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ABSTRACT

Haemolytic Disease of the Foetus and Newborn (HDFN) is a common cause of foetal morbidity involving the
incompatibility of alloimmunised maternal erythrocyte IgG antibodies and foetal erythrocytes causing haemolysis
in the neonate. HDFN severity will depend upon the maternal erythrocyte antibody specificity and the antibody
titre strength of the antibody. The primary aim of this review is to determine what is the relative risk of neonatal
hyperbilirubinaemia and anaemia when comparing different erythrocyte antibody specificities present in pregnant
mothers known to cause haemolytic disease of the foetus and newborn? To obtain appropriate papers to be used
in this study, Scopus, Pubmed and Embase databases employed using the search dates from January Ist 2012 until
August 31st 2022 using a range of keywords. Meta-analysis was conducted on these papers using Openmeta analyst
software using binomial random effects proportion-based analysis employing the Arcsine transformed proportion
metric with a maximum likelihood random effects method. Upon analysis of included studies maternal anti-D had
the greatest risk of causing neonatal anaemia of 34.9% (95% CI (0.195-0.522), p<0.001), followed by anti-c with
a relative risk of 26.2% (95% CI (0.120-0.435), p<0.001) and with anti-Kell with a relative risk of 15.4% (95% CI
(0.041-0.321), p<0.001). Maternal anti-c appears to have the highest relative risk of hyperbilirubinaemia with 65.2%
(95% CI (0.412-0.857), p<0.001), anti-D with a relative risk of 55.5% (95% CI (0.291-0.804), p<0.001) and then
anti-Kell with a relative risk of 30.0% (95% CI (0.049-0.648), p=0.001).
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INTRODUCTION transfusion or during traumatic events during pregnancy such as falls
or car accidents. The most common sensitising event is giving birth
itself as it is highly traumatic with a high chance of foetal erythrocytes

being transferred into the maternal circulatory system. Therefore,

Haemolytic disease of the foetus and new-born

Haemolytic Disease of the Foetus and Newborn (HDFN) is an

immunological condition that occurs when IgG alloantibodies to
specific blood group antigens in a pregnant mother’s serum pass
through the placenta and react with foetal erythrocytes possessing the
corresponding antigen causing haemolysis [1]. HDEN range from mild
to severe depending on the specificity and the titer of the maternal
alloantibody that manages to cross the placenta and interact with
foetal erythrocytes. Severe cases of HDFN can cause foetal anaemia
and hyporegenerative anaemia which can lead to Foetal Death In
Utero (FDIU) or other sequelae if not treated correctly [1].

Maternal alloimmunisation

Alloimmunisation of erythrocyte antigens can happen during blood

there is an increased risk of HDFN in multigravida women for each
subsequent pregnancy. This is especially true in cases of mothers with
children from multiple fathers as each father’s erythrocytes have their
own red cell antigen phenotype leading to the potential for different
antigenic phenotypes being present on foetal erythrocytes [2].

Alloantibody prevalence in HDFN

Historically the most prevalent maternal alloantibody that caused
HDFN is Anti Rhesus D (Rh(D)). This is due to the Rhesus D
antigen being highly immunogenic with approximately 42.7%
alloimmunisation rate in Rh(D) negative patients when exposed to
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Rh(D) positive blood in one study [3]. Due to routine prophylaxis
of Rh(D) negative females with commercially produced Anti-D in
developed countries, the alloimmunisation of Rh(D) negative mothers
to the Rh(D) antigen has declined to approximately 10% in one study
[4]. Depending on maternal and paternal ethnicity Anti-E has become
the most encountered clinically significant maternal alloantibody that
causes HDFN followed by Anti-K [5].

The use of prophylactic anti Rh(D) to reduce the risk of
HDFN

In most developed countries commercially produced Anti Rh(D) IgG
is administered to pregnant mothers who have an Rh(D) negative
phenotype. In Australia, according to the National Blood Authority’s
“Guidelines on the prophylactic use of Rh D immunoglobulin in
obstetrics” (NBA) anti-Rh(D) is routinely administered at 28 and 34
weeks of pregnancy (625 IU) and postpartum (625 IU). Anti Rh(D)
is also administered during sensitising events taking place throughout
the entire pregnancy with a dose of 250 U in the first trimester and
625 TU beyond the first trimester [6]. The use of administered anti
Rh(D) is to bind to any Rh(D) positive foetal erythrocytes present in
the maternal circulation. Once the anti Rh(D) binds to the Rh(D)
antigen on the foetal erythrocytes the macrophages in the spleen of
the mother will phagocytose the foetal erythrocytes reducing the risk
of alloimmunisation of anti Rh(D) in the mother [7].

Laboratory monitoring of HDFN and sensitising events

If a pregnant mother is believed to be at risk of a sensitising event, a
Kleihauer-Betke test may be ordered. This test involves the collection
of maternal peripheral blood and after smearing and staining on a
microscope slide, the peripheral blood film is assessed to see how
much foetal blood is present in the maternal circulatory system. [8]
Once the foetal bleed has been calculated, a corresponding amount
of anti Rh(D) is administered to Rh(D) negative mothers to prevent
alloimmunisation of anti Rh(D). If the Kleihauer-Betke test is positive
for foetal blood, a Haemoglobin-F flow cytometry test may be ordered
as a more accurate quantification of the foetal bleed that has taken
place [8].

If a pregnant mother has already been alloimmunised with an
erythrocyte antibody, antibody titres are conducted throughout the

pregnancy to monitor the concentration of the alloantibody present in
the maternal circulation [9].

Rationale of the review

Preventing alloimmunisation in women of childbearing age is
paramount in reducing the risk of HDFN. Many countries have
routine prophylaxis programs to prevent Rh(D) alloimmunisation
while also preventing women of childbearing age of receiving Kell
antigen positive blood products to reduce the risk of forming anti-Kell
[10]. This is because the Kell antigen is highly immunogenic and can
cause severe HDFN if a pregnant mother is alloimmunised.

HDEFN is still a cause of neonatal mortality even after the introduction
of routine prophylaxis in developed countries [11]. It is important that
the most clinically significant erythrocyte antibodies that cause HDFN
are identified so that further precautions can be taken when transfusing
females of childbearing age, such as selecting blood products that are
negative for these antigens.

Aim of the study

The primary aim and research question of this study is: What is the
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relative risk of neonatal hyperbilirubinaemia and anaemia when
comparing different erythrocyte antibody specificities present in
pregnant mothers known to cause haemolytic disease of the foetus
and newborn?

This study examines mothers who have given birth while having
an erythrocyte antibody known to cause HDFN and examining
haemoglobin and bilirubin levels present in the neonatal after birth.
Each antibody specificity will then be assessed on its relative risk to
cause foetal anaemia and hyperbilirubinaemia. This study will provide
insight into which antibody sensitivities have the highest statistical risk
to cause foetal anaemia and hyperbilirubinaemia.

Study hypothesis

Pregnant mothers with alloimmunised anti-Rh(D) will present with
the highest relative risk of neonatal hyperbilirubinaemia and anaemia,
compared with mothers who have other antibody specificities.

METHODOLOGY

Study design

Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) protocols were employed within this systematic review
to aide in the identification and collation of peer reviewed studies
[12]. Papers selected via these protocols were also subject to quality
assessment through the application of Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) checklist [13].

Search strategy

To obtain appropriate papers to be used in this study, Scopus, Pubmed
and Embase databases employed using the search dates from January
Ist 2012 until August 31st 2022. Search terms included the phrases
“Anti D alloimmunisation”, “Rh(D) alloimmunisation”, “Haemolytic
disease of the foetus and Newborn Rh(D)”, “Foetal Maternal
Haemorrhage Rh(D)”. Alternate combinations of these phases were
also used in conjunction with American English spelling of the words
“Alloimmunization” and “Fetus”. Further papers were identified
through manual searches that were missed with database searches.
These papers were identified using Google Scholar. The number of
pages obtained in these searches and papers included in this study and

highlighted within the PRISMA Flowchart in Figure 1.
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Figure 1: Preferred Reporting Items for Systematic Reviews and Meta-
analysis (Prisma) flowchart displaying study selection from database
searches to included studies within this review.
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Selection criteria

Papers identified using the search terms discussed above were assessed
based on their titles and abstracts. Eligible articles included studies
of pregnant women who were alloimmunised with an erythrocyte
antibody and the effect on their newborn baby and any treatment the
neonate received. Articles were excluded from this analysis based on
the following criteria: Language not in English, Full text not available,
results not containing antibody specificities or neonatal treatment,
single case study or meta-analysis. Each article that was eligible for
inclusion in this analysis was subject to examination through the

STROBE checklist [13].
Data extraction

Data from included studies to be used in this analysis have been
organized in Table 1 with the primary authors name, year published,

Table 1: Characteristics of eligible studies including the patients antibodies.
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country of origin, study period and information regarding sample
size and relevant data for the review. Raw data used in the statistical
analysis of the review have been placed in Table 2 organized by article,
antibody specificity and neonatal treatment in relation to HDFN.

Statistical analysis

Open Meta Analyst Version 12.11.4 was utilized to combine data
from included studies to form the basis of the meta-analysis [14].
Using the Open Meta Analyst software, the extracted data from
included studies in Table 2 was subject to binomial random effects
proportion-based analysis using the Arcsine transformed proportion
metric with a maximum likelihood random effects method employed.
Using this method forest plots were created examining the relative
risk of neonatal anemia and hyperbilirubinaemia based on maternal
erythrocyte antibody specificity. In this review, a pvalue of <0.05 is
considered statistically significant.

Country of Number of Incidence Patients with Patients with
Study Study design Study period M X of allo- . non-Anti-D
study pregnancies .. Anti-D P
immunisation antibodies
Gottvall, et al. 2008 [14] Retrospective 1992-2005 Sweden 78,145 376 120 196
Hassan, et al. 2014 [15] Cross-Sectional 2009 Malaysia 5,163 30 3 44
Rath, et al. 2013[16] Retrospective 2000-2011 Netherlands  (Not Displayed) 393 296 17
Mandal, et al. 2021 [17] Observational ~ (Not Displayed) India 652 18 13 4
Koelewijn, et al. 2008 [18] Prospective 2003-2004 Netherlands 3,05,000 2,359 (Not assessed) 2359
Karim, et al. 2014 [19] Descriptive  (Not Displayed) Pakistan 1,000 18 2 16
Yang, et al. 2019[20] Retrospective 2012-2017 South Korea 1,508 37 7 30
Chatziantoniou, et al 2017 Retrospec'tive 2006.2013 pnited 130 93 48 45
[21] descriptive Kingdom
Bollason, et al 2017 [22] Retrospective 1996-2015 Iceland 87,437 648 150 498
Dajak, et al 2011 [23] Retrospective 1993-2008 Croatia 85,600 1,105 196 909
Chandrasekar, et al 2001{24]  Retrospective 1999-2000 Ireland 34913 85 (Not assessed) 85

Note: *Transfusion required includes
Abbreviations: IUT : Intrauterine Transfusion; ET: Exchange Transfusion; BT=Blood Transfusion
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Table 2: Neonatal Treatment by antibody specificity in reported studies.
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Anti-Rh(D) Anti-K Anti- Rh(c)
Transfusion Phototherapy Transfusion Phototherapy Transfusion Phototherapy
Study
Required* Required Total required” Required Total  Required® Required Total
Yes No Yes No No Yes No Yes No Yes No
Gottvall, et al. 2008 [14] 21 50 11 60 71 4 19 23

Hassan et al. 2014{15] 1 2 3 0 3 2 2 0 2
Rath, et al. 2013 [16] 61 42 101 2 103 11 11 21 1 22

Mandal, et al. 2021 [17]

Koelewijn, et al. 2008 [18]

14 8 11 19 12 106 39 79 118

Karim, et al. 2014 [19] 1 3 4

Yang, et al. 2019 [20] 3 4 7

Chatziantoniou, et al. 2017

(21]
Bollason, et al. 2017 [22] 3115 29 99 128
Dajak, et al. 2011 [23] 66 104 170 4 6 20 14 34

Chandrasekar, et al. 2001 [24]

35 1 35 36 2 18 10 10 20

RESULTS

Study selection

Using the search strategy described previously 8,414 articles were
obtained from Pubmed, Scopus and Embase databases. With the use
of Endnote citations manager software duplicate articles were removed
from the database search yielding 4,130 articles. The following articles
were then screened for relevance to the research question based on
their titles and abstracts leaving 187 articles to be assessed for eligibility.
These 187 articles were then examined and 180 were removed based
on the selection criteria above. Manual searching on Google Scholar
yielded a further 4 papers that were outside the date range for the
database searches. In total 11 articles were accepted and are outlined

in Table 1.
Search characteristics

11 relevant studies were included in this meta-analysis after
screening through the literature. These 11 studies describe HDFN
based on maternal erythrocyte antibody specificity and describe
neonatal treatment that was required based on severity of neonatal
hyperbilirubinaemia and anaemia. These 11 studies were a mix
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of retrospective, crosssectional, observational, prospective and
descriptive study designs [15-25]. The studies were conducted in 10
different countries and included a myriad of antibody specificities
which were observed to cause HDEN, however, only anti Rh(D),
anti-Kell and anti-Rh(c) are covered in this review [15-25]. Within
this review, neonatal anaemia is classified as the neonatal requiring
Intrauterine Transfusion (IUT), Exchange Transfusion (ET) or Blood
Transfusion (BT) and neonatal hyperbilirubinaemia is classified as the
neonatal requiring phototherapy. Each of these studies described how
many pregnancies took place with different antibody specificities and
the treatment that was required for the neonatal of each pregnancy
pre-natal and postpartum [15-25].

Quality assessment of included studies

Each of the studies included in this review were analysed using the
STROBE checklist for methodological quality. Table 3 displays all the
included studies in this review alongside relevant criteria taken from
the STROBE checklist. All the studies included in this review were
of high quality and fulfilled most of not all the relevant STROBE
criteria. However, it should be noted that two articles failed to describe
a timeframe for their study period decreasing the value of their results

[18,20].
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Table 3: Evaluation of included studies using the STROBE Checklist.
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Gottvall, Hassan, Rath, Mandal, .. Karim, Yang, Dajak,
Koelewijn, . R Bollason,
et al. etal. etal. etal ¢ al. 2008 etal. etal. Chatziantoniou, ¢ al 2017 et al Chandrasekar,
2008 2014 2013 2021 °© a[‘l ql 2014 2019 etal 2017 [21] © ?22] 2011 et al 2001 [24]
[14] [15] [16] [17] [19]  [20] [23]
Title and abstract
Includes study design Y Y Y Y Y Y N Y Y Y Y
Includes balanced summary of v v v v v v v v v v v
the study
Introduction
Explains scientific rational for v v v v v v v v v v v
the study
States objectives of the study Y Y Y Y Y Y Y Y Y Y Y
Methods
Describes study period dates and v v v N* v N* v v Y v v
locations
Gives eligib.il.ity criteria of v v v v v v v v v v v
participants
Results
Report numbers of outcome v v v v v v v v v v v
events
Discussion
Summarise key results and Y v v v Y v v v v Y v

findings

Note: *Study period not defined

Meta-analysis of incidence of alloimmunisation

A forest plot was created representing the incidence of maternal
alloimmunisation. All the included studies which displayed a sample
size were included, (Rath, et al. was excluded from this forest plot due to
only displaying pregnancies with maternal alloimmunised antibodies.)
The one arm proportion analysis for maternal alloimmunisation
showed the incidence was 1.6% (95% CI (0.012-0.021); p<0.001).
Included studies for this parameter showed to have a high degree of
heterogeneity (12= 99.136; p<0.001).

Meta-analysis of risk of anaemia due to maternal
alloimmunisation

Forest plots were created representing the relative risk of neonatal
anaemia requiring treatment through transfusion for included studies
with relevant data. The one arm proportion analysis for mothers with
an Anti-Rh(D) antibody specificity were shown to have a moderate
risk of causing neonatal anaemia requiring treatment through HDEN,
with a relative risk of 34.9% (95% CI (0.195-0.522); p<0.001).
Included studies for this parameter showed to have a high degree of
heterogeneity (I12= 91.527; p<0.001).

The one arm proportion analysis for mothers with an Anti-Rh(c)
antibody specificity were shown to have a moderate risk of causing
neonatal anaemia requiring treatment through HDFN, with a relative
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risk of 26.2% (95% CI (0.120-0.435); p<0.001). Included studies for
this parameter showed to have a high degree of heterogeneity (12=
83.459; p< 0.001).

The one arm proportion analysis for mothers with an Anti-Kell
antibody specificity were shown to have a low risk of causing neonatal
anaemia requiring treatment through HDFN, with a relative risk of
15.4% (95% CI (0.041-0.321); p<0.001). Included studies for this
parameter showed a moderate level of heterogeneity (12=46.224;
p=0.051).

Meta-analysis of risk of hyperbilirubinaemia due to
maternal alloimmunisation

Forest plots were created representing the relative risk of neonatal
hyperbilirubinaemia requiring treatment through phototherapy for
included studies with relevant data. The one arm proportion analysis
for mothers with an Anti-Rh(D) antibody specificity were shown to
have a high risk of causing neonatal hyperbilirubinaemia requiring
treatment through HDFN, with a relative risk of 55.5% (95% CI
(0.291-0.804); p<0.001). Included studies for this parameter showed to
have a high degree of heterogeneity (12=95.082; p<0.001).

The one arm proportion analysis for mothers with an Anti-Rh(c)
antibody specificity were shown to have a high risk of causing neonatal
hyperbilirubinaemia requiring treatment through HDFN, with a
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relative risk of 65.2% (95% CI (0.412-0.857); p<0.001). Included
studies for this parameter showed to have a high degree of heterogeneity
(12=82.959; p<0.001).

The one arm proportion analysis for mothers with an Anti-Kell
antibody specificity were shown to have a moderate risk of causing
neonatal hyperbilirubinaemia requiring treatment through HDEN,
with a relative risk of 30.0% (95% CI (0.049-0.648); p=0.001).
Included studies for this parameter showed to have a high degree of
heterogeneity (12=79.468; p<0.001).

DISCUSSION

HDEN has always been a major cause of foetal and neonatal fatality
even after the introduction of routine prophylaxis to prevent maternal
anti D alloimmunisation in developed countries. After conducting
a metaanalysis on the three most prevalent erythrocyte antibody
specificities known to cause HDFN several findings were observed.

Firstly, after assessing all the pregnancy data within the included studies,
the incidence of alloimmunisation in pregnancy is approximately
1.6% (95% CI (0.012:0.021) p<0.001). The forest plot in Figure 2
included all the included studies in the review apart from Rath, et al.
[16,17]. This is because Rath, et al. did not include a sample size and
only included alloimmunised cases within their study. Including this
study within the forest plot would have placed their alloimmunisation
rate at 100% creating a false outlier on the plot negatively affecting
the incidence of alloimmunisation result. When viewing the forest
plot, it is observed that Chatziantoniou, et al. is a major outlier
sitting above the mean at approximately 71.5% alloimmunisation
rate [21,22]. This is because the data within their study only included
high risk pregnancies which happened to include many pregnancies
with maternal alloimmunisation. When excluding Chatziantoniou,
et al. the incidence of alloimmunisation within included studies are

approximately 1% (95% CI (0.06-0.016)) [21,22].

[studies

[Gottval et al 2008

‘ang et al 2019
[chatziantoniou et al 2017
[Bollason et al 2017
[Dajak et al 2011
[chandrasekar et al 2001 0.002 (0.002, 0.003)
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[overall (1"2299.14 % , P< 0.001) 0.016 (0.012, 0.021) 4769/599548 §

2 04 o
Incidence of Matemal Aloimmunisation

OPEN aACCESS Freely available online

prevent the alloimmunisation of women of childbearing age to Anti-c
such as matching Rh<c) when transfusing women of childbearing age
or maybe developing an Rh(c) prophylaxis program potentially in the
future.

Finally, when observing the results of the relative risk of
hyperbilirubinaemia requiring treatment forest plots, maternal anti-c
appears to have the highest relative risk with 65.2% (95% CI (0.412-
0.857), p<0.001), followed by anti-D with a relative risk of 55.5% (95%
CI (0.291-0.804), p<0.001) and then finally anti-Kell with a relative
risk of 30.0% (95% CI (0.049-0.648), p=0.001). When observing these
results, it should be noted that all these risk percentages are quite high
when compared to the risk percentages of neonatal anaemia. This
is due to phototherapy being an early more conventional treatment
of HDEN whereas transfusions are more invasive and are usually for
more severe cases of HDFN. Anti-Kell HDFN is more known to cause
hyporegenerative anaemia due to suppression of foetal/neonatal
erythropoiesis. However, from the results of the forest plots it is also
important to know that the extravascular haemolysis component of
maternal anti-Kell HDEN is still significant [26]. Hassan, et al. noted
that all newborns from anti-Kell alloimmunised mothers developed

mild jaundice Figure 3 [15,27].

=a1.53% , P<0.001) 0.4

Stuies

Hassan etal 2014
Koelewin et al 2008
Chatzianioniau ot al 2017
Daak etal 2011
Chancrasekar et 312001

Overall(*2=46.22 % , P=0.051) 0.15¢ (0

Riskof Neonatal Anaemia Cue fo atemal Ami.Kel

Figure 3: Forest plots of meta-analysis on the risk of neonatal anaemia
requiring treatment due to maternal alloimmunisation for maternal
Anti-D, Anti-c and Anti-Kell. Included studies which contained data
based on each antibody specificity and outlined treatment of neonatal
anaemia were included in these forest plots.

Figure 2: Forest plot of metaanalysis on the incidence of

alloimmunisation within the included studies.

Secondly when viewing the results of the relative risk of anaemia
requiring treatment forest plots, maternal anti-D appears to have the
highest relative risk with 34.9% (95% CI (0.195-0.522), p<0.001),
followed by anti-c with a relative risk of 26.2% (95% CI (0.120-0.435),
p<0.001) and with anti-Kell having the lowest relative risk of 15.4%
(95% CI (0.041-0.321), p<0.001). Anti-D having the highest risk
of causing HDFN is quite well known and numerous measures are
taken to prevent alloimmunisation of women of childbearing age with
anti-D, such as, Anti-D prophylaxis throughout pregnancy and during
sensitising events and avoiding giving Rh(D) positive blood products
to women of childbearing age. However, when viewing the results of
the relative risk of anaemia it should be noted that anti-Rh(c) also has
quite a similar chance to cause neonatal anaemia requiring treatment
as anti-D. These results show that maybe more should be done to
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Since the studies included in this analysis took place all over the world
this would mean that the data gathered would be from mothers and
newborns of different ethnic backgrounds. From what is known in
the literature, different ethnicities tend to have different erythrocyte
antigen frequencies [28]. For example approximately 15% of the
Caucasian population is believed to be Rh(D) negative, whereas only
3-5% of the black African population are known to be Rh(D) negative.
This variance in antigen frequency would help account for the high
degree of heterogeneity shown within all the forest plots produced
within this review as since the included studies are from different
countries the difference in ethnic backgrounds of the participants
would vary the alloimmunisation results of each antibody specificity
significantly [28].

When examining limitations of this review it must be noted that
using patient treatment statistics as an assessment of anaemia and
hyperbilirubinaemia could affect the results significantly. This is
because those different hospitals have their own guidelines for
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treatment and use different haemoglobin and bilirubin thresholds
before administering treatment. This is especially true for the included
studies of this review as they are from different nationalities and include
different regimens. For example, Gottvall, et al. described postpartum
ET taking place when Hb<120 g/L or bilirubin>110 mmol/L [14,15].
Hassan, et al. only had one baby who needed a blood transfusion
in their study in Malaysia at Hb 116 g/L [15,16]. Rath, et al. had ET
take place at Hb 82.6 g/L on average for maternal anti-c antibodies
and for Hb 82.1 g/L on average for maternal anti-D antibodies in the
Netherlands. These differences in treatment regimens would cause
variance between neonatal treatment data between hospitals and
nationalities and may cause inaccuracy of results when examining
risk of neonatal anaemia and hyperbilirubinaemia when compared to
examining direct neonatal bilirubin and haemoglobin results Figure
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Figure 4: Forest plots of meta-analysis on the risk of neonatal
hyperbilirubinaemia  requiring  treatment due to  maternal
alloimmunisation for mternal Anti-D, Anti-c and Anti-Kell. Included
studies which contained data based on each antibody specificity and
outlined treatment of neonatal hyperbilirubinaemia were included in
these forest plots.

The final limitation of the review involves the lack of description
of antibody titer strength that was included in each case within the
included studies. Antibody titers are used by blood bank scientists as a
means of monitoring maternal erythrocyte concentration throughout
pregnancy. Antibody titration involves performing serial dilutions on
maternal plasma which contains a known erythrocyte antibody known
to cause HDFN. The plasma is reacted with erythrocytes expressing
the corresponding antigen using the Indirect Antiglobulin Test
(IAT) test method [9]. According to the literature, high titer maternal
erythrocyte antibodies usually produce more severe HDFN then lower
titer antibodies of the same specificity. Gottvall, et al. showed that
increasing anti-D titer will cause the severity of haemolysis and anaemia
to increase proportionally. Because of this, since the maternal antibody
titer is not displayed in all the cases within the included studies it is
assumed that all the data produces a range of antibody titers for each
specificity [14,15].

CONCLUSION

Through conducting this meta-analysis, it can be deduced that in
cases where a neonate has HDFN, maternal anti-D has the highest
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relative risk of causing anaemia requiring treatment in the newborn,
followed by anti-c, then anti-Kell. Maternal anti-c has the highest
relative risk of causing hyperbilirubinaemia requiring treatment
in the newborn, followed by anti-D, then anti-Kell. Since HDFN is
a major cause of neonatal and foetal mortality, it is important that
healthcare professionals follow protocols to reduce the risk of maternal
erythrocyte alloimmunisation through the use of prophylactic anti-D.
Results of high relative risk of hyperbilirubinaemia and anaemia for
maternal anti-c erythrocyte antibodies also show that further measures
should be taken into preventing alloimmunisation of anti-c whether
that is through expanding prophylaxis programs or providing Rh(c)
phenotype matched blood for women of child baring age.
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