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Abstract

Background: Haemolytic disease of the newborn is often secondary to ABO incompatibility, the routine practice of early dis-

charge of newborns leads to a higher occurrence rate for hyperbilirubinemia. We aim to compare the probability of ABO

incompatibility and the prevalence of ABO haemolytic disease of the newborn (ABO HDN) and investigate the clinical char-

acteristics of ABO HDN to identify risk factor for ABO HDN. Procedure: The blood type of 85 590 blood donors and the

inpatient medical records of 471 ABO HDN were analysed retrospectively. Results: The possibility of a blood group O woman

giving birth to a non-group-O infant should be 13.28%; however, only 6.03% of newborns had ABO HDN. 49.46% of total

ABO HDN newborns developed disease due to anti-A antibody and 50.54%, due to anti-B. No significant difference was found

in group A and B newborns in haemoglobin and peak total serum bilirubin (TSB) levels, but lower haemoglobin values were

observed in ABO HDN infants with a positive direct anti-globulin test (DAT). Furthermore, the correlation coefficient between

the postnatal age of admission and peak TSB levels was 0.54. When severe hyperbilirubinemia developed, the peak TSB levels

increased gradually with the increase in postnatal age of admission. Conclusion: For ABO-incompatible mother-infant pairs,

timely monitoring is advised, since early hospitalization and appropriate interventions, if necessary, can reduce the risk of severe

hyperbilirubinemia, especially for DAT-positive newborns.

Introduction

Haemolytic disease of the foetus and newborn(HDFN) due to maternofoetal blood group incompatibility
was once a significant factor in perinatal morbidity and mortality [1]. However, the widespread adoption of
antenatal and postpartum use of Rh immune globulin in most western countries has resulted in a decrease in
the incidence of Rh(D) alloimmunization [1, 2]. ABO incompatibility has become the most common cause
of haemolytic disease of the newborn (HDN) [3].

HDN is an immune-mediated haemolytic disease, almost exclusively limited to ABO neonates with blood
groups A or B delivered by women with group O. ABO-incompatible newborns with haemolytic disease
are at risk for various degrees of anaemia and subsequent hyperbilirubinemia caused by immune-induced
haemolysis [4]. Toxic bilirubin can occasionally cross the immature neonatal blood-brain barrier, resulting
in kernicterus and subsequent life-long disabilities such as hearing impairment [5]. In a previous study,
approximately one-third of ABO-incompatible newborns had significant hyperbilirubinemia and required
phototherapy [6]. Phototherapy provided by modern equipment has been proven to be effective by decreasing
the need for exchange transfusion (ET) in the treatment of hyperbilirubinemia [5]. However, severe subjects
with dramatic haemolysis and hyperbilirubinemia, which require ET, have also been reported in clinical
studies [7, 8]. In addition, the routine practice of early discharge of newborns at postnatal <48 hours lead
to a higher readmission rate for hyperbilirubinemia within 14 days of birth and brings extra unnecessary
expense [9, 10]. Among the identified causes of hyperbilirubinemia, ABO incompatibility was the most
common [11].

1



P
os

te
d

on
A

u
th

or
ea

30
M

ar
20

22
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
64

86
49

01
.1

12
18

23
7/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. ABO incompatibility cannot always be avoided, but the severity of ABO incompatibility in neonates varies
greatly from region to region. Italian mothers experience a major ABO incompatibility with their newborns
at a rate of approximately 11%, but haemolytic disease occurs in only 2.5% of births [12]. Both ratios are
higher in Blacks, with the former farther than the latter [13]. Meanwhile other studies show that Asians
have an increased likelihood of extreme neonatal hyperbilirubinemia and hospital readmission rates due to
jaundice [9, 14]. However, the circumstance of ABO incompatibility remains unknown in northern China.

Our objective was to estimate the frequency of ABO incompatibility among infants, survey the incidence
of haemolytic disease due to ABO incompatibility, compare the risk of haemolysis and jaundice between
O-A/B and DAT-pos/neg subgroups, and assess the proportion of neonates developing ABO-incompatible
haemolysis with neonatal severe hyperbilirubinemia in a single institution.

Methods

The probability of ABO incompatibility

A total of 85 590 blood donors in Qingdao, Shandong Province were recruited from the Affiliated Hospital of
Qingdao University between May 2018 and November 2019. EDTA-anti-coagulated peripheral blood samples
were obtained from all enrolled participants, and standard serological typing methods were used to test their
blood types for ABO antigens and antibodies. All participants were negative for irregular antibodies. This
study protocol was approved by the ethics committee of the Affiliated Hospital of Qingdao University.

According to Akanmu. A.S. et al. [13], the ABO blood-group gene frequencies of the population are
calculated using data for the prevalence of blood group phenotype obtained from ABO typing of blood donors
based on the Hardy-Weinberg equilibrium. Further, the occurrence rates of OO and non-OO (AA, BB, AO,
and BO) blood type genotypes in the population were obtained. The possibility of ABO incompatibility is
the sum of the product of the probability that the father of blood group genotypes is non-OO combined with
the probability that the mother is OO.

The prevalence of ABO-HDN

We carried out screening on 7 513 mothers and 7 810 newborns between November 2016 and April 2020.
Hospitalization information was collated from all neonates diagnosed with ”ABO haemolytic disease of the
newborn” (including ”ABO haemolytic jaundice” and/or ”ABO haemolytic anaemia”), including maternal
blood group, gestation at delivery, mode of delivery, the infant’s sex and birth weight, date of birth, time
of admission, blood type, direct anti-globulin test (DAT), indirect anti-globulin test (IAT), eluate test, peak
total serum bilirubin (TSB, μmol/L), haemoglobin (Hb, g/L), and treatment measures. All maternal blood
groups, including Rh and irregular antibody screens, were tested at least once during pregnancy.

Neonates were assessed for blood type and subjected to DAT, IAT, and the eluate test if the newborn ABO
was incompatible with that of the mother and the newborn developed neonatal jaundice simultaneously. Once
the eluate test was positive and clinically significant jaundice occurred, infants were continuously monitored
in an inpatient setting, whereas those who did not develop clinically significant jaundice were evaluated as
outpatients. TSB and Hb were tested anytime when visual assessment and transcutaneous bilirubin were
abnormal during hospitalization. ”ABO haemolytic jaundice” was defined when the eluate test was positive
and the infant developed clinically significant jaundice, which was judged as any single total bilirubin result
above the newborn infant 35 or more weeks of gestation phototherapy treatment threshold on charts from
the American Academy of Paediatrics on Neonatal Jaundice [15]. ”ABO haemolytic anaemia” was defined
as eluate test positive and Hb [?] 145 g/L.

DAT and IAT tests were performed routinely at the blood bank of the Affiliated Hospital of Qingdao
University on umbilical cord blood with an agglutination technique. The eluate test was performed by the
heat dispersion method to remove RBC-bound antibodies. EDTA-anti-coagulated peripheral whole blood
was centrifuged at 1 760 ×g for 5 min, drawing at least 2 ml of erythrocytes with a pipette tip for testing.
After six washes of erythrocytes with 0.9% normal saline, the last release solution was used as the negative
control. An equal volume of saline was added, and samples were incubated with shaking in a 56°C water
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. bath for ten minutes. Samples were next centrifuged at 1 000 ×g for three minutes, immediately followed
by transferring the supernatant red emission solution to the other three test tubes. One drop of A, B, and
O RBC reagent (Changchun Boxun Biotechnology, Changchun, China) was added to the test tube, after
which the samples were centrifuged and observed. Agglutination indicated that the RBC was attached to
the corresponding antibodies and the eluate test was regarded as positive.

Statistics

Statistical analysis was performed using the Statistical Package for the Social Sciences version 26.0 software
(SPSS Inc., Chicago, IL, USA). The chi-square or Fisher’s exact tests for categorical variables were used.
The Shapiro–Wilk test was used to test the distribution of normality. The differences between groups were
analysed using Student’s t-test or the Mann–Whitney U test when only two groups were compared, or by
the Kruskal-Wallis H test when more than two groups were compared. If there was a significant difference
between multiple groups, the Bonferroni correction for post hoc multiple comparisons was used. Correlations
between variables were analysed using the Spearman correlation test. P-values < 0.05 (two-sided) were
considered statistically significant.

Results

The probability of ABO incompatibility

The blood group phenotypes were used to calculate ABO gene frequencies of 85 590 blood donors. The
prevalence of blood group B (31.44%) was slightly higher than that of blood groups A (29.05%) and O
(28.54%), and the distribution characteristics were B > A > O > AB in the Affiliated Hospital of Qingdao
University in northern China (Fig. 1).

The probabilities of genes A, B, and O were 0.2253, 0.2409, and 0.5338, derived from the population fre-
quencies of ABO blood group phenotypes in the recruited blood donors at the Affiliated Hospital of Qingdao
University (the detailed calculation procedure is shown in Supplementary Information A).

The probability of a blood group O woman giving birth to an infant who was non-group-O was predicted
to be 13.28% at the Affiliated Hospital of Qingdao University in northern China (the detailed calculation
procedure shown in Supplementary Information B).

The prevalence of ABO-HDN

From November 2016 to April 2020, 471 (6.03%) infants from 7 810 live births were confirmed to have ABO
haemolytic disease. Among them, 46.50% (219/471) infants were male, 8.07% (38/471) were premature, 4.88%
(23/471) weighed less than 2 500 g and 45.44% (214/471) were first-borns. Of newborns, 42.04% (198/471)
were admitted with jaundice occurring in <24 hours and the median postnatal age of admission (days) was
two (interquartile range (IQR) was one-three days; 15 neonates were re-admitted, with a median age at
re-admission of 10 days, and IQR of 8-12 days). The baseline demographic characteristics of the newborns
with ABO HDN are presented in Table 1. Moreover, two neonates were diagnosed with Trisomy 21 syndrome
and Gilbert syndrome, respectively, in addition to ABO HDN. Four mother-infant pairs were also diagnosed
with Rh(D) incompatibility. Twenty-seven (5.73%) neonates had severe hyperbilirubinemia (TSB [?] 342
μmol/L) of which five (18.52%) had extreme hyperbilirubinemia (TSB [?] 428 μmol/L, one of the patients
was also diagnosed with Gilbert syndrome). Finally, 99.15% (467/471) of infants underwent intervention
with phototherapy, 57.54% (271/471) underwent invasive treatments (intravenous immunoglobulins), and
only two were subjected to ET.

Excluding subjects with congenital disease and combined with Rh(D) incompatibility, 465 cases whose
mothers were all blood group O were identified, of which 49.46% (230/465) had blood type A and 50.54%
(235/465) had blood type B. Median peak TSB was 206.80 μmol/L (IQR was 160.08 to 262.16 μmol/L),
and mean Hb was 142.58 g/L (standard deviation (SD) was 23.76 g/L). No significant difference was found
between the O-A incompatibility group and the O-B incompatibility group in Hb and peak TSB. Sixty-
seven (14.41%) newborns were DAT positive. DAT-positive neonates (mean Hb value was 133.00 g/L) had
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. lower Hb levels than DAT-negative neonates (mean Hb value was 144.50 g/L) (P <0.05) (Fig. 2a), but no
difference was observed in peak TSB between the two groups. In addition, the DAT positive rate of group
A was higher than that of group B (P <0.05) (Fig. 2b).

The peak TSB was significantly different between the several different age groups of postnatal admission
(P <0.001), and the median peak TSB level was higher in the older postnatal age of admission group
than in the younger group between each two groups, except the two-three days group and [?] 14 days
group, and the 4-13 days group and [?] 14 days group (Fig. 4a). Furthermore, the correlation coefficient
between the postnatal age of admission and peak TSB levels was 0.54 (P <0.001) (Fig. 3). The severe
hyperbilirubinemia groups had a later postnatal age of admission than ABO HDN neonates that did not
develop severe hyperbilirubinemia (P <0.001) (Fig. 4b). In addition, neither gender, gestational age, birth
weight, the mode of delivery, blood type, or DAT results were related to severe hyperbilirubinemia (P >0.05).

Discussion

In this study, we systematically assessed the possibility that group O mothers would give birth to non-group-
O infants and the incidence of an infant actually developing haemolytic disease due to ABO incompatibility.
Depending on the genotype frequencies, the likelihood of ABO incompatibility between a mother and her
infant was 13.28%, but the occurrence rate of ABO HDN was 6.03%. There was no significant difference
in severity between O-A and O-B incompatibility groups, and the frequency of maternal-foetal blood group
mismatch in O-A and O-B was almost equal. The DAT positive neonates were more prone to haemolysis
and led to even lower Hb. Moreover, we found that the later the postnatal age of admission, the higher the
peak TSB level, whether a newborn develops severe hyperbilirubinemia.

Disparities between regions and ethnicities are conspicuous factors affecting the prevalence of haemolytic
diseases. Our data showed that 13.28% of newborns have a major ABO incompatibility with mothers, while
haemolytic disease was observed in only 6.03% of newborns, which is different to the incidence of HDN due
to ABO incompatibility in Singapore [16]. In Caucasians, ABO incompatibility between the neonate and
mother occurs in 10-25% of pregnancies and only 1-2.5% of infants are complicated by haemolytic disease
[12, 17]. The reason for this discrepancy may be that A and B antigens are expressed at different frequencies
and strengths in different populations. The results of Sebija Izetbegovic et al. [18] from Sarajevo showed an
ABO incompatibility in 15% of pregnancies an ABO HDN of 0.67% in all newborns included in the study.

The variance in the incidence of blood group incompatibility and haemolytic disease can be attributed to
the weak expression of major blood group antigens A and B on foetal erythrocytes; blood group antigens A
and B are also expressed in other tissues, to which antibodies could bind. In addition, the immunoglobulin
subclasses each have differing biological properties affecting their pathogenic potency. IgG3 has more effective
transported across the placenta [19], compared with other subclasses of IgG, which may be responsible for
whether the disease is present.

The American Academy of Pediatrics has reported blood group incompatibility with positive DAT as one
of the most important risk factors for severe hyperbilirubinemia [15]. Clinically observable ABO HDN is
usually diagnosed by severe jaundice within the first few days of life, followed by a positive laboratory test.
DAT as a screening test for incomplete antibodies present on an individual’s RBCs has poor sensitivity
(50%) in identifying neonates that will develop clinically significant jaundice [15] and does not determine
the specificity of the antibody attached to red blood cells. The eluate test is performed if DAT results
are negative in our institution, which makes up for the defects of the DAT test in HDN identification
caused by ABO antibody. We observed that DAT-positive neonates with haemolytic disease had lower
Hb concentrations, so even at lower sensitivity, DAT was an invaluable screening tool for HDN. As other
studies show, ABO incompatibility with positive DAT infants is at increased risk of receiving phototherapy
and invasive treatment when compared with DAT-negative infants [20], and the increasing strength of DAT
positivity is associated with phototherapy need [21].

The results of this study showed that the frequencies of O–A and O–B incompatibility and the severity of
haemolysis between group A and group B were almost the same, as also observed in the study of Y. R.
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. Bhat et al. [6]. Many investigators in Western countries suggest that O-A blood group incompatibility
has a higher morbidity and forms a majority of the ABO HDN, but haemolysis due to IgG anti-B is more
severe [20, 22]. This divergence may be due to the difference in the distribution of blood type phenotypes
between the other regions and ours [23]. However, the higher incidence of positive DAT in O-A blood group
incompatibility that we observe is similar to the results of Kaplan, M. et al. [21]. Michael Kaplan et al. [22]
conducted a retrospective study of the incidence of hyperbilirubinemia in neonates who were DAT-positive,
ABO incompatible and compared O-A and O-B groups; the condition was more prevalent in the group B
neonates and hyperbilirubinemia developed in more O-B newborns than O-A newborns at <24 hours.

Hyperbilirubinemia in the first week of life occurs in more than 60% of otherwise healthy infants and usually
resolves within 7–10 days of age [5, 24]. In our research, the peak TSB levels increased gradually with the
prolonging of postnatal age of admission and a good correlation was observed. The onset of hyperbilirubine-
mia caused by ABO incompatibility was most likely to occur prior to 72 hours of age and is associated with
increased bilirubin production [5]. A study conducted by R. D. Christensen et al. [25] found that group A
and B neonates, born to O (+) mothers, had higher peak TSB levels during the first 10 days after birth than
did group O neonates. Due to the immature liver function of newborns, the level of bilirubin is markedly
elevated with the duration of jaundice. Moreover, among ABO HDN newborns with severe hyperbilirubine-
mia, the age at admission was significantly higher than that of newborns without severe hyperbilirubinemia,
which indicated that early admission might reduce the risk of severe hyperbilirubinemia for infants with
ABO incompatibility, although the sample size needs to be larger for confirmation of this result.

Although we recognize that A, B, or AB mothers can deliver neonates with ABO haemolytic disease, those
incompatibilities very infrequently have any clinical significance. The probability of ABO incompatibility,
which represents the possibility of an O-type mother giving birth to a non-O-type baby, has been calculated
using genetic frequencies from the 8 5590 blood donors in the Affiliated Hospital of Qingdao University in
northern China. With respect to the prevalence of ABO HDN, an estimate of the incidence in northern
China would be 1 in 6 live births (471 in 7 810 over the 3-year study period). It is anticipated that any
infant born in the Affiliated Hospital of Qingdao University complicated by haemolytic disease due to ABO
incompatibility would be referred to a doctor for treatment. However, some newborns may go to other
hospitals or even no hospital. The estimate of 1 in 6 live births is likely conservative given that this is based
on hospital medical records.

Neonatal haemolytic disease caused by ABO incompatibility of mother and infant is not infrequent in north-
ern China. Although not all neonates develop neonatal haemolytic disease and the disease process is usually
benign, it can be devastating if left untreated. For DAT positive newborns with ABO incompatibility, timely
monitoring is advised, because early hospitalization and appropriate interventions, if necessary, can reduce
the risk of severe hyperbilirubinemia.

Conflict of interest statement

The authors declare that they have no conflict of interest.

Acknowledgments

Thank you to Prof. Wang for her helpful suggestions in designing the study and revising the manuscript.

References

1. Moise Jr. K.J., Argoti P.S. Management and prevention of red cell alloimmunization in pregnancy: a
systematic review. Obstet Gynecol, 2012. 120 (5): p. 1132-9.

2. Geaghan S.M. Diagnostic laboratory technologies for the fetus and neonate with isoimmunization. Semin
Perinatol, 2011. 35 (3): p. 148-54.

3. Delaney, M., Matthews D.C. Hemolytic disease of the fetus and newborn: managing the mother, fetus,
and newborn. Hematology Am Soc Hematol Educ Program, 2015. 2015 : p. 146-51.

5



P
os

te
d

on
A

u
th

or
ea

30
M

ar
20

22
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
64

86
49

01
.1

12
18

23
7/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. 4. Murray, N.A., Roberts I.A.G. Haemolytic disease of the newborn. Arch Dis Child Fetal Neonatal Ed,
2007. 92 (2): p. F83-8.

5. Smitherman H., Stark A.R., Bhutani V.K. Early recognition of neonatal hyperbilirubinemia and its
emergent management. Semin Fetal Neonatal Med, 2006. 11 (3): p. 214-24.

6. Bhat Y.R., Kumar C.G.P. Morbidity of ABO haemolytic disease in the newborn. Paediatr Int Child
Health, 2012. 32 (2): p. 93-6.

7. Kumar R., Saini N., Kaur P., Sood T., Kaur P., Bedi R.K., et al. Severe ABO Hemolytic Disease of
Newborn with High Maternal Antibody Titres in a Direct Antiglobulin Test Negative Neonate. Indian J
Pediatr, 2016. 83 (7): p. 740-1.

8. Metcalf R.A., Khan J., Andrews J., Mayock D., Billimoria Z., Pagano M.B., et al. Severe ABO Hemolytic
Disease of the Newborn Requiring Exchange Transfusion. J Pediatr Hematol Oncol, 2019. 41 (8): p. 632-
634.

9. Burgos A.E., Schmitt S.K., Stevenson D.K., Phibbs C.S. Readmission for neonatal jaundice in California,
1991-2000: trends and implications. Pediatrics, 2008. 121 (4): p. e864-9.

10. Maisels M.J., Kring E. Length of stay, jaundice, and hospital readmission. Pediatrics, 1998. 101 (6): p.
995-8.

11. Sgro M., Campbell D., Shah V. Incidence and causes of severe neonatal hyperbilirubinemia in Canada.
CMAJ, 2006. 175 (6): p. 587-90.

12. Matteocci A., Rosa A.D., Buffone E., Pierelli L. Retrospective analysis of HDFN due to ABO incom-
patibility in a single institution over 6 years. Transfus Med, 2019. 29 (3): p. 197-201.

13. Akanmu A.S., Oyedeji O.A., Adeyemo T.A., Ogbenna A.A. Estimating the Risk of ABO Hemolytic
Disease of the Newborn in Lagos. J Blood Transfus, 2015. 2015 : p. 560738.

14. Newman T.B., Xiong B., Gonzales V.M., Escobar G.J. Prediction and prevention of extreme neonatal
hyperbilirubinemia in a mature health maintenance organization. Arch Pediatr Adolesc Med, 2000.154 (11):
p. 1140-7.

15. American Academy of Pediatrics Subcommittee on Hyperbilirubinemia. Management of hyperbiliru-
binemia in the newborn infant 35 or more weeks of gestation. Pediatrics, 2004. 114 (1): p. 297-316.

16. Han P., Kiruba R., Ong R., Joseph R., Tan K.L., Wong H.B. Haematolytic disease due to ABO
incompatibility: incidence and value of screening in an Asian population. Aust Paediatr J, 1988. 24 (1): p.
35-8.

17. Van Rossum H.H., De Kraa N., Thomas M., Holleboom C.A.G., Castel A., Van Rossum A.P. Comparison
of the direct antiglobulin test and the eluate technique for diagnosing haemolytic disease of the newborn.
Practical Laboratory Medicine, 2015. 3 : p. 17-22.

18. Izetbegovic S. Occurrence of ABO And RhD Incompatibility with Rh Negative Mothers. Mater So-
ciomed, 2013. 25 (4): p. 255-8.

19. Einarsdottir H., Ji Y., Visser R., Chunyan M., Guangping L., Scherjon S. H435-containing immunoglobu-
lin G3 allotypes are transported efficiently across the human placenta: implications for alloantibody-mediated
diseases of the newborn. Transfusion, 2014.54 (3): p. 665-71.

20. Bakkeheim E., Bergerud U., Schmidt-Melbye AC., Akkök C.A., Liestøl K., Fugelseth D. Maternal IgG
anti-A and anti-B titres predict outcome in ABO-incompatibility in the neonate. Acta Paediatr, 2009.98
(12): p. 1896-901.

6



P
os

te
d

on
A

u
th

or
ea

30
M

ar
20

22
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
64

86
49

01
.1

12
18

23
7/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. 21. Valsami S., Politou M., Boutsikou T., Briana D., Papatesta M., Malamitsi-Puchner A. Importance of
Direct Antiglobulin Test (DAT) in Cord Blood: Causes of DAT (+) in a Cohort Study. Pediatr Neonatol,
2015.56 (4): p. 256-60.

22. Kaplan M., Hammerman C., Vreman H.J., Wong R.J., Stevenson D.K. Hemolysis and hyperbilirubinemia
in antiglobulin positive, direct ABO blood group heterospecific neonates. J Pediatr, 2010. 157 (5): p. 772-7.

23. Garratty G., Glynn S.A., McEntire R. ABO and Rh(D) phenotype frequencies of different racial/ethnic
groups in the United States. Transfusion, 2004. 44 (5): p. 703-6.

24. Bhutani V.K., Johnson L., Sivieri E.M. Predictive ability of a predischarge hour-specific serum bilirubin
for subsequent significant hyperbilirubinemia in healthy term and near-term newborns. Pediatrics, 1999. 103
(1): p. 6-14.

25. Christensen R.D., Baer V.L., MacQueen B.C., O’Brien E.A., Ilstrup S.J. ABO hemolytic disease of the
fetus and newborn: thirteen years of data after implementing a universal bilirubin screening and management
program. J Perinatol, 2018. 38 (5): p. 517-525.

Legends

FIGURE 1 The distribution of blood type in the Affiliated Hospital of Qingdao University. The percentage of
type-O (O pos.), type-A (A pos.), type-B (B pos.) and type-AB (AB pos.) of blood donors in the Affiliated
Hospital of Qingdao University in northern China was 28.54%, 29.05%, 31.44% and 10.97%.

FIGURE 2 Significant differences between O-A/B and DAT-pos/neg subgroups. (a) The Hb levels in DAT-
positive (DAT-pos.) group (135.3±21.2 g/L) were lower than that in DAT-negative (DAT-neg.) group
(143.8±24.0 g/L). Values are expressed as the mean ± SD. *P< 0.05 by Student’s t-test. (b) Infants with
blood typeA (18.26%) have a higher DAT positive rate than those with blood type B (10.64%). *P < 0.05
by chi-square test.

FIGURE 3 The correlation analysis between peak TSB levels and postnatal age of admission. The postnatal
age of admission was positively correlated with the levels of peak TSB (r = 0.54, P<0.001).

FIGURE 4 Significant differences between the non-/severe hyperbilirubinemia groups and different postnatal
age of admission groups. (a) Peak TSB levels were significantly lower in the postnatal age of admission less
than 1-day group than in the other three groups, as well as in infants admitted at 2-3 days postnatal
than in those admitted at 4-13 days postnatal. Values are expressed as the median ± 95%CI. *P < 0.05
and **P < 0.001 by Kruskal-Wallis H test and P value adjusted by Bonferroni correction. (b) The severe
hyperbilirubinemia infants had a later postnatal age of admission than infants that did not develop severe
hyperbilirubinemia. Values are expressed as the mean ± SEM. *P < 0.001 by Mann–Whitney U test.

Hosted file

Table 1.docx available at https://authorea.com/users/470640/articles/562650-survey-of-the-

incidence-of-abo-haemolytic-disease-of-the-newborn-in-one-institution-in-northern-china

7

https://authorea.com/users/470640/articles/562650-survey-of-the-incidence-of-abo-haemolytic-disease-of-the-newborn-in-one-institution-in-northern-china
https://authorea.com/users/470640/articles/562650-survey-of-the-incidence-of-abo-haemolytic-disease-of-the-newborn-in-one-institution-in-northern-china


P
os

te
d

on
A

u
th

or
ea

30
M

ar
20

22
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
64

86
49

01
.1

12
18

23
7/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

figures/Figure-1/Figure-1-eps-converted-to.pdf

8



P
os

te
d

on
A

u
th

or
ea

30
M

ar
20

22
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
64

86
49

01
.1

12
18

23
7/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

figures/Figure-2/Figure-2-eps-converted-to.pdf

9



P
os

te
d

on
A

u
th

or
ea

30
M

ar
20

22
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
64

86
49

01
.1

12
18

23
7/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

figures/Figure-3/Figure-3-eps-converted-to.pdf

10



P
os

te
d

on
A

u
th

or
ea

30
M

ar
20

22
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
64

86
49

01
.1

12
18

23
7/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

figures/Figure-4/Figure-4-eps-converted-to.pdf

11


