely HLA-type pregnant women for NAIT risk), but they underscore a genetic susceptibility component. 

Another genetic consideration is paternal zygosity for the platelet antigen. In an NAIT-affected pregnancy, determining the father’s 

genotype for the implicated HPA can inform recurrence risk for future pregnancies. If the father is homozygous for the antigen (e.g. 

HPA-1a/1a), then all his children will inherit that antigen and be at risk with an antigen-negative mother. If he is heterozygous 

(HPA-1a/1b), each pregnancy has a 50% chance of inheriting the antigen (and thus being affected). This genetic information guides 

prenatal planning: for example, some couples may consider chorionic villus sampling or noninvasive fetal genotyping in subsequent 

pregnancies to see if the fetus has inherited the antigen. Fetal HPA genotyping can now sometimes be done via cell-free fetal DNA 

analysis from maternal blood (an emerging tool, although not yet widely available for all HPA types). Traditionally, amniocentesis 

or cordocentesis around 18–20 weeks could obtain fetal DNA for PCR-based HPA typing. If the fetus is antigen-negative, invasive 

interventions can be avoided; if antigen-positive, the pregnancy is managed as high risk. 

CLINICAL MANIFESTATIONS 

The clinical presentation of neonatal alloimmune thrombocytopenia can range from subtle skin findings to catastrophic intracranial 

hemorrhage. Thrombocytopenia (low platelet count) is the hallmark, and in NAIT it is often severe. Affected newborns typically 

have platelet counts well below 50×10^9/L; counts <20–30×10^9/L are common in severe cases. Such low platelets predispose to 

bleeding. Manifestations include: 

Petechiae and Purpura: Tiny red or purple spots on the newborn’s skin (petechiae), often appearing within hours of birth, 

are a classic early sign. Purpura or ecchymoses (larger bruise-like spots) may also be present. These result from minor 

hemorrhages into the skin due to the profoundly low platelet count. The newborn otherwise usually looks well (no 

dysmorphic features or organomegaly that would suggest a congenital infection or genetic syndrome). In NAIT, petechiae 

often develop within the first 24–48 hours of life (and sometimes were already present at delivery). This early timing 

distinguishes NAIT from platelet drops due to sepsis, which usually occur after 2–3 days of age when infection becomes 

fulminant. 

 

Bleeding from Minor Trauma or Procedures: Because the platelet count is so low, even routine handling or procedures 

can provoke bleeding. For example, prolonged bleeding from a heel stick or venipuncture in the newborn nursery may be 

noted. Male infants with NAIT who undergo circumcision are at risk of excessive bleeding from the surgical site. 

Cephalohematoma (a collection of blood under the scalp periosteum) may be present or develop shortly after birth, 

sometimes as a result of pressure during delivery. Cephalohematomas in an otherwise well baby should prompt a platelet 

count check. 

 

Internal Bleeding: Visceral hemorrhages can occur in severe NAIT. Gastrointestinal bleeding (e.g. blood in stool or 

vomiting blood) or pulmonary hemorrhage may be seen in some cases. These are less common than superficial bleeding 

but signify severe thrombocytopenia.  
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The liver and spleen are typically not enlarged in NAIT (distinguishing it from neonatal infections or some genetic 

thrombocytopenias), although rare massive hemorrhage in the liver could cause a subcapsular hematoma. 

 

Intracranial Hemorrhage (ICH): This is the most feared complication of NAIT. ICH can occur antenatally (in utero) or 

postnatally, and may involve intraventricular hemorrhage, intracerebral hemorrhage, or subarachnoid hemorrhage. Up to 

10–20% of diagnosed NAIT cases experience an ICH. Strikingly, the majority of these (estimates of 50–75%) happen 

before birth, often in the late second or third trimester. An antenatal intracranial bleed can manifest as fetal distress or even 

stillbirth; if the fetus survives, ultrasound might show ventricular enlargement or porencephalic cysts from brain injury. At 

birth, an infant who suffered a significant antenatal ICH may have abnormal neurologic exam (such as seizures, apnea, or 

hypotonia), or the hemorrhage might be discovered on routine neuroimaging. Postnatal ICH usually occurs in the first days 

of life (often within 72 hours) when the platelet nadir and collateral bleeding risk is highest. Clinically, it can present with 

seizures, lethargy, bulging fontanel, or apnea in the newborn. ICH due to NAIT is associated with high morbidity and 

mortality: roughly one-third of infants with ICH do not survive, and among survivors, 20–30% suffer long-term 

neurological impairments (such as cerebral palsy, developmental delay, or epilepsy). Early identification of NAIT and 

urgent intervention (platelet transfusions and/or IVIG) can mitigate the risk of postnatal ICH, and is one rationale for 

screening and prophylactic treatment in known high-risk cases. 

Stillbirth or Fetal Loss: Severe NAIT can result in fetal demise if a catastrophic bleed occurs in utero. For instance, 

massive intracranial hemorrhage can cause stroke and death of the fetus. While rare, this is a documented outcome 

especially in women with a history of previously affected pregnancies. One case series described a mother with anti-HPA-

4b antibodies who had multiple pregnancy losses (including a stillbirth) attributed to NAIT before successful treatment 

in a later pregnancy. Overall, fetal death from NAIT is uncommon, estimates suggest <5% of cases, but it underscores 

the importance of preventing antenatal hemorrhage. 

Physical Examination: Apart from skin findings and signs of bleeding, NAIT babies are typically normal in appearance. 

They have no dysmorphic features (distinguishing NAIT from congenital syndromes causing low platelets). They are 

usually born at term (unless delivered early intentionally) and often appropriate weight for age. Vital signs are usually 

normal, though anemia from bleeding may cause pallor or mild tachycardia. If an intracranial hemorrhage occurred, 

neurological exams might reveal abnormalities (e.g. asymmetric reflexes or a depressed level of consciousness). 

 

Given these manifestations, NAIT should be strongly suspected in two scenarios: (1) a healthy term neonate develops widespread 

petechiae or purpura with an isolated severe thrombocytopenia (platelet count <50×10^9/L) within the first 1–2 days of life; or (2) 

an otherwise unexplained intracranial lesion (hemorrhage, porencephaly, ventriculomegaly) is detected in utero via prenatal 

imaging. In either scenario, maternal platelet count is normal and maternal health is not impaired, helping to differentiate NAIT 

from maternal ITP (where mother has low platelets) or from congenital infections (which often have other signs in the infant like 

hepatosplenomegaly). Indeed, in the differential diagnosis of neonatal thrombocytopenia, NAIT is characterized by its early 

presentation, severity, and the absence of maternal thrombocytopenia or neonatal. Table 1 contrasts NAIT with other causes of 

neonatal low platelets: 

Condition Key Features 

Neonatal Alloimmune 

Thrombocytopenia 

Early-onset petechiae (often at birth), severe thrombocytopenia; maternal 

platelet count is normal. Can have visceral bleeds or ICH. Recurs/worsens 

in subsequent pregnancies. 

Maternal ITP (neonatal autoimmune 

thrombocytopenia) 

Mild-to-moderate neonatal thrombocytopenia (platelet often 50–

150×10^9/L); maternal history of ITP (low platelets in 

mother). Neonate’s thrombocytopenia usually self-resolves in <1 week. 

ICH is very rare (<2%). 

Congenital infections (sepsis, 

TORCH) 

Thrombocytopenia develops after 2–3 days, often moderate. The infant 

appears ill (fever, lethargy, organomegaly). Platelets improve with 

infection treatment.     

 Inherited 

thrombocytopenias (e.g. 

thrombocytopenia-absent 

radius syndrome) 

 

Persistent low platelets since birth but usually accompanied by other clues 

(e.g. limb abnormalities in TAR syndrome, or family 

history). No maternal-fetal incompatibility. 

The natural history of NAIT, if untreated, is that the neonatal thrombocytopenia will typically last 1–4 weeks until maternal 

antibodies clear from circulation. Platelet counts then normalize spontaneously as the infant’s own platelet production and survival 

return to normal. However, allowing nature to take its course is dangerous given the bleeding risk. Therefore, once NAIT is 

recognized (or strongly suspected), clinicians intervene promptly to raise the platelet count and protect the infant (see Treatment 

section). 

Additionally, when NAIT is diagnosed in one child, it has critical implications for future pregnancies, necessitating preventive 

measures as discussed later. 

 

DIAGNOSTIC APPROACHES 
Diagnosing NAIT involves demonstrating that the neonatal thrombocytopenia is caused by maternal alloantibodies against a 

paternal platelet antigen.  
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The workup proceeds along two main paths: (1) identifying a platelet antigen incompatibility between mother and father (and by 

extension, the fetus), and 

(2) detecting maternal antibodies directed against that antigen (or the paternal platelets). 

 

Initial clinical clues: In a thrombocytopenic newborn, initial lab tests will show an isolated low platelet count with normal 

coagulation parameters. It’s important to verify the platelet count on a peripheral smear (to exclude clumping or 

pseudothrombocytopenia). A maternal platelet count should be obtained, a normal maternal platelet count (~150–400×10^9/L) in 

this setting raises suspicion for NAIT over maternal ITP. A direct antiglobulin test (Coombs test) on the infant’s blood is usually 

negative in NAIT (since that tests for antibodies on RBCs, not platelets). Thus, an otherwise negative neonatal sepsis evaluation, 

negative Coombs, and isolated thrombocytopenia point toward an alloimmune process. 

Platelet antigen typing: To confirm NAIT, the laboratory will determine the HPA types of the parents (and often the infant, if 

possible). This can be done by genotyping (PCR-based DNA analysis) or phenotyping (serological assays with known antisera). 

Genotyping is commonly used, a blood sample from mother and father can be analyzed for the common HPA alleles (HPA-1, -2, -

3, -4, -5, etc.). Finding that, for example, the mother is HPA-1b/1b and father is 1a/1a (or 1a/1b) establishes an HPA-1a 

incompatibility. The newborn’s genotype can often be inferred (or directly tested via cord blood), e.g., if the father is heterozygous, 

the baby’s type confirms whether they inherited the antigen from the father. In practice, a polymerase chain reaction (PCR) assay 

using specific primers for the HPA single-nucleotide polymorphisms can quickly identify the allele status. Many reference labs 

offer a “platelet genotype panel” for suspected NAIT cases. 

Maternal antibody detection: The second prong is demonstrating that the mother’s serum contains IgG that reacts against the 

implicated antigen. Several specialized immunohematology tests exist: 

i. MAIPA (Monoclonal Antibody Immobilization of Platelet Antigens): This is a commonly used assay in NAIT workups. 

In MAIPA, paternal (or donor) platelets of a known antigen type are incubated with maternal serum. If maternal 

antibodies bind, a monoclonal antibody is used to immobilize specific platelet glycoproteins and “capture” the immune 

complexes, which can then be detected. MAIPA can identify which glycoprotein (e.g. GPIIIa vs GPIa) is targeted, 

helping pinpoint the HPA specificity. 

ii. Indirect Platelet Immunofluorescence Test (PIFT): Maternal serum is incubated with test platelets, and any bound 

IgG is detected with a fluorescent anti-human Ig. This can show the presence of platelet-reactive antibodies but is 

less specific to which antigen. 

iii. Antigen-specific ELISA or bead assays: Some labs use antigen-coated wells or bead platforms with specific platelet 

antigen peptides to capture antibodies from maternal plasma. 

iv. Crossmatch with paternal platelets: A straightforward approach is mixing maternal serum with paternal platelets (or with 

panels of typed donor platelets) and observing if there is antibody binding (via agglutination or flow cytometry). If maternal 

IgG strongly reacts to paternal platelets but not to antigen-negative donor platelets, that suggests she has alloantibodies 

against a paternal antigen. 

 

A confirmed diagnosis of NAIT typically requires satisfying both: (a) identifying a platelet antigen mismatch and (b) demonstrating 

maternal alloantibodies to that antigen. In practice, these tests are often done at specialized centers (e.g., Red Cross reference labs, 

transfusion medicine labs) since NAIT is rare. Turnaround time can be days to a couple of weeks, which is why in acute neonatal 

management one often must treat empirically for NAIT while confirmation is pending. 

For example, consider a case: A newborn is born with platelet count 15×10^9/L and petechiae; mother’s platelets are normal and 

she’s never had ITP. Lab work finds mother is HPA-1a negative, father is HPA-1a positive. Maternal serum is tested and found to 

have anti-HPA-1a antibodies. This confirms NAIT due to HPA-1a incompatibility. In another scenario, if the mother was HPA-1a 

positive (so not that), the lab might find an anti-HPA-5b or another specificity. Sometimes multiple antibodies are present (e.g., a 

mother might have both anti-HPA-5b and an anti-HLA Class I antibody); all relevant incompatibilities need assessment. 

Neuroimaging: An important part of NAIT diagnosis is evaluating for intracranial hemorrhage given its frequency and impact on 

management. Transcranial ultrasound of the infant’s head is recommended in all suspected NAIT cases (especially if platelet count 

is <50×10^9/L). Ultrasound can detect acute intraventricular hemorrhage or large parenchymal bleeds. If ultrasound is limited (or 

if the infant shows any neurologic symptoms), a CT or MRI may be warranted to fully characterize brain injury. Early identification 

of an ICH informs the urgency of raising platelet counts and whether neurosurgical consultation (for hydrocephalus from 

intraventricular hemorrhage, for example) is needed. 

Distinguishing NAIT from other causes: In the workup, ruling out other causes of neonatal thrombocytopenia is concurrent. 

Cultures and infection markers (CRP, etc.) should be checked to exclude sepsis/DIC. Maternal history is reviewed for drug exposures 

that could cause neonatal thrombocytopenia (certain medications cross placenta). Maternal ITP is ruled out by maternal CBC. If 

available, a direct platelet antibody test on the neonate’s platelets (to see if IgG is bound to them) can be done, though it’s not always 

sensitive. Usually, the combination of clinical context and the specialized tests above clarifies the diagnosis. 

Antenatal diagnosis: In families with a history of NAIT, diagnostic approaches can be applied during pregnancy. If a woman is 

known to have had a prior NAIT-affected child, she can be tested early in a subsequent pregnancy for alloantibodies and the father’s 

zygosity reviewed. Noninvasive prenatal testing of fetal DNA (if available for the HPA) or amniocentesis can determine the fetal 

antigen status by mid-pregnancy. If the fetus is antigen-negative, NAIT is not expected.  
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If antigen-positive, many centers will assume the fetus is affected (given near 100% recurrence if antigen is present) and forgo risky 

diagnostic procedures like fetal blood sampling in favor of empiric treatment (see Prevention/Treatment section). Historically, some 

protocols involved doing a fetal blood sampling via cordocentesis at around 20 weeks to directly measure fetal platelet count. 

However, cordocentesis carries ~1–2% risk of fetal loss and can precipitate hemorrhage especially if the fetus is already 

thrombocytopenic. Thus, modern practice leans toward therapeutic intervention based on history and noninvasive tests, reserving 

invasive diagnostics only if absolutely necessary (such as if there’s uncertainty or if interventions don’t seem effective and knowing 

the fetal count would change management). 

 

PREVENTION AND TREATMENT STRATEGIES 
Antenatal Management and Prevention of NAIT (Shortened) 

Management of NAIT involves two phases: antenatal prevention of fetal thrombocytopenia and postnatal treatment to safely 

raise the newborn’s platelet count. The primary goal is to prevent intracranial hemorrhage and ensure safe delivery. NAIT is one of 

the few fetal conditions where aggressive prenatal therapy is often justified. 

IVIG Therapy 

For mothers at high risk (e.g. prior NAIT-affected pregnancy or detected alloantibodies), intravenous immunoglobulin (IVIG) is 

the cornerstone treatment. Weekly doses (1 g/kg) started in mid-pregnancy improve fetal platelet counts in about 75% of cases. For 

severe prior cases, higher doses (2 g/kg) and earlier starts (12–16 weeks) are used. IVIG is well-tolerated and has significantly 

reduced antenatal complications, including fetal brain bleeds. 

Corticosteroids 

Steroids like prednisone may be added if IVIG alone is insufficient. They reduce maternal antibody production but come with side 

effects. Most experts reserve steroids for IVIG-refractory cases. 

Fetal Platelet Transfusions 

If fetal platelet levels remain critically low despite treatment, intrauterine transfusions (IUTs) using HPA-compatible (often 

maternal) platelets are considered. These are done via cordocentesis and can temporarily raise counts, though the procedure 

carries a 1–2% fetal loss risk. Therefore, it's reserved for urgent cases. 

Delivery Planning 

Elective Cesarean at 37–38 weeks is common in severe cases to reduce labor trauma and avoid intracranial bleeding. Vaginal delivery 

may be possible in low-risk cases, but forceps/vacuum use is avoided. 

Maternal Monitoring 

Regular ultrasounds monitor fetal health; platelet counts aren’t directly measurable, but signs of bleeding can be detected. Antibody 

levels offer limited predictive value but may help guide risk. 

Prevention Strategies 

Efforts are underway to develop anti-HPA-1a prophylaxis, similar to Rh immunoglobulin, to prevent maternal sensitization after 

delivery. Trials of monoclonal antibodies (e.g., RLYB212) show promise, though implementation is still in development. 

Postnatal Management of the Affected Neonate 

Once a baby with NAIT is born, immediate efforts focus on preventing hemorrhage and treating any existing bleeding. Key 

treatments include platelet transfusions and IVIG for the neonate, with additional supportive measures as needed. 

Platelet Transfusion: This is the fastest way to raise a newborn’s platelet count. The general guideline is to transfuse 

if the platelet count is <30×10^9/L even without bleeding, or 

<50×10^9/L if there are significant bleeding symptoms or an ICH. In NAIT, not just any platelet unit will do; antigen-

negative platelets should be used to ensure they are not immediately destroyed by residual maternal antibodies in the 

infant’s circulation. The optimal source is usually maternal platelets. Shortly after birth, the mother can donate a unit of 

blood or undergo plateletpheresis to collect platelets, which are then washed (to remove plasma containing the offending 

antibody) and transfused to the baby Maternal platelets will lack the antigen (e.g. 

HPA-1a) and thus survive longer in the infant. If maternal donation is not feasible or quick enough, platelets from an HPA-

compatible donor (often a rare donor registry match or maternal family member) are used. These too should be washed and 

irradiated (to prevent graft-versus-host disease). In urgent situations where no matched platelets are immediately available, 

random donor platelets may be given as a temporary measure. Interestingly, about 40% of NAIT infants will have a 

partial response even to incompatible platelet transfusions (the transfused platelets might function for a short period before 

being destroyed). Thus, if a baby is hemorrhaging and only standard platelets are on hand, one should not withhold them; 

they can stabilize the situation while awaiting antigen-negative units. The typical transfusion dose is 10-20 mL/kg of 

platelet concentrate (to target >50×10^9/L). Often just one or two transfusions of compatible platelets are enough to cover 

the period until maternal antibody levels in the infant wane. 

IVIG for the neonate: In addition to (or sometimes in lieu of) platelet transfusions, IVIG can be given to the neonate to 

neutralize the maternal antibodies and speed recovery. High-dose IVIG (1 g/kg) is administered to the baby, sometimes 

repeated on a second day. IVIG in the infant can raise platelet counts within 24–48 hours. In moderate NAIT cases without 

active bleeding, some neonatologists may opt to give IVIG and observe, reserving transfusion only if platelets remain 

<20–30×10^9/L or drop further. IVIG can also be a useful adjunct after transfusion to help sustain the platelet count. 

Neonatal IVIG is quite safe; one monitors for fluid overload or rare IVIG reactions. The combination of IVIG plus 

compatible platelets is very effective at quickly reversing thrombocytopenia. Typically, the infant’s platelet count will 

rebound over days as the maternal IgG is consumed or cleared, and by 1–3 weeks of age, platelet counts normalize 

permanently (since the infant will produce platelets that are no longer being attacked once maternal IgG disappears). 
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Corticosteroids (newborn): Occasionally, systemic corticosteroids (like prednisone or hydrocortisone) are given to the 

neonate to attenuate the immune-mediated destruction. The evidence for this is not robust, but some protocols include a 

short course of steroids if platelet counts are very low or not responding to transfusion/IVIG. Steroids may help speed up 

platelet recovery by reducing reticuloendothelial uptake of antibody-coated platelets. However, given the potential side 

effects in a newborn (hyperglycemia, infection risk), steroids are not universally used. The mainstay remains transfusions 

and IVIG for the baby. 

Adjunctive and supportive care: All NAIT-affected neonates should be handled with care to avoid trauma. 

Intramuscular injections (e.g. IM vitamin K) should be minimized or given after platelets are corrected, to avoid muscle 

hematomas. The nursery should use padding for any equipment like blood pressure cuffs. If the infant had an intracranial 

hemorrhage, management is in line with NICU neurocritical care protocols: neurosurgery consult if needed, head imaging 

follow-ups, and avoiding interventions that might worsen bleeding. Neuro-monitoring is crucial – seizure precautions 

and perhaps an EEG if an ICH occurred. If bleeding occurred (e.g., significant ICH or pulmonary hemorrhage), additional 

measures like ventilatory support, blood transfusion (for anemia) or coagulation factor support might be necessary. But 

these are 

case-by-case. 

Outcome monitoring: The platelet count should be checked at least daily until stable rising trends are seen. Often, NAIT 

babies will need a few days of support. They should undergo a head ultrasound (if not already done) to ensure no subclinical 

ICH. Parents are advised that the thrombocytopenia is temporary; once treated, the baby’s own platelet production is 

normal (since the baby’s megakaryocytes are intrinsically fine – it was the antibodies causing the issue). Thus, unlike 

congenital thrombocytopenias, NAIT has no chronic platelet problem after the neonatal period. 

 

2023–2025 Incidence, Global Distribution, and Outcome Data 

Recent advancements between 2023 and 2025 have deepened the understanding of Neonatal Alloimmune Thrombocytopenia 

(NAIT), particularly regarding its incidence, geographic distribution, and outcomes. Although NAIT is considered a rare condition, 

its actual incidence is likely underestimated due to missed diagnoses in milder cases. Epidemiological studies now estimate NAIT 

occurs in approximately 1 in every 1,000 to 1,500 live births, with varying prevalence across regions and populations. 

A significant contributing factor to incidence variability is the distribution of Human Platelet Antigen (HPA) alleles. In Western 

populations, especially among individuals of European descent, HPA-1a incompatibility is the predominant cause, primarily due to 

the relatively high frequency of HPA-1a negative mothers. Conversely, in East Asian populations, where HPA-1a negative 

phenotypes are rare, NAIT is less common and typically caused by incompatibilities such as HPA-4b. For example, in Japan, the 

overall incidence is closer to 1 in 2,000 births, but HPA-4b-driven cases are disproportionately represented among the affected. This 

antigen-specific variation reinforces the need for region-specific strategies when considering future screening or prevention efforts. 

Several countries have piloted population-based screening programs with encouraging results. Norway’s early 2000s screening 

study involving 100,000 pregnant women identified mothers at risk due to HPA-1a incompatibility and used maternal antibody titers 

to guide treatment decisions. This approach demonstrated a reduction in NAIT-related morbidity and mortality, sparking renewed 

interest across Europe. A more recent 2024 Dutch cost-effectiveness analysis proposed a “conditional screening” approach—testing 

only HPA-1a negative women, then assessing for anti-HPA-1a antibodies. Only those with high antibody titers or a history of 

previously affected infants would receive antenatal interventions. This approach balances the ethical and financial concerns of 

universal screening with the clinical benefits of early identification and treatment. 

The 2025 international Delphi consensus among 59 maternal-fetal medicine and hematology experts supported such targeted 

screening. The panel emphasized that HPA-1a remains the principal target for any future programs and that antibody titers should 

be used to stratify risk. There was also a shift in clinical emphasis—from merely preventing intracranial hemorrhage (ICH) to also 

addressing severe thrombocytopenia at birth, which can cause bleeding even in the absence of ICH. 

Outcomes for NAIT-affected infants have improved markedly due to advancements in antenatal and postnatal care. Historically, 

ICH occurred in as many as 20–25% of affected first pregnancies, often with devastating neurological consequences. However, 

current treatment protocols—particularly the use of weekly intravenous immunoglobulin (IVIG) therapy beginning in the second 

trimester—have reduced ICH rates to less than 10% in treated pregnancies. A 2022 article in the American Journal of Obstetrics 

and Gynecology reported that ICH is now “infrequent” among infants whose mothers were managed under contemporary 

guidelines. 

Overall survival rates have exceeded 90% for NAIT-affected newborns, with most infants recovering quickly when appropriately 

treated with antigen-negative platelet transfusions and IVIG. Recurrence prevention in future pregnancies—often with the same 

partner—is also significantly more effective due to improved maternal-fetal monitoring and timely intervention. However, residual 

challenges remain. 

Longitudinal follow-ups of infants who experienced severe hemorrhagic complications indicate that up to 60–80% may develop 

long-term neurological issues, such as cerebral palsy, epilepsy, or cognitive impairments. 

Emerging research has also begun exploring the subtler neurodevelopmental consequences of NAIT, even in infants who did not 

suffer from overt bleeding. A 2024 study presented at the American Society of Hematology (ASH) found a higher incidence of 

neurodevelopmental concerns, including autism spectrum disorders and language delays, in children with a history of NAIT. While 

these findings are still under investigation and primarily based on parent-reported screening tools, they highlight the potential need 

for neurodevelopmental screening in all NAIT survivors—regardless of apparent severity at birth. 
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Globally, awareness and diagnosis of NAIT are steadily improving. While the World Health Organization (WHO) has not issued 

condition-specific guidelines, several national health systems have stepped up education and research efforts. The UK’s NHS Blood 

and Transplant service and Canada’s Blood Services now include professional training modules on NAIT diagnosis and 

management. In the United States, the National Institutes of Health (NIH) and the Centers for Disease Control and Prevention (CDC) 

have supported research into both diagnostic techniques and therapeutic innovations, including monoclonal antibodies targeting 

HPA-1a. These efforts reflect a growing recognition that rare diseases like NAIT require both specialized care and broader awareness 

among general obstetric and neonatal providers. 

The 2025 Delphi consensus further clarified best practices, establishing clear recommendations on several fronts. These include 

initiating IVIG therapy (1g/kg/week) by 12–20 weeks in high-risk pregnancies, avoiding routine invasive procedures like 

cordocentesis unless absolutely necessary, and planning delivery—usually via Cesarean section, around 37–38 weeks to minimize 

trauma. There was also strong agreement that antigen-matched platelet transfusions, ideally available at the time of birth, 

significantly improve outcomes over random donor platelets. 
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