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Purpose: To review the neonatal cases with different types of minor blood group incompatible
haemolytic diseases in China, and to improve the clinical understanding and management.
Materials and Methods: Seven cases from January, 1st, 2013 to December 31st, 2019
were searched out and reviewed retrospectively. All clinical data and laboratory findings
were collected.

Results: There were totally seven cases enrolled including three cases of MNS, three of
Diego, and one of Kidd combined with Rh, anti-RhE incompatibility. Among the seven
cases, two had intrauterine transfusion, two underwent exchange transfusion, five received
intravenous immune globulin, five cases developed anaemia, and three of them had transfu-
sion. But among them, only four were found to have positive antibody screening and three
were confirmed HDN with antibody types antenatally.

Conclusion: The clinical presentation is diverse. Antibody screening followed by the
technique of peak systolic velocity in the fetal middle cerebral artery (MCA-PSV) helps to
filter out the severe cases.

Keywords: neonatal haemolytic disease, HDN, alloimmunization, MNS blood group, Diego
blood group, Kidd blood group

Introduction

Haemolytic disease of the newborn (HDN) refers to foetal or neonatal alloimmune
haemolysis caused by red blood cell antibodies due to incompatible maternal and
foetal or neonatal blood types. The prevalence varies according to blood type.'~
ABO incompatibility is the most common cause of HDN;*> Rh (D) antigen is
the second most common, and Rh (C, c, E, e) antigen incompatibility occurs
occasionally.”” Several other alloantibodies have also been reported to be asso-
ciated with haemolytic diseases, including MNS, Kidd, Diego, Dufty, Kell and
Anti-Mur.” ' However, most literatures on these diseases were published as case
reports. Therefore, the presentation of the haemolytic diseases related to different
minor blood group incompatibilities is not well understood. Here, a retrospective
analysis of neonates with minor blood type haemolytic disease admitted to one
medical centre over the past 6 years was conducted to improve awareness and

perinatal management for Chinese population.
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Materials and Methods

This research topic was approved by institutional research
ethics board of Children’s Hospital of Fudan University.
All cases were identified from the electronic database and
met the inclusion criteria: newborns admitted to the neo-
of Children’s of Fudan

University with a diagnosis of neonatal alloimmune hae-

natal department Hospital
molytic disease due to minor blood type incompatibility
between January 1st, 2013, and Dec 31st, 2019. All the
electronic information of these cases was reviewed to rule
out single ABO or Rh, including D, E, e, C, and ¢ blood
group incompatibility, as well as other reasons for haemo-
lysis, such as G6PD and red blood cell membrane defects
such as hereditary spherocytosis, as exclusion criteria. We
obtained the written informed consents from the parents of
all cases and got the permissions to have all the case
details published.

The key diagnostic criteria were defined as serologi-
cal tests showing positive Coombs’ test and related
blood group system antibodies detected in the serum of
newborns and/or mothers. Other evidence of haemolysis,
such as complete blood count, haemoglobin level, reti-
culocyte count, and serum bilirubin levels, were consis-
tent with haemolytic disease. All the cases had the
confirmed diagnostic tests done in Shanghai blood cen-
tre, and the blood samples were sent on admission or
initially after birth. ABO and RhD blood typing tests
were performed with the tube by standard methods for
each sample, using monoclonal anti-A, anti-B and anti-D
(Shanghai Blood Biomedicine Co., Ltd.). Other pheno-
types of the red blood cells (RBCs) were determined
using monoclonal anti-E, anti-C, anti-c, anti-e, anti-M,
anti-N (Shanghai Blood Biomedicine Co., Ltd.), anti-
Dia, anti-Dib, anti-JKa anti-JKb
(Sanquin Reagents B.V.) respectively. The spectrum

and antibodies
cells used for blood group antibody identification were
purchased from Shanghai Blood Biomedicine Co., Ltd.
and Sanquin Reagents B.V. DAT (direct antiglobulin
test) was performed with the tube using multispecific
antiglobulin reagents, monospecific antibody-IgG, and
antibody-C3d (Shanghai Blood
Biomedicine Co., Ltd.). IAT (indirect anti-human globu-

monospecific

lin test, included free antibody test and antibody release
test) was performed with the tube using multispecific
antiglobulin reagents and column agglutination techni-

que using gel cards (Bio-Rad Laboratories).

Results

Data Collection and Summary

A total of seven cases were finally enrolled, including
three cases of MNS haemolytic disease, three cases of
Diego incompatibility, and one case of Kidd combined
with anti-RhE blood group incompatibility. All the elec-
tronic charts of the seven cases were reviewed and col-
lected, including antenatal and postnatal information such
as maternal history, birth history, gender, gestational age,
laboratory tests including maternal and child blood types,
blood cell count, haemoglobin level, reticulocytes, biliru-
bin, and Coombs test. Treatment data, including the use of
phototherapy, IVIG, blood transfusion, or exchange trans-
fusion, and outcomes were also collected. Phototherapy
and exchange transfusion were managed referring to the
criteria of the American Association of Paediatrics
Clinical Practice Guideline for phototherapy and exchange
transfusion in hospitalized infants of 35 or more weeks’
gestation. '

Result

A total of three different minor blood types were found to
be associated with haemolytic disease in our search, includ-
ing the MNS, Diego, and Kidd blood groups. We summar-
ized all the cases in separate categories as follows (Table 1).

Three Cases of MNS Haemolytic Disease

Case 1, a male born by caesarean section at 39" weeks
with a birth weight of 3950 g to a healthy 32-year-old
mother (G1P1), was admitted to our NICU on day 3
because of jaundice and anaemia from day 2 of life.
Coombs’ test was performed immediately according to
the clinical presentation. DAT (direct agglutination test)
was negative, but IAT (indirect antiglobulin test) was
positive, and anti-M antibodies were detected in the new-
born’s serum. He received only phototherapy during the
hospitalization period without blood transfusion because
of no deterioration of haemoglobin afterward. This was the
mother’s first child, conceived through IVF, and the
mother had an antibody screening result of anti-M and
titres of 1:512 IgM and 1:256 IgG at 35 weeks gestation.
All clinical characteristics are shown in Table 1.

Case 2, a male infant born by vaginal delivery at 37"°
weeks with a birth weight of 3000 g to a healthy 23-year-
old mother (G2P2) was admitted to our NICU on day 4
because of jaundice from day 2 of life. Coombs’ test was
performed after admission to the patient with negative
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DAT and positive IAT, and anti-M antibodies were
detected in the newborn’s serum. He received photother-
apy for treatment. This mother had received regular
antenatal care during pregnancy, but no antibody screening
test was performed. Her first child was a healthy four-year-
old girl without a history of jaundice at birth.

Case 3, a male infant was admitted to our NICU on day
27 with a confirmed diagnosis of anti-M HDN at birth in
a maternity hospital where he had positive IAT results and
negative DAT results and received one blood transfusion,
one IVIG and multiple phototherapies. Admission to our
NICU was due to severe anaemia. Both DAT and IAT were
negative, but the antibody screening test was positive for
anti-M on day 27. A 2nd blood transfusion was given after
this admission. This baby was a G5P1 preterm infant with
a gestational age of 34"! weeks and birth weight of 2345
g born by caesarean section due to MN-related HDFN in
the foetus and elevated peak systolic velocity in the foetal
middle cerebral artery (MCA-PSV) on ultrasound.'® This
33-year-old mother had a very complicated maternal his-
tory with four previous failed pregnancies, including one
intrauterine demise and three spontaneous abortions, two
of which were confirmed as foetal hydrops. This patient
was gravida 5, and positive antibody screening with anti-
M was detected at 20 weeks gestation during this preg-
nancy. The foetus received intrauterine transfusion (IUT)
twice with O RhD- and M-RBCs at 30 and 32"° weeks
gestation, respectively. Cordocentesis was performed dur-
ing the first I[UT, and allo-anti-M antibodies were eluted
from the cord blood sample, which suggested MN-related
HDFN in the foetus.

All three of these cases of MN blood type haemolytic
disease have the same antibody type, which is anti-M. The
MN blood types of the mothers and newborns were all the
same, namely, MN for the mother and NN for the new-
born. Jaundice occurred within the first two days in all
three cases. The bilirubin levels were not very high
because all the cases were sent from maternity hospitals,
and phototherapy commenced as soon as jaundice was
noted. Two of the newborns had different degrees of
anaemia, and the haemoglobin trough values of cases 1
and 3 were as low as 93 g/L and 49.2 g/L, respectively. In
case 3, the patient required two rounds of IUT and two
rounds of RBC blood transfusion after birth, as well as
IVIG, which is the most drastic therapy. Prenatal examina-
tion revealed positive antibody screening tests in two
cases, and prenatal care follow-up of MCA-PSV helped
to diagnose the most severe case (case 3).

Three Cases of Diego Haemolytic Disease

Case 4 and Case 5 were monochorionic diamniotic (MD)
twins, born at a gestational age of 37" weeks, and both
were admitted to our NICU on day 4. These two male
newborns were G5P2 and G5P3 born by caesarean sec-
tion with birth weights of 2700 g and 2200 g to a healthy
37-year-old mother. They were transferred because of
severe jaundice from day 2 of life without anaemia and
suspected haemolysis disease at a local hospital. G1P1 of
this mother was a healthy girl without a history of
jaundice during the newborn period, but the mother’s
other pregnancies were ended with induced labour
twice and idiopathic spontaneous abortion once. She
did not receive an antibody screening test during preg-
nancy. Coombs’ tests were performed in the maternity
hospital for the twins because of the early onset of
jaundice. Both DAT tests were positive, but the labora-
tory could not confirm the antibody type. We sent all the
blood samples of the mother and twins to the Shanghai
Blood Centre to repeat the Coombs’ tests, and positive
results for both DAT and IAT were confirmed as anti-
Dib. The mother’s blood type was A+, Di(at+b-), and
both twins had the same blood type, O+, Di(at+b+).
Both twins received IVIG, albumin and phototherapy as
treatment. The initial planned blood exchange transfu-
sion was cancelled due to the lack of Di(b-) PRBC
available on the first day, and the hyperbilirubinemia
was well controlled afterwards.

Case 6, a preterm male newborn, was born to a 44-year
-old mother (G4P2) at 32! weeks gestation by caesarean
section because of suspecting foetal hydrops on ultrasound
with a birth weight of 2380g. This foetus received intrau-
terine transfusion (IUT) six times from 24 weeks of gesta-
tional age until birth with O RhD-, Di(a-) RBCs after
a confirmed maternal positive antibody test for anti-Dia
and elevated peak systolic velocity in the foetal middle
cerebral artery (MCA-PSV) on ultrasound. The mother
was transferred from a local hospital because of positive
antibody screening with unclear antibody type. The infant
required CPAP support shortly after delivery due to neo-
natal respiratory distress syndrome (NRDS). He had no
significant hydrops after full assessment at birth, but he
had severe anaemia with a haemoglobin trough value as
low as 57 g/ when he was admitted to our NICU within
24 hours of life, decreased from 116 g/L at birth. He was
treated by blood exchange transfusion once after birth,
three doses of IVIG, RBC transfusion once and multiple
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phototherapies. The mother had one healthy child and two
idiopathic spontaneous abortions prior to this pregnancy.

These three cases (No. 4, 5, and 6) were all considered
haemolytic disease due to Diego blood type incompatibil-
ity. The twins (Case 4 and 5) presented moderate to severe
jaundice from day 2 and had peak total bilirubin levels of
430 umol/L and 356.7 pmol/L, respectively. However, just
one of the twins had mild anaemia with a haemoglobin
level of 144 g/L and a reticular count of 8.8%. In both
cases, diagnosis was confirmed by positive DAT, IAT and
anti-Dib antibody tests. The patients recovered with photo-
therapy, IVIG, and albumin transfusion. Case 6 was
another case of haemolytic disease due to Diego incompat-
ibility caused by anti-Dia antibody. This case presented
severe HDFN from the beginning of the third trimester.
Although the hyperbilirubinemia was not especially sig-
nificant, with peak TSB at 223.5 umol/L after birth, he had
severe anaemia requiring exchange transfusion and red
blood cell transfusion even after six [UTs.

One Case of Haemolytic Disease Due to
Combination Kidd and Rh Blood Group
Incompatibility

Case 7, A female was born at 38" weeks by vaginal
delivery to a healthy 28-year-old mother (G2P2). The
mother’s first child was a healthy boy with no jaundice
at birth and an uneventful pregnancy. However, during this
pregnancy, she had a positive result in an antibody screen
at local hospital, without identification of the antibody
type. She was referred to a tertiary hospital for antenatal
care and delivery. The newborn experienced severe hyper-
bilirubinemia within 24 hours after birth, with peak bilir-
ubin 444.2 pumol/L and minimum haemoglobin value 117
g/l. Coombs’ tests performed by the Shanghai Blood
Centre were positive for DAT and IAT, with positive
anti-E and anti-JKa antibody screening and DAT/IAT.
The diagnosis of combined antibodies also appears in
other literature."” Full treatments for HDN, including
blood exchange, IVIG and phototherapy, were given.

All seven cases received formal Coombs tests for diag-
nosis at the Shanghai Blood Centre. The tests performed at
hospital laboratories report positive DAT and/or IAT and
positive antibody screening but do not confirm the blood
type responsible for the haemolytic disease. Some of the
mothers were transferred from local hospitals outside of
Shanghai due to positive antibody screening in mother’s
serum with unclear antibody type (case 7). Antenatal diag-
nosis was performed in the Shanghai Blood Centre for

some cases (cases 1, 3 and 6) on the bases of the maternal
blood antibody screening tests.

All the cases enrolled presented different degrees of
jaundice, and the haemoglobin level ranged between 49.2
and 207 g/L, which may reflect the variability of the
severity of haemolysis. The sickest of the three cases of
MNS blood type had IUT and severe anaemia, but the
other two cases had only mild anaemia and moderate
jaundice requiring phototherapy. The same occurred in
Diego blood type.

It was also noticed that the MNS blood type cases all
had positive IAT and negative DAT. Two patients who
underwent IUT both had negative DAT results. However,
another two cases of Diego incompatibility had positive
DAT and IAT.

All seven patients improved and were discharged. All
of them underwent brain MRI and BAEP before discharge
to assess potential brain damage due to early hyperbilir-
ubinemia and anaemia. Case 7 had abnormal MRI signals
on the right parietal lobe and right caudate nucleus, which
were diagnosed as cerebral infarctions of unclear cause.
Case 3 and case 6, as preterm infants, had characteristics
of prematurity on brain MRI. None of the infants had
significant signs of bilirubin encephalopathy on MRI.
The results of brain stem auditory evoked potential
(BAEP) showed that case 1 failed on the left side with
a hearing threshold of 45 dB, and cases 6 and 7 failed on
both sides with a mild degree of hearing loss. The remain-
ing four infants passed this investigation before discharge.
Cases 1, 6 and 7 passed the BAEP during follow-up. All
seven cases were followed up at different ages. The oldest
age of follow-up was three years for case 3; most of the
other cases were followed up until two years of age. The
shortest follow-up was for case 7, who was last seen at our
clinic at 6 months of age. None of the patients required
RBC transfusion after discharge, and some received iron
supplementation. None of them presented long-term issues
in hearing, motor development, or dental enamel, nor
extrapyramidal symptoms or athetosis.

Discussion

Discussion

In China, HDN is most commonly caused by ABO blood
group system incompatibility, followed by Rh blood group
incompatibility. It has been reported that ABO HDN
accounts for 85.3% and Rh accounts for much less than
14.6% of total cases in China.'® Other blood group system
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incompatibilities, such as MNS, Diego, and Kidd, are
relatively rare. The prenatal discovery of haemolytic dis-
ease caused by minor blood group incompatibility is insuf-
ficient throughout China. The lack of confirmed antenatal
diagnosis may present a challenge for neonatologists
because the clinical severity of these entities varies. The
clinical presentation and laboratory characteristics of ABO
and Rh HDN are clear to most obstetricians and
neonatologists,'” ' but this is not the case for all of
these minor blood type HDNs.** Consistent antenatal and
postnatal management is important for both obstetricians
and neonatologists. For early jaundice with positive
Coombs test, either DAT or IAT, and unexplained antibody
within the first few days, it is necessary to rule out all
types of minor blood group haemolytic diseases.

We also noticed four cases with positive antibody
screening during antenatal care in our cases. Antibody
screening during pregnancy is encouraged for antenatal
diagnosis. For pregnant women with positive results,
further follow-up combined with determination of the
peak systolic velocity of the foetal middle cerebral artery
(MCA-PSV) on ultrasound is the protocol suggested to
identify severe intrauterine haemolysis.”> As cases 3 and
6 in our study both benefited from this screening, and the
mothers in both cases had had more than one idiopathic
spontaneous abortion before in previous pregnancies, foe-
tal death due to severe haemolysis could be the reason for
the previous abortions. Severe haemolysis symptoms were
noticed after positive antibody screening during the case
pregnancies, and intrauterine transfusions (IUTs) were
used for rescue.”* Even for cases without intrauterine
interventions, antenatal screening is helpful for obstetri-
cians and neonatologists to more carefully track the sever-
ity of haemolysis in the newborns, and early transfer or
treatment could be performed, as in cases 1 and 7.
Therefore, antenatal screening is necessary for identifying
severe cases and following intrauterine intervention.?

Anti-M antibody is the second most common non-RhD
antibody identified in pregnant women,”® but it has not
been considered an important cause of HDN, especially in
Caucasian and black populations.®?” The reason is that
anti-M antibodies have been identified as naturally occur-
ring antibodies,”® and both IgM and IgG anti-M antibodies
have been reported in retrospective studies from American

8.29 with no cases of

and Dutch populations, among others,
mild or severe HDN. In addition, anti-M has been found in
the serum of individuals who have not been exposed to

human erythrocytes. However, an increasing number of

HDN cases caused by anti-M have been reported, espe-
cially in Japanese, Chinese, and other Asian
populations.**>? Anti-M was the most common antibody
in our study as well, and all cases were caused by the same
anti-M antibody of the MNS blood group system. One
case was the first pregnancy of the mother, and the other
two cases were the second and fifth pregnancies, which is
similar to the pattern observed for ABO HDN because
anti-M antibodies can occur naturally.”® The severity of
this HDN is quite variable, which has also been reported in
previous studies.*®>* All cases were negative for DAT,
which is different from other minor blood type and Rh
HDNs. This is an important point to help clinicians to
identify anti-M HDN, because most cases of HDN have
positive DAT, except ABO HDNs.* When the DAT is
negative, most clinicians will rule out minor blood group
haemolysis disease, and IAT of ABO will be conducted if
the patient presents haemolysis, which may cause the
misdiagnosis of anti-M haemolysis.

Therefore, we suggest that both DAT and IAT tests
should be performed for all patients with suspected hae-
molysis disease. For the cases with positive DAT and IAT,
it is better to identify the type of RBC antibody. As minor
blood group haemolysis diseases are rare in the popula-
tion, this full laboratory test with all blood type standard
red blood cells is not economical to perform in all local
hospitals, but it is necessary for one lab in an area to have
the capability of identifying these antibodies so that rare
samples can be sent for diagnosis. Another solution is to
organize central blood centres equipped with laboratory
technology for the determination of most minor blood
group antibodies and a few tertiary medical centres that
can perform antepartum treatments, such as intrauterine
transfusion (IUT). Then, the pregnant woman would be
able to be transferred upon suspicion of minor blood group
incompatibility, as in some of our cases.

The remaining types, Diego’>~° and Kidd,*"** pre-
sented typically with jaundice, anaemia after birth, and
positive DAT and IAT, which helped make the confirmed
diagnosis. The only case with negative DAT had multiple
IUTs, which probably indicates that the laboratory results
of foetal and neonatal blood type, DAT and IAT may be
changed after [UTs.

Complex anti-E and JKa antibodies occurred in case 7,
and the patient presented severe haemolysis symptoms
requiring either exchange transfusion or red blood cell
transfusion. In the laboratory results, the titres of the two
types of antibodies were similar, and it is therefore
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difficult to identify which is the major cause. However,
mixed antibodies from different blood types may make
haemolysis symptoms more serious.'’

The overall management for all seven cases in our pro-
ject was routine clinical care, including bilirubin monitoring,
phototherapy, exchange transfusion, IVIG, red blood cell
transfusion, and evaluation of the central nervous system.'”
Although the time of anaemia and hyporegeneration of
erythroblasts varies, the severity of haemolysis could vary
by type, and close monitoring and follow-up are necessary.
All seven patients in this case series survived. This indicates
that the management and follow-up for HDN is currently
well performed in China, but early clarification of the diag-
nosis affects the management, which may help prevent early
delivery or abortion and hydrops foetalis.

Conclusion

There are more than 30 types of minor blood type haemolysis
disease, and we had 7 such cases, including three different
blood types in one centre. The characteristics of these three
types are variant, and we highlight that the antenatal antibody
screening test is a simple first-line test for pregnant women.
The examination of peak systolic velocity in the foetal mid-
dle cerebral artery (MCA-PSV) on ultrasound helps to iden-
tify severe cases. Full Coombs’ test including both DAT and
IAT for suspected neonates is necessary. It is not reliable to
only check the DAT of Coombs’ test for the diagnosis of
minor blood group HDN since the DAT may be affected by
the intrauterine intervention and negative for MNS haemo-
lysis. Access to an unhindered regional transfer system for
blood samples and patients in serious cases is necessary for
sites without full diagnostic capability. Clear alloantibody
typing results are important for preparing exchange transfu-
sions and/or red blood cell (RBC) transfusions in serious
cases and follow-up.
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