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Abstract

Ever since anti-D immunoglobulins have been given to all RhD-negative pregnant women, the
most common cause of haemolytic disease of the newborn is ABO feto-maternal incompatibility.
Haemolysis of erythrocytes is caused by the anti-A or anti-B IgG class antibodies that cross the
placenta and destroy the foetal and neonatal erythrocytes. The disease presents with haemolyt-
ic anaemia, severe early jaundice and splenomegaly. Since ABO antigens may also be expressed
on platelets and other tissues, anti-A and anti-B antibodies may in rare cases also cause throm-
bocytopenia. In the article, we describe a clinical case of a full-term newborn girl with blood
group A, RhD positive, Kell negative, who presented with haemolytic anaemia and thrombocyto-
penia. The blood group of her mother was O, RhD positive, Kell negative. On admission the new-
born girl was subicteric, while the laboratory values at the age of 100 hours were as following:
haemoglobin 152 g/L, platelets 44 x 10°/L, bilirubin 254 umol/L and direct bilirubin 10.6 pmol/L.
Direct Coombs test was positive and anti-A I1gG antibodies were present. Treatment with photo-
therapy lowered the levels of bilirubin. Because of a low platelet level, we obtained the mother’s
platelet level, which was normal. We performed HPA genotyping of the mother and the newborn
girl, and we did not find any mismatch. Direct test of the patient’s platelets for antibodies was
negative. We did not confirm platelet-specific antibodies (HPA and HLA). Platelet number rose
spontaneously. At the last check-up we noticed neutropenia, which was no longer present at 4
and a half months of age.
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1 Introduction

Even since the introduction of Rh
factor screening test to protect RhD-
negative pregnant women with anti-D
antibodies, the most common cause of
the Haemolytic Disease of the Newborn
(HDN) is ABO mismatch between
the foetus and the mother, and is of-
ten accompanied by heavy early jaun-

dice, anaemia and splenomegaly (1,2).
ABO incompatibility causes a range of
Haemolytic Disease of the Newborn
(HDN) symptoms, with some newborns
displaying little or no signs to some hav-
ing HBN with prominent signs (3).In the
embryo, antigens are expressed by red
blood cells already from 5 to 7 weeks ges-
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tation. While the production of anti-A
and anti-B antibodies has been prov-
en during pregnancy, they are general-
ly not present at birth. Between 30 and
34 weeks gestation, half of the foetuses
have detectable values of anti-A and
anti-B antibodies, which is not linked
to the maternal blood group (BG) (4).
After being exposed to environmental
antigens, which are similar to ABO an-
tigens, the baby begins to produce ABO
antibodies sometime between 3 and
6 months of age, depending of their ge-
netic makeup. Adult ranges are reached
at the age of 2 years (4,5). Persons with
A or B BG produce anti-A or anti-B an-
tibodies, predominantly of the IgM type,
and some IgG and IgA, while persons
with O blood group mostly produce IgG
antibodies, and a lesser share of IgM and
IgA (5). Toward the end of pregnancy,
IgG anti-A or anti-B antibodies of the
mother pass through and attach to the
foetal or newborn’s antigens on the red
blood cells, causing haemolysis (3). ABO
antigens are not only expressed on the
membranes of the red blood cells but on
most epithelial and endothelial cells. In
soluble form, they are also present in all
body fluids, except the CSE. Their pres-
ence on platelets, B- and T- lymphocytes
is due to the absorption of ABO antigens
from plasma (5). Therefore, in rare cas-
es, anti-A or anti-B antibodies can also
cause the breakdown of the newborn’s
platelets and thereby thrombocytope-
nia (6,7).

We are presenting a rare clinical case
of HDN due to ABO incompatibility be-
tween the mother and the newborn, who
was treated for severe early jaundice,
mild anaemia and severe thrombocyto-
penia.

2 Clinical case

The girl was born after a normal
pregnancy at 39 weeks and with normal
measurements  (10"-50" percentile):
weighing 2890 g, and measuring 50 cm,
with head circumference of 33cm.
During pregnancy, the mother under-
went several screening tests: indirect
Coombs test (ICT) was negative, as were
toxoplasmosis, syphilis and Hepatitis
B tests. The mother had O blood type,
was RhD positive and Kell negative.
The delivery was vaginal. One minute
and ten minutes after birth, the girl re-
ceived an Apgar score of 9 and 10, re-
spectively. Thirty hours after birth, the
girl became jaundiced. Haemoglobin
levels determined by laboratory testing
at the regional hospital 30 hours after
birth were 159 g/L (normal range at one
day of age 145-225g/L, three days 165-
207 g/L, one week 135-215 g/L, two weeks
134-198 g/L, four weeks 107-171 g/L); re-
ticulocytes 245x10°/L (normal range:
51-110 X 10°/L),  platelets 99 x 10°/L
(normal range: 144-449 x10°/L), total
bilirubin 199 pumol/L (normal range: <
197 umol/L),direct bilirubin 10.2 umol/L.
The girl’s blood group was A, RhD pos-
itive and Kell negative. Direct Coombs
test (DCT) was positive, with anti-A
IgG antibodies. The girl required photo-
therapy for hyperbilirubinemia. Due to
severe early jaundice, mild anaemia and
moderate thrombocytopenia the girl
was transferred to the Department of
Neonatology of the University Children’s
Hospital in Ljubljana for further diagno-
sis and treatment.

Upon admission, the newborn was
subicteric and had bilateral subconjunc-
tival haemorrhage. Other clinical sta-
tus was normal. In accordance with the
BIND (bilirubin induced neurologic dys-
function) scoring system, she received a 4
score for acute bilirubin encephalopathy.
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Upon admission at the age of 100 hours,
the laboratory results were as follows:
leukocytes 6,6 x10°/L, haemoglobin
152g/L, platelets 44x10°/L, reticulo-
cytes 126 x 10° g/L (2.8 %, normal range:
3—7 %), IRF (immature reticulocyte frac-
tion) 8.3% (normal range: 14,5-24,6 %),
RDW (red blood cell distribution width)
15.8 %, segmented neutrophils 24 %, ab-
solute neutrophil count (ANC) 1584/
mm’, total bilirubin 254 pmol/L (normal
range: < 205 pmol/L) and direct biliru-
bin 10,6 umol/L. Electrolytes were with-
in the normal range. Venous blood gas
analysis value of carboxyhaemoglobin
(COHb) determined by CO-oximetry
was 1.8 % (normal range 0.5-1.6 %). Due
to non-conjugated hyperbilirubinemia,
she required 16 hours of phototherapy
again at the age of four days, and the
bilirubin fell accordingly. There were no
signs of a new bleed. Abdominal ultra-
sound showed no splenomegaly or inter-
nal haemorrhaging. A head US was also
performed. Bilateral striate vasculop-
athy was visible and a small cyst in the
caudothalamic groove right; there were
no signs of intracranial haemorrhage.
Because of thrombocytopenia, we ob-
tained the mother’s blood count, where
platelet count in peripheral blood was
normal (350 x10°/L). The mother and
the newborn were HPA- genotyped but
no incompatibility was identified (HPA
genotype of the newborn and the moth-
er: HPA-1 A/A, HPA-2 A/B, HPA-3 A/A,
HPA-4 A/A, HPA-s A/A, HPA-6 A/A,
HPA-9 A/A, HPA-15 A/B). The direct test
for platelet antibodies was unclear the
first time. Therefore, the test was repeated
and was negative. Platelet-specific HPA
antibodies, analysed using immunofluo-
rescence technique, and HLA antibodies
analysed using polymerase chain reac-
tion using sequence-specific primers,
PCR-SSP), were not confirmed. On re-
lease at the age of 9 days, the laborato-
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ry results were as follows: total bilirubin
201 umol/L, direct bilirubin 21 umol/L,
leukocytes 10.4x10°/L, haemoglobin
147 g/L, reticulocytes 22.4 x 10°/L (0.5%),
RDW 15.6%, platelets 105 x 10°/L, MPV
1.3 fl, segmented neutrophils 24%,
ANC 2496/mm°. Platelet numbers rose
spontaneously. While at the ward, the
girl was breastfed and had sufficient
amount of weight gain. Defecation and
urinary elimination were normal. At
her last check-up at the age of 6 weeks,
the girl had no problems. Physical and
neurological statuses were optimal. In
the lab report, the haemoglobin count
was 106 g/L, platelets 263 x 10°/L, retic-
ulocytes 59x10° (1.29 %), leucocytes
6.5 x10°/L, segmented neutrophils 9 %,
ANC 660/mm’ (normal range: > 1500/
mm’). As neutropenia was observed
during the last examination, the girl had
a follow-up examination in the haema-
tological-oncological office at the age of
four months and a half when neutrope-
nia was no longer present.

3 Discussion

The newborn in the presented case
had severe early jaundice, which is the
most common reason for extended hos-
pitalisation of newborns (8). Yellowing
of the skin and mucous membranes is
due to the elevated level of bilirubin in
the blood - hyperbilirubinemia. This can
be caused by excessive bilirubin produc-
tion, which can be the result of haemol-
ysis or the breakdown of red blood cells
following bleeding (e.g. haematoma),
reduced conjugation of bilirubin or in-
sufficient secretion of bilirubin from the
body (9). Haemolysis of newborn’s red
blood cells can cause the breakdown or
fatigue of red blood cells, which over-
burdens the liver with bilirubin, as they
are not capable of sufficient conjugation.
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HDN is caused by alloimmune an-
ti-A and anti-B antibodies of the IgG
type passing through the placenta to the
foetal circulation where they will attach
to the antigens on the red blood cells,
causing the breakdown of the new-
born’s red blood cells in the spleen and
thereby anaemia and unconjugated hy-
perbilirubinemia. The most potent IgG
subtypes are IgG1 and IgGs3. Transfer via
the placenta is mediated by Fc receptors
from the second trimester to birth; sub-
type IgGu is transported via the placenta
earlier and in greater quantity (3). HDN
should be considered with quickly devel-
oping or severe early hyperbilirubinemia
with a negative ICT in the mother, pos-
itive ICT in the mother and/or signs of
foetal hydrops or signs of anaemia in the
newborn, positive DCT in the newborn,
haemolysis found on the blood smear or
long-lasting hyperbilirubinemia (10).

Until the introduction of protection
of RhD negative pregnant women with
anti-D immunoglobulin in 1969, the
most common cause of HDN was in-
compatibility in the RhD status. Today,
because all RhD negative pregnant
women are systematically administered
anti-D immunoglobulin at 28 weeks of
pregnancy, HDN is rarely caused by this

incompatibility (1,3,11). With the intro-
duction of prenatal genotyping of foetal
DNA from the mother’s venous blood
between 25 and 26 weeks of gestation,
the protective dose of anti-D immuno-
globulins will be administered only to
pregnant women with RhD positive foe-
tuses (1). The new antenatal protection
programme was approved by the Medical
Council of the Ministry of Health of the
Republic of Slovenia, and the legislator
published the Rules Amending the Rules
on Blood Transfusion Examinations and
Procedures (Official Gazette of the RS
no. 32/2018), which provides the basis for
implementing the programme. Today,
the most common cause of HDN in the
developed world is the incompatibili-
ty of the ABO blood groups (2). While
ABO incompatibility appears in 15-20 %
of all materno-foetal pairs, HDN devel-
ops only in 1% of these. In most cases of
HDN, the mother has O blood group,
while the child most often has A blood
group (1/150 births), and rarely B (3). The
naturally present anti-A and anti-B an-
tibodies in the mother are most often of
the IgM type, which do not pass through
the placenta. IgG antibodies can also be
produced due to exposure to some en-
vironmental antigens in food, bacteria

Table 1: Examinations conducted for confirming hemolysis with a newborn (summarized from

Mitra and Rennie, Porter and Dennis) (8,9).

Tests confirming increased breakdown of

red blood cells orincreased haemoglobin
metabolizing.

Concentration of haemoglobin.
Concentration of bilirubin.
Partial CO pressure in exhaled air.

Share of carboxyhaemoglobin, measured in % with
CO-oximetry.

Hemoglobinuria with absence of hematuria.

Tests confirming compensatory increased
erythrocyte production

Reticulocytosis.
Increased immature reticulocyte fraction (IRF).
Increased red blood cell distribution width.

Immature red blood cellsin blood smear
(normoblasts, erythroblasts).

IRF (immature reticulocyte fraction), RDW (red blood cell distribution width).
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and viruses. Therefore, HDN can oc-
cur already in the first pregnancy (12).
Because A and B antigens on the surface
of foetal red blood cells are less devel-
oped, clinical presentation of HDN due
to anti-A or anti-B incompatibility is
usually milder than HDN due to anti-D
incompatibility. The newborn is often
only hyperbilirubinemic, and rarely also
anaemic (3). Diagnosis is made based
on examinations confirming excessive
breakdown of the red blood cells, and
test confirming compensatory increase
in the production of the red blood cells
(Table 1) (12,13). Specific transfusion tests
confirm the immunological cause of
haemolysis. The mother is tested for BG
and ICT, while the child is tested for BG,
DCT and Lui elution technique. When
the results are negative, ICT may be per-
formed (2,10,14). HDN aetiology can be
explained by antibody specification (2).
Lui elution technique is used when
DCT is negative and HDN is suspected.
Anti-A or anti-B antibodies are removed
from the membranes of the newborn’s
red blood cells by quickly changing the
temperature from -30 °C to + 37 °C, then
red blood cells with A or B antigens are
added. Agglutination proves the pres-
ence of specific antibodies (2,14,15). In
case of ABO incompatibility, ICT will be
negative, as HDN is caused by naturally
present antibodies. Crossmatch between
the newborn’s plasma and reactive red
blood cells of a known BG may also be
positive. HDN treatment focuses in par-
ticular on lowering hyperbilirubinemia
in order to prevent acute and chronic
encephalopathy or kernicterus spec-
trum disorder (KSD), which can have a
milder or more severe clinical presenta-
tion. In the most severe cases, the child
has dystonia, choreoatethosis, paresis of
the upward gaze, hearing impairment
and enamel dysplasia, as unconjugat-
ed bilirubin passes through the blood-
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brain barrier and is neurotoxic (16).
Hyperbilirubinemia is first treated by
intensive phototherapy and appropriate
hydration of the newborn. In more se-
vere haemolysis and hyperbilirubinemia,
exchange transfusion is needed. ABO in-
compatibility is the most common cause
of exchange transfusion (1718). HDN
can also be treated with intravenous im-
munoglobulins, which reduce the need
for phototherapy and exchange trans-
fusion but not for the transfusion of the
red blood cells (3). If anaemia presents
during pregnancy, intrauterine transfu-
sion is needed (10).

In case of HDN and negative DCT,
differential diagnoses include abnormal
membrane of red blood cells (heredi-
tary spherocytosis), enzymatic shortage
in red blood cells (glucose-6-phosphate
dehydrogenase or pyruvate kinase defi-
ciency) and thalassemia (10).

The clinical presentation and the lab-
oratory results of the newborn in ques-
tion were consistent with HDN. ABO
blood group incompatibility between
the girl and the mother was found: the
mother had O BG, while the girl had A
BG. The immune cause of haemolysis
was confirmed with a positive DCT in
the girl and the presence of IgG anti-A
antibodies. As expected, the ICT in the
mother was negative. The girls was treat-
ed with intensive phototherapy, after
which the bilirubin count dropped ac-
cordingly.

In addition to anaemia and uncon-
jugated hyperbilirubinemia, the girl had
thrombocytopenia. Neonatal thrombo-
cytopenia is rare, with a prevalence of
0.9% (19). Neonatal thrombocytopenia
may be early onset, presented in the first
72 hours of life, or late onset, presented
after the first 72 hours (20). The most
common cause of severe thrombocyto-
penia (platelets <50 x10°/L) in healthy
newborns is foetal and neonatal allo-
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immune thrombocytopenia (FNAIT)
(27%) (19,21). Like with HDN, FNAIT
occurs due to the transfer of alloimmune
antibodies via the placenta, which then
attach to platelet antigens inherited by
the foetus from the father. The report-
ed prevalance of FNAIT is 1/1000-2000
live births (6,19,22). Maternal allosensi-
bilisation may occur during pregnancy
or platelet transfusion. FNAIT may oc-
cur in the first pregnancy, and is more
severe with every subsequent pregnan-
cy. Sensibilisation is caused by specific
human platelet antigens, which are ex-
pressed on the surface of platelets from
16 weeks of gestation and are also ex-
pressed on placenta’s trophoblasts. There
are 35 different platelet antigens; FNAIT

Table 2: Differential diagnosis of thrombocytopenia with a newborn by

time of onset (18).

Early thrombocytopenia

Late thrombocytopenia.

« Alloimmune.

+ Autoimmune.

+ Congenital infections (CVM, toxoplasmosis,
rubella virus, HIV).

+ Hereditary (the Wiskott-Aldrich syndrome, TAR,
CAMT).

« Placental insufficiency (preeclampsia,
diabetes).

« Perinatal affixation.

« Disseminated intravascular coagulation (DIC).

« Aortal or renal vein thrombosis.

+ Congenital leukemia.

+ The Kasabach-Merrit syndrome.

+ Metabolic disorders (propionic and
methylmalonic acidemia).

+ Trisomy13,18,21.

« Premature birth.

+ Growth restriction.

+ Sepsis.

+ Non-necrotizing enterocolitis.

+ Congenitalinfections (CVM, toxoplasmosis,
rubella virus, HIV).

« Hereditary (TAR, CAMT).

+ Autoimmune

+ The Kasabach-Merrit syndrome.

+ Metabolic disorders (propionic and
methylmalonic acidemia).

+ Inconnection with medication.

TAR (thrombocytopenia without radius), CAMT: (congenital amegacaryotic

thrombocytopenia).
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is most often caused by anti-HPA-1a
antibodies (80-90%). The second most
common antibodies are anti-HPA-5b
(10-15 %) (19,22). Incidence of HPA-
1a negative persons among Caucasians
is 2.5%. Only 10% of HPA-1a negative
pregnant women with HPA-1a positive
foetus will develop anti-HPA-i1a anti-
bodies. The development of antibodies
is significantly linked to the presence of
HLA-DRB3*o101 antigen, which is pres-
ent in a third of all HLA-1a negative per-
sons (4,16). As many as 90% of pregnant
women who produce antibodies have
HLA-DRB3*o101 antigen (22). FNAIT
can also be caused by the transfer of au-
toimmune antibodies in the mother with
primary immune thrombocytopenia
(ITP) (22).

In very few cases reported in liter-
ature, FNAIT is caused by anti-A and
anti-B, and anti-HLA-A in anti-HLA-B
antibodies (6). A small amount of A and
B antigens is expressed on the surface
of platelets. Some 7% of the population
with A BG and 5% of people with B BG
is supposed to have more than 2 SD of
A or B antigens on the surface of plate-
lets (even up to 20,000) (6,7). In a re-
ported case, 2 children from the same
family, with B BG and highly expressed
B antigen on platelets, had severe throm-
bocytopenia due to foetomaternal ABO
incompatibility (the mother’s BG was O,
specific platelet antibodies were not con-
firmed) (23). The third child born to the
same mother had A BG and did not suf-
fer from thrombocytopenia. The father
of the children and both children with B
BG had platelets with highly expressed
B antigens, which may lead to the break-
down of platelets even if there are an-
tibodies against A and B antigens (7).
Differential diagnoses to thrombocyto-
penia in neonates is presented in Table 2.

FNAIT may or may not be accom-
panied by bleeding diathesis (petechi-
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ae, haematoma, bleeding from mucous
membranes, retinal haemorrhage, gas-
trointestinal bleeding or, more rarely,
bleeding from the unirary tract) (22).
Intracranial bleeding occurs in 10-
26 % of cases, and is a rare but serious
and potentially fatal complication of
FNAIT (22). Intracranial bleeding as-
sociated with FNAIT is most frequent-
ly observed in the temporal lobe. Most
frequently, it occurs antenatally (80 %),
while postnatally the greatest proba-
bility of intracranial bleed is in the first
96 hours after birth (6,22). Laboratory
findings only indicate thrombocytope-
nia, which reaches a nadir in the first
48 hours, then resolves spontaneously in
2 to 6 weeks.

Treatment of thrombocytopenia
depends on the severity and clinical
presentation. Platelet transfusion is
performed if platelet count is under
30 x10°/L or under 50 x 10°/L if associ-
ated signs include bleeding diathesis or
other disease (21,24). Even if the donor’s
platelets are not compatible with the
mother’s antibodies, a transfusion rais-
es the platelet count at least temporarily,
reducing the probability of bleeding (6).
If possible, the mother’s platelets or the
platelets of HPA-1a negative donors are
used, or multiple-donor units can be
used (21). To extend the survival of plate-
lets, the newborn may be prescribed in-
travenous immunoglobulins at the dose
of 0.4 g/kg/day for 2-5 days (6).

In the presented case, specific platelet
antibodies (HPA, HLA) were not con-
firmed. The mother and the newborn
were HPA genotyped but incompatibil-
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ity was not confirmed. In addition, the
newborn’s mother did not have throm-
bocytopenia, which excluded the pres-
ence of autoimmune antibodies in case
of potential ITP in the mother. By tak-
ing into account examination results,
thrombocytopenia in the newborn was
most likely due to the presence of an-
ti-A antibodies and their attachment to
A antigen on platelets. The girl did not
require treatment. Thrombocytopenia
spontaneously resolved in 6 weeks.
Neutropenia that was diagnosed in
our case may accompany HDN in as
many as 45% of cases. It is caused by
erythropoesis in the bone marrow and
does not depend on the level of HDN,
treatment or specific antibodies, and
usually resolves spontaneously (25).

4 Conclusion

There are few reported clinical cases
of a newborn who developed haemolitic
anamia and thrombocytopenia due to
ABO BG incompatibility, which is pre-
sented in this article. Haemolitic anamia
and thrombocytopenia are caused by the
transfer of maternal antibodies of IgG
type, which are directed against A or B
antigens inherited by the foetus from
the father and are presents both on the
red blood cells and platelets. After ruling
out other causes of thrombocytopenia,
FNAIT caused by the presence of anti-A
and anti-B antibodies should be consid-
ered.

The girl's parents agreed with the
publication of their case.
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