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Background: To analyze the effect of different times of pregnancy of type O pregnant women on the
occurrence of ABO hemolytic disease of the newborn (ABO-HDN).

Methods: From December 2018 to December 2021, 725 pregnant women with O blood group (husbands
with non-O blood group) who met the inclusion criteria were collected. There were 116 cases of ABO-
HDN, which were summarized and analyzed. The pregnant women were divided into primigravida and
non-primigravida groups. The influence of the number of pregnancies on the occurrence of ABO-HDN was
compared, and the antibody titer of pregnant women with type O blood was monitored. The relationship
between antibody titer and HDN in pregnant women was analyzed by hemolysis test and indirect bilirubin
concentration.

Results: In the primigravida group, 0 patients with HDN had a titer <1:64, 8 (8/26) had a titer of 1:128,
9 (9/20) had a titer of 1:256, 2 (2/4) had a titer of 1:512, and 2 (2/3) had a titer >1:512. In the non-
primigravida group, there were 0 cases with a titer <1:64, 32 cases (32/78) with a titer of 1:128, and 26 cases
(26/46) with a titer of 1:256. The number of cases of ABO incompatibility in maternal and infant groups with
different titers of IgG anti-A (B) antibody were 377 cases in the <1:64 group, 130 cases in the 1:64 group,
104 cases in the 1:128 group, 66 cases in the 1:256 group, 32 cases in the 1:512 group, and 16 cases in the
>1:512 group. The positive rates of ABO-HDN were 0.0% (0/0), 0.0% (0/0), 38.5% (40/104), 53.0% (35/66),
81.3% (26/32) and 93.8% (15/16), respectively, and the difference was statistically significant (P<0.05).
Conclusions: The occurrence of ABO-HDN was not significantly related to the blood type of the
pregnant woman’s husband. Therefore, in order to reduce the degree of hemolysis and avoid the occurrence
of bilirubin encephalopathy or even death, pregnant women with antibody titer >1:64 in second or

subsequent pregnancies should be closely monitored.
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Introduction ABO-HDN (3). Among Asian populations, in India there
is a high correlation between the rates of prenatal ABO

Hemolytic disease of the newborn (HDN) can occur incompatibility and postnatal ABO-HDN incidence.

in the fetal or early neonatal period (1). The etiology is In Singapore, the correlation between prenatal ABO

complex, but the most common cause is ABO and rhesus
(Rh) blood group incompatibility (2). Different ethnicity,
regions, and medical settings can affect the incidence of
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incompatibility rates and postnatal ABO-HDN occurrence
is low, and in China ABO incompatibility accounts for
20-25% of mothers and infants (4). Data on the incidence
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of postnatal ABO-HDN also vary, which is believed to
account for the 10-20% of ABO incompatibility between
mothers and infants, while the incidence of ABO-HDN
is reported to be between 2% and 5% (5-7). In China, the
RhD-negative blood type is uncommon, much lower than
in the white population, most cases of ABO-HDN occur
in pregnant women with type O. Due to the use of anti-D
immunoglobulin in Western countries for HDN caused by
Rh blood incompatibility, the incidence and mortality of
ABO-HDN have been greatly reduced from 1% to 0.02%
and from 25% to 8-9%, respectively.

The pathogenesis of HDN is alloimmunization because
of Rh or ABO incompatibility between maternal and fetal
blood. The maternal antibodies attack the fetal red blood
cells (RBCs) after sensitization. Hemolysis can be alleviated
or suppressed by preventing the continuous formation
of immune complexes (8-10). Clq in C3 complement
also plays an important role in this reaction. The titer of
maternal blood group antibody is considered as relevant in
prenatal diagnostic workup according to domestic clinical
guidance. The incidence of HDN is high in pregnant
women with blood type O, but also in newborns born to
mothers with blood type A containing anti-B antibodies.
The severity of the clinical manifestation of ABO-HDN
is related to the following factors: the amount of maternal
IgG antibody and the degree of binding of antibody and
antigen (11), as well as the fetal or neonatal compensatory
ability. ABO-HDN can cause death, so it should be paid
more attention. The combination of prenatal determination
of ABO blood group, serological examination and neonatal
hemolysis tests for risk assessment and corresponding
treatment can effectively reduce the risk of HDN (12).

Nowadays, ABO-HDN is mainly diagnosed by three
hemolysis tests, including direct anti-human globulin test
(DAT), antibody release test and free antibody test (13). The
DAT and antibody release test are confirmatory test, while
the free antibody test is a supplementary test. However,
all of these tests are qualitative, and unable to accurately
assess the severity of ABO-HDN. There are few studies
investigating the value of quantitative detection of IgG
antibody titer in the assessment of ABO-HDN, and the
results need to be further verified. This study investigated
the titer of IgG antibody of pregnant women to explore
its correlation with the severity of ABO-HDN, with the
times of pregnancy taken into consideration as well. We
present the following article in accordance with the MDAR
reporting checklist (available at https://tp.amegroups.com/
article/view/10.21037/tp-22-385/rc).
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Methods
Ethical statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by ethics board of Shanxi Provincial Children’s
Hospital (No. 2021-Tk034) and informed consent was
taken from all the participants (pregnant women and the
newborn’s guardians).

General clinical data of study patients

Our study group comprised 725 pregnant women with type
O RhD-positive blood group underwent regular prenatal
examination in Shanxi Provincial Children’s Hospital: (I)
age range 20-45 years; (II) 382 primigravidae (52.7% of
the total cases), and 343 non-primigravidae (47.3%); (I1I)
husbands were RhD-positive for non-type O (284 cases
in blood group A, 265 cases in blood group B, 176 cases
in blood group AB); (IV) no previous blood transfusion
record, normal liver and kidney function, and autoimmune
hemolytic diseases or other hemolytic diseases were
excluded.

The diagnostic criteria of HDN are: (I) maternal
and infant ABO or Rh blood group incompatibility;
(II) maternal blood group IgG antibody positive; (III)
hyperbilirubinemia; (IV) of the three hemolysis tests of
the newborn (direct resistance, free and release), the direct
test or release test are positive; if negative the diagnosis is
pathological jaundice.

Anti-A (B) titer test was initiated at 16 weeks of gestation
and retested every 4 weeks. If postpartum hemolysis
symptoms were detected, the newborn underwent ABO, Rh
blood group, three hemolysis and serum indirect bilirubin
tests.

Measurement technique

Changchun Bosun Biotechnology, Ltd. provided 0.2 mol/L
2-mercaptoethanol (2-ME), normal saline, anti-A, anti-B,
anti-D, multi-specific anti-globulin reagents, antibody
screening RBCs, neonatal hemolytic disease detection
card 1 (ABO/RhD blood group, DAT), microcolumn gel
method neonatal hemolytic disease detection card 2 (free
antibody test, antibody release test), ABO standard RBCs,
FYQ immune microcolumn incubator, TD-3A blood group
serology centrifuge, low-speed centrifuge, incubators, acid
release reagent and other instruments.
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Detection of blood group antibody titer in pregnant women

The ABO antibody titer of pregnant women with type
O RhD-positive (whose husband was not type O RhD-
positive) was measured from 16 weeks of gestation (as
the base titer) and reviewed monthly. Irregular antibody
screening was only done once, as it is effective throughout
the pregnancy. Prepare 10 dry test tubes labeled 1:2 [1], 1:4
(2], 1:8 [3], 1:16 [4], 1:32 [5], 1:64 [6], 1:128 [7], 1:256 [8],
1:512 [9], 1:1,024 [10], and add 0.1 mL of normal saline to
each tube. Add 0.1 mL of the treated serum to the first tube
and mix well, then remove 0.1 mL of the diluted serum
from the first tube and add it to the second tube, and so on,
and discard the last 0.1 mL when double diluted to the 10th
tube. Finally, centrifuged for 5 min. The reciprocal of the
maximum dilution of RBCs in the gel or microcolumn was
used as the antibody titer.

Serological test of neonatal blood group

Neonatal ABO and RhD blood groups were detected after
delivery, and hemolysis tests (direct resistance, free and
release) were performed.

ABO/RbD blood typing and erythrocyte DAT

The ABO/RhD blood group card contains six microcolumn
gel pores, the first 3 of which are anti-A gel, anti-B gel and
anti-D gel, respectively, while the fourth, fifth and sixth
wells are neutral gel. Neonatal blood is centrifuged, 1 mL
hemolysized blood is removed, and the RBCs are diluted,
mixed and washed with 9% normal saline. Finally, a 0.8-1%
concentration is prepared and added into the first, second,
third and sixth wells, respectively. The standard RBC
reverse shaping reagent is prepared in the same way to a
concentration of 0.8—-1%, then added to the fourth and fifth
wells. Finally, remove 25 pL of neonatal plasma and add it
to the fourth, fifth and sixth wells, and mix for 5 min, before
recording the results.

Free IgG antibody test

The free IgG antibody test is used for the absorption
of autoantibodies, the separation and identification of
more than two types of specific antibodies in a serum,
confirmation of weak antigens and the concentration of low
concentrations of antibodies. The procedure is as follows:
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three test tubes are labeled Ac, Be and Oc respectively,
to which are added 100 pL subserum and corresponding
type A and type B reagents to each tube. Next, 50 pLL of
the RBCs and O-type screening reagent cells are placed
in a 37 °C water bath for 30 min, removed and washed
three times with normal saline for the last time. Finally,
100 pL of anti-human globulin reagent is added to each
tube, centrifugation at 3,400 rpm for 15 s, and the results
were interpreted.

Determination of serum bilirubin

The determination of serum bilirubin is by spectrophotometer.
As the fetal age increases and the severity of HDN increases,
amniotic fluid will accordingly become more yellow.
Therefore, detecting the absorbance of amniotic fluid at
different stages of pregnancy can help determine the severity
of the disease and the required treatment.

Statistical analysis

The data were analyzed by SPSS 20.0. The results are
expressed as mean = standard deviation. Two-sample or
two-group comparisons were performed using the #-test
or the Mann-Whitney U test, and multi-sample or multi-
group comparisons using the F test or Kruskal-Wallis test.
Counting data were compared using the ' test. And P<0.05
was considered as statistical significant.

Result
ABO/RbD blood type determination

The DAT is used to detect RBCs sensitized by antibodies.
The daughter cells were washed three times with normal
saline, and the supernatant was removed before 100 pL
anti-human globulin reagent was added and centrifuged
at 3,400 rpm for 15 s. The results were observed under a
microscope, positive for agglutination and negative for non-
agglutination. ABO/RhD blood type was determined by the
agglutination results of antibody A, antibody B, antibody D,
antibody Ac, and antibody Be (14).

Analysis of free IgG antibody in the serum of newborns

A positive free IgG antibody test indicates corresponding
IgG antibody in neonatal serum, indicating that there is still
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Table 1 Significance of free IgG antibody test in neonatal serum
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Type
Result
A B O
+ - - Free anti-A antibodies are present
_ + - Free anti-B antibodies are present
+ + - Free anti-AB antibodies are present

None

+, positive; —, negative.
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Figure 1 Analysis of results of three hemolysis tests in neonates.

unsensitized IgG antibody in the RBC blood group (Zable I).

Diagnostic criteria for HDN

According to the diagnostic criteria of HDN, 116 of the
725 neonates tested positive and 609 were judged negative
(Figure I).

Comparative analysis of IgG antibody titer in the pregnant
women

Among the primigravidae, there were 284 cases (74.3%)
of antibody titer <1:64, 45 (11.8%) had a titer of 1:64, 26
(6.8%) had a titer of 1:128, 20 (5.2%) had a titer of 1:256, 4
(1.0%) had a titer of 1:512, and 3 (0.8%) had a titer >1:512.
In the non-primigravida group, there were 93 cases (27.1%)
of antibody titer <1:64, 85 cases (24.7%) of antibody titer

© Translational Pediatrics. All rights reserved.

1:64, 78 cases (22.7%) of antibody titer 1:128, and 46 cases
(13.4%) of antibody titer 1:256. Twenty-eight cases (8.2%)
with a potency of 1:512, and 13 cases (3.8%) with a potency
of >1:512, as shown in Table 2.

Relationship between number of HDN incidence

Figure 2 shows that the incidence of ABO-HDN in non-
primigravidae was higher than the primigravidae.

Correlation analysis of conjugal blood group matching and
IgG antibody titer in pregnant women

According to the ABO blood group of the husbands, they
were divided into the wife-to-husband O-A group (n=284),
the wife-to-husband O-B group (n=265) and the wife-to-
husband O-AB group (n=176) as shown in Table 3. A total
of 15.5% (45/284), 15.1% (40/265) and 17.4% (31/176) of
husbands with blood type O-A, O-B and O-AB, respectively,
had newborns with ABO-HDN (7zble 3). There was no
statistical significance in the positive rate of husbands with
blood type distribution (P>0.05) (Table 4).

Discussion

HDN can be a serious diseases of the fetus and newborn if
not detected early and treated appropriately (15,16). Due
to incompatibility between the ABO blood group of the
mother and the fetus (17), there is passive sensitization
of maternal antibodies, mainly the mother’s IgG blood
group antibody, which on later contact with fetal RBCs
causes a series of antigen-antibody reactions and HDN
(18-20). This often accompanied by different degrees of
clinical symptoms: anemia, jaundice, hyperbilirubinemia,
hepatosplenomegaly and other complications, even death.
ABO-HDN has the highest incidence rate of neonatal
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Table 2 Comparison of IgG anti-A (B) antibody titer of type O pregnant women

Maternal IgG anti-A (B) antibody titer, n (%)
No. of pregnancies Cases
<1:64 1:64 1:128 1:256 1:512 >1:512
First pregnancy 382 284 (74.3) 45 (11.8) 26 (6.8) 20 (5.2) 4 (1.0) 3(0.8)
Non-first pregnancy 343 93 (27.1) 85 (24.7) 78 (22.7) 46 (13.4) 28 (8.2) 13 (3.8)
Total 725 377 130 104 66 32 16
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Figure 2 Relationship between number of pregnancies and HDN incidence in pregnant women. (A) IgG antibody titer 1:128. (B) IgG
antibody titer 1:256. (C) IgG antibody titer 1:512. (D) IgG antibody titer >1:512. HDN;, hemolytic disease of the newborn.

Table 3 Relationship between blood group pairing in couples and IgG antibody titer distribution in the pregnant women

Wife-husband blood

Maternal and infant

Maternal IgG antibody titer, n (%)

group matching blood group Cases <1:64 1:128 1:256 >1:512
O-A O-A 284 198 (69.7) 40 (14.1) 27 (9.5) 19 (6.7)
O-B O-B 265 188 (70.9) 38 (14.3) 23 (8.7) 16 (6.1)
O-AB O-AB 176 121 (68.7) 26 (14.8) 16 (9.1) 13(7.4)
Total 725 507 104 66 48
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Table 4 Relationship between IgG anti-A (b) titer and HDN in pregnant women with different blood type pairing

Wife-husband blood type Maternal and infant blood group Cases Number of HDN cases Positive rate (%)
O-A O-A 284 45 15.50
O-B O-B 265 40 15.10
O-AB O-AB 176 31 17.40
Total 725 116 48.00

HDN, hemolytic disease of the newborn.

immune hemolytic diseases (21). Pregnant women with type
O blood have the highest probability of HDN, but pregnant
women with type A blood containing anti-B antibody may
also develop neonatal hemolytic disease (22). ABO-HDN
can be treated prenatally and postnatally. The prenatal
treatment includes early delivery, intrauterine plasma
exchange, intrauterine blood transfusion, and intravenous
drops of human immunoglobulin to inhibit hemolysis. The
postnatal treatment involves blue light, immunoglobulin,
human serum albumin, exchange transfusion, etc. (23-27).

In the present study, there were 21 cases of HDN in
382 pregnant women, and the risk of HDN increased
with the number of pregnancies. Therefore, even in a
primigravida, the fetus can develop HDN (28). At the end
of the first pregnancy, the blood group antigen carried
on the surface of neonatal RBCs enters the maternal
circulation, stimulating the production of antibodies (29).
With second and subsequent pregnancies, the titer of
maternal IgG antibodies increases, and consequently the
risk of HDN. Therefore, type O non-primigravidae should
be given enhanced attention in the prenatal examination.
For these pregnant women, prenatal treatment for ABO-
HDN should be taken according to the maturation of the
fetal lungs. If the fetal lungs were maturated, early delivery
could be considered. If the fetal lungs were not maturated,
repeated plasma exchange, intrauterine blood transfusion
and phenobarbital could be considered (30-33).

The serum indirect bilirubin level of neonates with
HDN confirmed by three hemolysis tests after delivery
was detected, and a correlation analysis was conducted
between the serum indirect bilirubin and the maternal
blood group IgG antibody titer (34). The neonatal serum
indirect bilirubin level increased with increasing maternal
blood group antibody titer, indicating that the maternal
blood group IgG antibody titer can predict the newborn’s
serum indirect bilirubin level (35). However, women with
normal antibody titer during pregnancy can also develop
the disease, but it is also related to the antigenicity of fetal

© Translational Pediatrics. All rights reserved.

and fetal erythrocyte surface antigens (36-38). Blood group
and IgG subtype antibodies correlated with the severity
of HDN (not with IgG4 subtype, but with the amount of
IgG1 and IgG3) (39).

For newborns at risk of ABO-HDN, blood group
identification, serological examination and hemolysis using
cord blood at birth (40), early detection and diagnosis of
HDN, timely infusion of albumin or immunoglobulin C,
blue light therapy or blood exchange therapy can avoid
serious hemolytic disease.
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