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Abstract 
Next to A and B antigens, agglutinogen D exhibits the highest immunogenicity. Following the transfusion of D-positive red blood cells (RBCs), 
almost 80% of D-negative recipients develop anti-D antibodies (Abs). Subsequently, anti-D immunization further promotes the synthesis of Abs 
towards other blood group antigens in or outside the Rh system. The D antigen is also involved in 95% of cases of hemolytic disease of the 
newborn. Transfusions, hemotherapy, grafts, and obstetric history (abortions, ectopic pregnancy, births) are all risk factors for Rh isoimmunization. 
In the case of ABO compatibility between mother and fetus, Rh-positive fetal RBCs that have reached the maternal bloodstream are not 
destroyed by group agglutinins, and Rh antigenic sites are not hidden by the maternal immune system. But a Rh-negative mother with a 
homozygous Rh-positive husband will certainly have a Rh-positive fetus. As it has an irreversible evolution, the Rh isoimmunization once 
installed cannot be influenced in the sense of decreasing the Ab titer, therefore, injectable globulin has no effect. A particular case was that 
of a newborn with Rh system incompatibility associated with hereditary spherocytosis The clinical balance at birth reflects the severe jaundice 
of the female newborn of 3140 g, gestational age 38/39 weeks, extracted by lower-segment transverse Caesarean section, with a double 
loop nuchal cord, Apgar score 8. Because the jaundice was severe and atypical (face and upper chest), we considered the possibility of 
coexistence of hemolytic disease of the newborn by Rh blood group incompatibility associated with hereditary spherocytosis, as it turned out 
to be true and mentioned. Changes in genes encoding proteins in the structure of the RBC membrane have amplified hemolysis induced by 
maternal–fetal isoimmunization in the Rh system. Massive hemolysis accentuated by congenital spherocytosis, confirmed later, imposed blood 
transfusion and dynamic monitoring. 
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 Introduction 
Hereditary spherocytosis is the most common type of 

chronic hemolytic anemia caused by a membrane defect 
found mostly in Caucasians, a condition in which genetic 
mutations are transmitted autosomal dominantly in 75% of 
cases. It leads to the synthesis of deformed, spherical red 
blood cells (RBCs), characterized by low osmotic resistance, 
splenic sequestration and increased autohemolysis [1, 2]. 

Maternal–fetal isoimmunizations are pathological 
conditions in which the pregnant woman is sensitized and 
produces isoantibodies against fetal blood antigens, the most 
frequently incriminated being the Rh system. Sensitization 
during pregnancy occurs when a Rh-negative pregnant 
woman is exposed to the D antigen present on the fetal 
RBCs, the Rh being transmitted through the paternal line, 
in autosomal dominant manner. At first contact with the 
D antigen, high molecular weight immunoglobulin M 
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(IgM) antibodies (Abs) are formed, which do not cross the 
placental barrier and cannot affect the fetus. At a second 
exposure, the mother develops a very rapid “amnestic” 
immune response that induces the synthesis of IgG-type 
Abs, with small molecule weight that cross the placental 
barrier [3]. Once the process of Ab synthesis is initiated, 
its evolution is irreversible. Each subsequent pregnancy 
with Rh-positive fetus, triggers an increasing synthesis of 
maternal anti-Rh Abs [4, 5]. The association of hereditary 
spherocytosis with Rh incompatibility amplifies the antigen–
Ab conflict in the fetal organism and leads to pathological 
conditions, such as hemolytic disease of the newborn, fetal–
placental anasarca, miscarriage, or even intrauterine death 
of the fetus. 

The peculiarity of our report was the frequency of 
spherocytes on the blood smear of the newborn associated 
with an increased titer of anti-D Ig Abs. Severe hemolysis 
leads to hypoxia and the accumulation of large amount of 
bilirubin, which can cause jaundice, brain damage, paralysis, 
blindness, deafness, and intellectual development disorder. 

Aim 

The aim of this study was to analyze the impact of 
hemolytic disease on antepartum development and post-
partum and to highlight the need for general prophylaxis 
measures for hemolytic disease of the fetus and newborn 
(genetic counseling, phenotyping of ABO and Rh blood 
group) as prenuptial examination. 

 Patients, Materials and Methods 
The study included 48 Rh-negative pregnant women with 

Rh-positive husbands, who were registered at the Filantropia 
Municipal Hospital, Craiova, Romania, during 2015–2021 
and the 48 newborns who underwent clinical examination 
and paraclinical investigations: blood count, Rh and ABO 
blood groups, count of reticulocytes, biochemical assays 
[bilirubin, aspartate aminotransferase (ASAT), alanine amino-
transferase (ALAT), creatinine], imagistic explorations. 

Hematological, immunological, and biochemical 
investigations were performed according to the working 
techniques corresponding to the reagent of the manufacturing 
company. 

The pregnant woman was constantly monitored through 
medical imaging techniques, and at birth the placenta was 
sent to the Department of Pathology for the histopathological 
(HP) examination. 

Most pregnant women were medically monitored by 
constantly determining the titer of anti-Rh Abs, hematological 
tests [complete blood count (CBC)], coagulation tests [Quick 
time (QT), international normalized ratio (INR), activated 
partial thromboplastin time (APTT), fibrin monomer test 
(FMT), fibrin degradation products (FDPs)], biochemical 
tests, ultrasound (US) and cardiotocographic examinations. 
Five of the newborns were diagnosed with hemolytic anemia, 
and three with severe jaundice due to Rh incompatibility. 
A particular case was represented by a 25-year-old patient 
diagnosed with hereditary spherocytosis and Rh iso-
immunization. 

 Case presentation 
The massive destruction of fetal RBCs is proportional 

with the concentration of maternal Abs, which in turn 

depends on the amount of fetal blood transfused to the 
mother (Table 1; Figures 1 and 2). Damage to fetal RBCs 
can range from minimal alteration to massive destruction. 

Table 1 – Titer of anti-Rh Abs in the 48 pregnant women 
studied 

Titer of 
anti-Rh 

Abs 

Absent 
anti-Rh 

Abs 

1/2 
Titer 

1/4 
Titer 

1/8 
Titer 

1/16 
Titer 

1/32 
Titer 

1/64 
Titer 

1/128 
Titer 

Negative 
Rh 

pregnant 
women 

34 2 1 0 3 5 2 1 

Abs: Antibodies. 

 
Figure 1 – Titer of anti-Rh antibodies in pregnant 
women. 

 
Figure 2 – Forms of manifestation of hemolytic disease 
in newborns. 

We are presenting the case of a newborn whose first 
clinical manifestation was an acute hemolytic crisis, a newborn 
with fetal–maternal incompatibility in the Rh system and 
a family history of hereditary spherocytosis. The mother 
of the newborn, diagnosed with constitutional hemolytic 
anemia (hereditary spherocytosis), had been splenectomized 
since she was 4 years old. Maternal paraclinical investigations 
confirmed hereditary spherocytosis, A(II) blood group, 
negative Rh and the presence of anti-Rh Abs in an increased 
titer of 1/128. 

The newborn’s blood smear illustrated leukocytosis with 
neutrophilia and a deviation to the left of the leukocytic 
formula, an abundance of RBCs precursors in the blood 
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stream (56 077 erythroblasts/mm3), as well as morphological 
changes of the RBC series, presence of spherocytes and a 
22% accentuated reticulocytosis (Figures 3–6). Laboratory 
investigations performed initially, postpartum, revealed: 
RBCs 2 040 000/mm3, hemoglobin (Hb) 9.6 g/dL, hematocrit 
(Ht) 28.1%, mean corpuscular volume (MCV) 137.1 fL, 
mean corpuscular Hb (MCH) 47.2 pg, mean cell Hb 
concentration (MCHC) 34.4 g/dL, leukocytes 16 022/mm3, 
severe erythroblastosis (350 basophilic, polychromatophilic, 
oxyphilic erythroblasts per 100 leukocytes), ASAT 79 IU/L, 
ALAT 17 IU/L, increased urobilinogen, total bilirubin 
11.48 mg/dL, with predominance of indirect fraction 
(10.45 mg/dL), A(II) blood group, Rh-negative. 

HP examination of the placenta revealed dystrophic 
villi, fibrinoid necrosis and limestone deposits and areas 
of recent and old infarction, hemorrhagic dysfunction 
microfocus and edema (Figures 7–9). 

Postnatal immunohematological monitoring of the 
newborn revealed Rh blood group antigens on fetal RBCs 
at seven days of postpartum therapy. IgG-type anti-Rh Abs, 

produced by sensitized maternal lymphocytes, crossed 
the placental barrier, and covered the fetal RBCs, initially 
leading to a false negative reaction to identify Rh blood 
group antigens in the newborn. Compatibility in the ABO 
system between mother and fetus meant that the fetal 
RBCs in the maternal bloodstream were not destroyed by 
group agglutinins, and Rh antigenic sites were not masked 
for the maternal immune system. 

The hepatosplenomegaly secondary to intense hemolysis 
led to an increase in the volume of the fetal abdomen, 
with the liver being palpable at 2.5 cm below the right 
costal rim and the spleen at 2 cm below the left costal rim 
(Figures 10 and 11). 

Due to the extramedullary hematopoiesis, hepatic protein-
forming functions decreased (proteinemia 4.6 g/dL), with 
the alteration of the colloid osmotic pressure, installation 
of hypoalbuminemia (albumin 2.4 g/dL), extravasation of 
the plasma and the appearance of edemas. Hemolysis led 
to the accumulation of large amounts of bilirubin, with the 
onset of severe jaundice in the newborn. 

 

  
Figure 3 – Newborn blood smear  
→ abundance of orthochromic, 

polychromatophilic and basophilic 
erythroblasts, in the blood stream  
[May–Grünwald–Giemsa (MGG) 

staining, ×1000]. 

Figure 4 – Newborn blood smear 
→ leukocytosis with neutrophilia 
and left shift up to promyelocyte. 

MGG staining, ×400. 

Figure 5 – Newborn blood smear → 22% hyper-
reticulocytosis certifies regenerative anemia,  

with peripheral production mechanism.  
Cresyl Blue staining, ×1000. 

 

 
Figure 6 – Newborn blood smear: polychromatophilic 
erythroblast and frequent microspherocytes, homogene-
ously stained spherical cells with a diameter of 5.5 μm. 
MGG staining, ×200. 

Figure 7 – Dystrophic placental villi. Hematoxylin–Eosin 
(HE) staining, ×100. 
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Figure 8 – Decidua with necrobiosis and inflammatory 
infiltrate. HE staining, ×200. 

Figure 9 – Area of hemorrhagic necrosis with “villous 
capture”. HE staining, ×100. 

 

 
Figure 10 – Ultrasound examination: splenomegaly 
palpable lower pole of the spleen. 

Figure 11 – Ultrasound examination: hepatomegaly, 
palpable liver at 2.5 cm below the right costal rim. 

 
 Discussions 

The clinical examination of the newborn reveals that it 
was born at term: appropriate for gestational age (AGA) 
with GA 38/39 weeks, female, weighting 3140 g, extracted 
by Caesarean section with double loop nuchal cord, Apgar 
score 8/9, incipient jaundice in the face and upper chest, 
cardio-pulmonary balanced. At birth, free-flow oxygen 
was delivered, as well as prophylactic phytomenadione, 
followed by continuous phototherapy using three lamps, 
preservation of the umbilical stump, intravenous antibiotic 
therapy (Ampicillin 100 mg/kg/dose), 20% human albumin, 
enteral feeding with Aptamil 1 first infant milk powder, 
dynamic monitoring. Congenital diseases, in general, worsen 
the clinical-biological evolution of the newborn [6]. 

As mentioned in the medical literature, jaundice is the 
most common presenting feature of hereditary spherocytosis 
in neonates, as it happened to our case [7]. Usually, this 
first symptom of hereditary spherocytosis in neonates is 
not associated with blood group type incompatibility [8]. 

Because the jaundice was severe and atypical, we took 
into consideration the possibility of coexisting condition – 
ABO hemolytic disease [9], as is turned out and is mentioned. 

In addition, it is known that modifications of the genes 
encoding the RBC membrane proteins (ankyrin, band 3, 
and spectrin) and the Rh complex happen [8, 10]. In 2018, 
He et al. reviewed the last proposed molecular genetic 
mechanisms of hereditary spherocytosis and novel mutations 
in five genes: spectrin alpha, non-erythrocytic 1 (SPTAN1), 
spectrin beta, erythrocytic (SPTB), ankyrin 1 (ANK1), solute 
carrier family 4 member 1 (Diego blood group) (SLC4A1), 
and erythrocyte membrane protein band 4.2 (EPB42). These 
genetic aspects could explain the significant heterogeneity 
of this disease [11]. This is the most common inherited 
anemia in Northern Europe and Northern America [8]. We 
didn’t performed the genetic profile in our newborn patient. 

The particularity in our report was the presence of 
spherocytes on the blood smear of the neonate, also the 
typically aspect is less observing of these cells together 
with sluggish erythropoietic response of neonates often 
renders the reticulocyte count low relative to the degree 
of anemia [8]. 

Hereditary spherocytosis amplifies the degree of hemolytic 
anemia induced by Rh isoimmunization. Symptoms occur 
especially towards the end of the pregnancy due to maternal 
anti-IgG Abs that cross the placental barrier causing RBC 
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lysis and fetal anemia. The transport of oxygen to the fetal 
organs is diminished, so the fetus suffers from hypoxia. 
To make up for the loss of RBCs, the fetus begins to 
produce more RBCs through bone marrow hyperplasia,  
a phenomenon that eventually leads to bone deformities 
of the sternum, skull, or ribs. Accentuated hemolysis 
exceeds the resources of the bone marrow, and the fetus 
is forced to resort to other hematopoietic organs (spleen, 
liver, kidneys) to replace the inefficient erythropoiesis. 
Hepatosplenomegaly causes an increase in the volume of 
the fetal abdomen. Due to extramedullary hematopoiesis, 
liver protein-forming function decreases, and the amount of 
protein in the blood begins to decrease dramatically, with 
altered colloid osmotic pressure, resulting in extravasation 
of plasma with the appearance of edema and fetal ascites 
[12]. 

Hemolysis causes the accumulation, in large quantities, 
of bilirubin, which can cause jaundice with brain damage, 
paralysis, blindness, deafness and intellectual development 
disorder. From a clinical point of view, there are several 
forms of hemolytic disease: pure hemolytic anemia, in which 
the newborn has low or medium jaundice, with a short 
duration, severe jaundice of the newborn, manifested 
postpartum due to excess bilirubin, caused by excessive 
lysis of the RBCs and intrauterine fetal–placental anasarca. 
The latter is a consequence of severe fetal anemia in 
which the fetus has ascites, hepatomegaly, generalized 
edema, hydramnios. In the absence of birth, it leads to 
fetal death in utero [13]. 

Rh isoimmunizations diagnosed by titer of anti-D Abs 
in the maternal blood, indicated by the indirect Coombs 
test, known to be the method with the highest sensitivity. 
Isoimmunization is pre-existing to the pregnancy when 
the Abs are detected in the first 12 weeks of pregnancy. 
If anti-Rh Abs appear after 26–28 weeks of gestation, 
isoimmunization occurs during pregnancy. In 1/8 titrated 
Rh isoimmunizations, Ab dosing is repeated at 4-week 
intervals. Rh isoimmunizations with 1/64 titer generate 
legal termination of pregnancy, the fetal consequences 
being particularly serious. If the pregnancy evolves with 
constant titers, US and amniocentesis are performed to 
assess the health of the fetus [14, 15]. 

A rapid increase in the concentration of Abs during a 
short period of time indicates the risk of fetal damage. In 
advanced pregnancy, a sudden decrease in titer may be due 
to either the immunosuppressive effect of pregnancy or 
the massive transfer of Abs into the fetal circulation and 
their attachment to the fetal RBCs, requiring immediate 
therapeutic measures. 

The US examination gives information on the thickness 
of the placenta, the diameter of the umbilical vein, the 
fetal abdominal circumference and indirectly on the size 
of the hepatosplenic block. The Doppler US allows the 
assessment of the placental resistance index, which decreases 
in severe forms leading to an increase in the blood flow 
in the umbilical vein. The measurement of maximum 
velocity of the middle cerebral artery is the most sensitive 
predictive parameter of fetal anemia, and Doppler US 
evaluations in cases with isoimmunization to detect fetal 
anemia should be done weekly, starting with the GA of 
28 weeks. The appearance of a sinusoidal pathway during 
the cardiotocographic examination is a sign of fetal anemia 
with severe insufficiency. 

Amniotic fluid analysis can reveal Hb degradation products 
and coagulation disorders. Amniocentesis is indicated at an 
Ab titer of 1/64 or higher in isoimmunizations developed 
during the evolution of the respective pregnancy, at an Ab 
titer of 1/32 or higher in pre-existing isoimmunization, in 
case of pathological evolution of pregnancy (preeclampsia, 
eclampsia, hydramnios) or if specified in the history of intra-
uterine fetal death, severe neonatal jaundice, exsanguino-
transfusion or placental anasarca. Cordocentesis allows 
the evaluation of the degree of anemia by determining the 
fetal Hb value, which can also become a therapeutic gesture. 

The therapeutic principles vary depending on the titer of 
anti-Rh Abs. When Ab titers are low, fetal US monitoring 
and Doppler US determination of fetal blood flow on the 
middle cerebral artery are sufficient. When the Ab titer is 
increasing, the fetal health condition should be intensively 
monitored by US, cardiotocography, amniocentesis and 
cordocentesis. The degree of fetal anemia must be assessed 
and corrected in isoimmunized patients until the maturity of 
the fetal lungs is reached so that birth is possible without 
risks [16–18]. 

Plasmapheresis is indicated in women with severe 
isoimmunization, with a high Ab titer, before 20 weeks 
of gestation to decrease the concentration of Abs in the 
maternal blood less than 1 μg/mL. In critical cases, premature 
birth is triggered if the fetus is over 32–34 weeks old and 
intensive postpartum therapy is practiced, or intrauterine 
treatments are administered if the GA is less than 32–34 
weeks. Fetal transfusion in utero can be applied starting 
with week 22 of pregnancy based on the biochemical results 
of the amniotic fluid and of fetal Hb. 

Determining the Rh factor, as a prenuptial examination, 
to prevent fetal–maternal immune conflict, maintaining the 
first pregnancy in Rh-negative women with Rh-positive 
husbands, spacing pregnancies at least three years apart 
to avoid amnestic immunological reactions, avoiding iso-
immunization of Rh-negative women by transfusions of 
incompatible blood or graft are general prophylaxis measures. 

The special prophylaxis of fetal–maternal incompatibility 
in the Rh system consists of the administration of 300 μg 
of anti-D Ig to Rh-negative patients non-immunized with 
Rh-positive husbands, between 28–30 weeks of gestation, 
and a new administration in the first 72 hours after birth 
only if the newborn is Rh-positive, the life of these Abs 
being about 12 weeks [19]. 

In the last two years, it was mentioned that although 
anti-D alloimmunization is the most common cause of 
hemolytic disease of the fetus and newborn, more than 50 
anti-RBC alloantibodies are involved, and a part of these 
non-anti-D Abs increased after the implementation of pre- 
and postnatal anti-D prophylaxis. 

The transfusion need and perinatal outcome are related 
to the type of Ab, with RhD isoimmunization being the 
most frequent and most serious during pregnancy [20]. 

IgD should also be administered in case of an 
incompatible transfusion in the Rh system, in case of  
an abortion, of an ectopic pregnancy or after the practice 
of amniocentesis in non-immunized Rh-negative women 
[21, 22]. 

Hereditary spherocytosis is one of the congenital hemolytic 
anemias – a heterogeneous group of rare hereditary conditions 
characterized by reduced life span and premature removal 
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of the RBCs from the circulation. Although few data are 
reported on the role of the immune system in these sanguine 
disorders, several immune-mediated mechanisms are certainly 
involved in the pathogenesis of these rare diseases, namely 
naturally occurring autoantibodies and this aspect may 
explain the complex pathogenic pattern in newborn [23]. 

 Conclusions 
Fetal–maternal isoimmunization in the Rh system has 

amplified hemolysis due to the mutation of various genes 
responsible for encoding proteins involved in the structure 
of the RBC membrane (beta-spectrin, alpha-spectrin, ankyrin, 
protein 4.2) leading to the synthesis of deformed, spherical 
RBCs, which have low resistance to deformation, increased 
membrane permeability to sodium and water, that are 
being recognized by the spleen and passively destroyed. 
The obstruction of D antigenic sites on fetal RBCs by 
maternal Abs that have crossed the placental barrier causes 
hemolytic anemia in the newborn and may lead to false 
negative reactions to identify Rh blood group antigens in 
the newborn in the first few days after birth, therefore 
postnatal immunohematological monitoring in dynamic 
is required. 
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