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Abstract
The determination of the frequency of HDFN found in jaundiced
newborns in Sudan was the goal of the analysis. In Omdurman
maternity inside a Sudanese hospital, 220 mothers and their babies
who had jaundice altogether were received in hospital-Sudan and
a prospective cross-sectional hospital-based analysis was carried
out them. In addition to ABO and Rhesus blood group typing,
indirect antiglobulin test (IAT) and direct coomb's test (DAT) was
applied for mothers and their jaundiced newborns, respectively.
IgG anti-A and anti-B were checked inside the infant’s plasma to
detect any incompatibility of ABO. The infant’s blood samples
were taken and it underwent the tests of Hemoglobin, Reticulocyte
count, thin blood films, and packed cell volume to check the
hemolytic status of the baby. The history of abortion, prophylactic
anti-D and blood transfusion was written as well. From the
analysis, 57.3% (63/110) was the fetus’s and newborn's frequency
of hemolytic disease among the studied subjects. The ones with
incompatibility of ABO are 28.6% (18/63), and the ones with
incompatibility of Rh (D) are 20.6% (13/63) even while
prophylactic anti-D was used, while 50.8% (32/63) as a result from
other blood groups antigens. The study concluded that the most
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common cause of HDFN in the studied population is from the other
blood group antigens. The analysis also showed that the happening
of Rh (D) HDFN wasn’t erased in spite of the Rh immunoglobulin
usage.
Keywords: ABO, Rh (D), Hemolytic disease of the fetus and
newborn, Blood groups

Introduction
In 1609, a French midwife and her twins were considered as the
first case received in HDN. In 1932, Diamond and his colleagues
defined the word erythroblastosis fetalis, just as soon as they
discovered there was a link in the circulation between jaundice,
fetal hydrops, erythroblasts, and anemia (Myle & Al-Khattabi,
2021). In 1940, Landsteiner and Weiner found the Rh blood group
system, and later on, Levine figured out the source of the disease.
Chown found the pathogenesis of Rh alloimmunization to be due
to hemorrhage which leads to the invasion of maternal circulation
as a result of the passage of fetal RBCs carrying Rh positive
antigen with a negative Rh antigen (Myle & Al-Khattabi, 2021).
In 1971, a recommendation was made by the World Health
Organisation (WHO) that for every one mL of fetomaternal
hemorrhage of Rh-positive packed RBCs or two mL of whole
blood, a dose of 25 mcg (125 IU) of anti-D (IgG) immunoglobulin
shall be administered intramuscularly, to stop the happening of
HDN (Myle & Al-Khattabi, 2021). In 1998, the suggestion to
include prophylaxis dose at 28 weeks gestation was reinforced by
the American College of Obstetrics and Gynecologists and the
American Association of Blood Banks (Pegoraro et al., 2020).
In a mother’s blood group O and fetuses blood group A or B, HND
arises as a result of the incompatibility of ABO; spherocytosis is
visible inside their peripheral blood film as well as a few
erythroblasts, dissimilar to the incompatibility Rh (D), that possess
a lot of erythroblasts (erythroblastosis fetalis) plus a small number
of spherocytes (Hendrickson & Delaney, 2016). For the antibody
screening that is carried out in most advanced countries, all
pregnant women have a clear guideline, dissimilar to countries like
Sudan, which is a developing country. According to what has been
reported in the literature, alloimmunization frequency is widely
varied from one area to another (Sperling et al., 2018; Webb &
Delaney, 2018; Erickson, 2020; Li et al., 2020). All pregnant
women, except for women who have a HDN history or women
with a negative D antigen, may not be expected to undergo routine
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antibody screening because it may not be necessary (Moinuddin et
al., 2019; Yang et al., 2019).
Published literature shows that there was no data available
concerning HDN in Sudan. Therefore, the analysis made it a goal
to round off the frequency of hemolytic disease of the fetus and
newborn (HDFN) found in Sudanese newborns infected with
jaundice.

Materials and Methods
It happened in a hospital in Sudan (Omdurman maternity hospital)
and it is a study based on hospitals that was eventual and divisional.
110 newborn babies with jaundice and their 110 mothers took part
in this investigation. A set of laboratory tests such as Direct
coomb's test (DAT) for the jaundiced newborn and indirect
antiglobulin test (IAT) for their mothers was carried out to confirm
HDN, in addition to the identification of ABO and Rhesus (D)
blood group types. By the use of indirect antiglobulin test, the
existence of IgG anti-A and anti-B was examined to check for any
incompatibility of ABO that may lead to ABO and HDN in babies,
using A1, B, and O cells. Sysmex KX-21N was utilized in the
measurement of Hb and PCV. To check red cells that are nucleated
and spherocytes that show the hemolytic state and confirm the
ABO HDFN, reticulocyte count and a thin blood film that is
stained were executed (SIR John et al., 2011; Hendrickson &
Delaney, 2016).
The measurement of reticulocyte count and overall serum bilirubin
was executed. Additionally, the prophylactic anti-D, abortion, and
blood transfusion records were collected, together with the
mortality data of the newborns at the time which the testing period
commenced. The 26th version of SPSS was utilized to study
ANOVA, frequencies, and descriptive statistics tests. For an
estimate equivalent to or below 0.05, the p-value is regarded,
statistically, as significant.

Results and Discussion
110 newborn babies infected with jaundice and their 110 mothers
altogether were accepted by the Omdurman maternity hospital. In
(57.3%) 63/110 of the newborn babies and (42.7%) 47/110 of the
mothers, the fetus and newborn's hemolytic disease frequency was
observed with no traces of HDFN, based on the analysis results.
Regarding how frequent HDFN is among ABO, Rh (D), and other
blood groups antigens, the percentage of newborns that were ABO
incompatible with their mothers were 20%, the percentage of
newborns with HDFN was 90% (18/20), and those without any
traces of HDFN was 10% (2/20). In contrast, 15 of the newborns
were Rh (D) incompatible with their mothers, 86.7% (13/15) of
them had HDFN, and 13.3% (2/15) did not show the criteria of
HDFN. Contrary to the previous analysis, the percentage of
newborns with HDFN because of other blood group systems was
43.2% (32/74), whereas the ones without any traces of HDFN was
56.8% (42/74). It is shown in Table 1 below:
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Table 1. frequency of HDFN among ABO, Rh (D), and other
blood groups
HDFN

ABO

Rh (D)

Other blood groups

Positive

18 (90%)

13 (86.7%)

32 (43.2%)

Negative

2 (10%)

2 (13.3%)

42 (56.8%)

Total

20

15

74

It was disclosed by the analysis of the overall net frequencies
among the studied population that the percentage of newborns that
had HDFN because of the incompatibility of Rh (D) was 20.6.%
(13/63), the percentage of newborns that possessed ABO HDFN
was 28.6% (18/63), and the percentage of those that had HDFN
because of antigens of other blood groups was 50.8% (32/63). It is
shown in Figure 1 below:

20.60%

50.80%
28.60%

HDN due to other blood group systems
ABO HDN
Rh (D) HDN

Figure 1. Frequency of Hemolytic disease of the fetus and
newborn (HDFN) among the studied population
Direct Antiglobulin Test results were positive in all newborns with
Rh (D) and other blood groups HDN in addition to the positivity
of the Indirect Antiglobulin Test among their mothers. In contrast,
DAT showed positivity only in 38.9% (7/18) of the newborn who
had ABO HDN, while the detection of the existence of IgG anti-B
and anti-A in serum, by the checking of antibodies, was found
positive in all of the instances.
Despite the apparent increase in the total serum bilirubin (13.3
mg/dl) and reticulocyte count (9.2%) in the newborns with ABO
HDFN compared to HDFN due to Rh (D) (11.5 mg/dl) (8.2%) and
HDFN due to other blood groups (12.1 mg/dl) (6.2%), there was
no statistical difference obtained. P- value = 0.53, P-value = 0.12
respectively. Tables 2 and 3.
Table 2. Total serum bilirubin among different types of HDFN
Mean
Minimum Maximum
STD
P.vlue
(mg/dl)
(mg/dl)
(mg/dl)

Type of HDFN

N

Rh (D) HDFN

13

11.5

6.3

4.5

28.0

ABO HDFN

18

13.3

5.0

6.1

23.6

Other blood
group HDFN

32

12.1

3.6

5.1

20.8

0.53
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Table 3. Reticulocyte count among different types of HDFN
Mean
Minimum Maximum
STD
P-value
(%)
(%)
(%)

Type of HDFN

N

Rh (D) HDFN

13

8.2

4.0

2.0

14.0

ABO HDFN

18

9.2

6.3

0.6

25.0

Other blood
group HDFN

32

6.2

4.5

0.2

25.0

0.12

O-B (O mothers, B baby) was shown by the mean total of serum
bilirubin among ABO HDFN (TSB), to be higher than group O-A
(O mothers, A baby), (15.6mg/dl) versus (13.6mg/dl) respectively
[ The blood group O mothers gave birth to newborns with blood
group B and they were 11 whereas 9 babies were from the blood
group A].
38.5% (5/13) of the mothers that were Rh D negative had an
abortion record without prophylactic anti-D. On the initial day of
the last delivery, prophylactic anti D was administered to 46.2%
(6/13). The dose was not standardized, which is unfortunate. 15.4%
(2/13) were the remaining mothers and they did not have any
record of abortion or blood transfusion. 63.2% (12/19) of those
newborns were infected with HDFN and 17.3% (19/110) of the
newborns with jaundice have died as shown by the mortality rate
during the analysis time.
The investigation carried out on hemolytic disease of the fetus and
newborns in Sudan wasn’t carried out accordingly and it wasn’t
standardized; in diagnosing hemolytic disease of a newborn, most
hospitals depend on the blood group incompatibility and result of
DAT.
As a result of the lack of proper assessment for women that are
pregnant and very limited antenatal care for those groups that are
critical, HDFN is currently a big issue mainly in developing
countries. Curing HDFN is more difficult than the prevention of
HDFN. The early decision-making and attention that was given to
this condition were reinforced by the availability of data about the
distribution and frequency of HDFN, knowing the clues about the
happenings and forms of HDFN was what this analysis targeted.
In Sudan, a large frequency of HDFN (57.3%), was revealed by the
present analysis. Francesco Bennardello and Giuseppe Curciarello
(2010) carried out an Italian study in which HDN was at hand in
55.5% of their surveyed group. Their study was following this
frequency (Bennardello & Curciarello, 2013).
A diagnosis of ABO HDFN was made in (16.4%), in the current
analysis; Bhat YR and Kumar CG, in 2012 (17.3%), agreed with
this frequency to the Indian study (Routray et al., 2021) but when
Feng CS, Wan CP, et al., who was from Hong Kong, found the
incidence of ABO HDFN was 20% among infants with a serum
bilirubin level of 300 mmols/L or more, it slightly reduced than
frequency (Bi et al., 2019), and our results were slightly lower than
this. It may be because their serum bilirubin concentration criteria
was short. (0.7%) 1,456 / 203,384 of the newborns with ABO HDN
were seen in an Italian analysis made by Francesco Bennardello

and Giuseppe Curciarello (2010) as well (Bennardello &
Curciarello, 2013).
O-A HDFN was less severe than O-B HDFN based on this study,
and Kaplan M and Na'amad M agreed with these findings in their
study, which supposed that: exchange blood transfusion could be
the result of severe hemolysis and severe hemolysis could be
caused by anti-B IgG (Ullah et al., 2016). Additionally, YR and
Kumar CG’s study was contradictory with it, which resulted to an
equal incidence in severity being found between them (Routray et
al., 2021).
Jeffrey Maisels' study agreed with our results when the positivity
of DAT among ABO HDFN is put into consideration (Mitra &
Rennie, 2017), which found that: on the one-third of ABO HDFN,
an antiglobulin test that was positive and direct was sensed.
Because of the Rh D antigen, HDFN was still existing, as the study
showed. Nevertheless, prophylaxis IgG (D) immunoglobulin was
utilized; our results are concordant with several previous studies
(Bi et al., 2019; Erickson, 2020; Routray et al., 2021). which may
indicate improperly or shortage of immunoglobulin dose. In the
last trimester, immunization with fetal RBCs might be carried out.
Rh D-negative mothers, who were in their last trimester, were not
given the prophylactic dose of anti D in most developing countries,
and it must be taken as a guideline for all pregnant women that
were Rh D-negative who had Rh D-positive husbands.
The present study demonstrated a high frequency of HDN due to
other blood groups, and Bennardello and Giuseppe Curciarellos’
study was slightly lower this frequency; (94 / 203,384 cases HDN
was due to other irregular antibodies) (Bennardello & Curciarello,
2013), the ethnic population difference in the studied population
may be the cause of the contrast in the frequencies. Mortality data
were recorded among the studied newborns, and it was agreed with
the previous data of Nilgün A (Bennardello & Curciarello, 2013).
Limitation
Due to the high cost of providing an antibody identification panel,
we could not identify the antibodies resulting from mother sera
having HDNF due to other blood groups. More studies are needed
to identify the type of antibodies in HDFN from other blood
groups.

Conclusion
There was a high frequency of hemolytic disease of the fetus and
newborns among the newborn babies infected with jaundice and
the other blood groups are the cause of the most common type of
HDFN, which is accompanied by ABO and Rh (D)
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