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ABSTRACT

BACKGROUND

Rh-D haemolytic disease of foetus and newborn (HDFN) is an ailment in which lifespan of infant’s erythrocytes were shortened by
the action of placentally transferred maternal anti-D specific for inherited paternal red cell antigens.

The aim of this study is to describe the immunological profile of Rh-D HDFN.

Settings and Design- This was a descriptive study conducted among newborn with Rh-D HDFN. Setting was Depts. of Transfusion
Medicine and Paediatrics in Govt. Medical College, Trivandrum.

MATERIALS AND METHODS

Enrolment of newborn was done according to the inclusion criteria. Demographic details, maternal history, bilirubin and
haemoglobin levels were noted. Blood group and peak antibody level of mother were recorded. Direct antiglobulin test, blood
grouping and elution was performed in infant.

Statistical Analysis- All statistical data were analysed using SPSS software version 16.

RESULTS

In mothers of infants with Rh-D HDFN, 3 (6.8%) had a titre of 2, 6 (13.6%) had a titre of 4, 3 (6.8%) had a titre of 8, 2 (4.6%) had a
titre of 16, 3 (6.8%) had a titre of 32, 7 (15.9%) had a titre of 64, 6 (13.6%) had a titre of 128, 7 (15.9%) had a titre of 256, 5
(11.4%) had a titre of 512 and 2 (4.6%) had titres of 1024. While considering DAT positivity in infants with Rh-D HDFN, 1 (2.3%)
fell in grade 1, 33 (75%) in grade 2, 6 (13.6%) in grade 3 and 4 (9.1%) in grade 4 categories.

CONCLUSION
High titres of anti-D ranging from 128 - 1024 were observed in 45.5% of mothers of infants with Rh-D HDFN. While considering
DAT positivity in infants with Rh-D HDFN, majority fell in grade 1 and 2 categories.
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BACKGROUND
Rh-D haemolytic disease of foetus and newborn (HDFN) is an
ailment in which lifespan of infant’s erythrocytes were
shortened by the action of placentally transferred maternal
anti-D specific for inherited paternal red cell antigens.!
Programs for ABO grouping, Rh typing, antenatal
antibody screening and other advanced therapeutic
modalities which focused on foetuses and neonates at risk
had reduced the burden of disease in developed nations.2
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Implementation of same had posed both organisational
and economic challenges in countries with a low human
development index.3

Even though there were 160 blood banks in Kerala,
routine antenatal antibody screening was performed only in a
very few centres. Hence, assessing the immunological profile
of Rh-D HDFN was undertaken in this study.

MATERIALS AND METHODS

This was a descriptive study done in 44 neonates who had
Rh-D HDFN. Study setting was Dept. of Transfusion Medicine
and Neonatology division of Sree Avittom Thirunal Hospital
for women and children in Govt. Medical College,
Trivandrum.

As a policy of institution, newborn with increased
bilirubin levels and those born to mothers with antenatal
antibody screen positivity were kept under observation.
Those neonates fulfilling the inclusion criteria were enrolled
in this research. Study was finished in 18 months, the
timeframe from 01-03-2012 to 30-08-2013.
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Inclusion Criteria for Rh-D HDFN

1. Maternal antibody screening was positive for anti-D and
presence of D antigen in newborn.

No ABO incompatibility between mother and neonate.
Positive DAT and elution in neonate.
Hyperbilirubinaemia within first 24 hours of birth.

No other diagnosed cause for increased bilirubin.

Vi W

Exclusion Criteria
Features of HDFN concomitantly with any condition
attributed to hyperbilirubinaemia.

Details such as name, age, IP no., bed no. and addresses
were recorded. Maternal details such as parity and blood
group were noted. Hyperbilirubinaemia was classified
according to chart provided by American Academy of
Paediatricians (AAP). The disease was graded as mild,
moderate, severe and very severe as described by Andrew et
al* (Mild- Grade 0; Hb > 12.5 g/dL, no transfusions, Moderate-
Grade 1: Hb > 12.5 g/dL + top-up or exchange transfusion,
Severe- Grade 2: Hb < 12.5 g/dL + exchange transfusion, Very
severe- Grade 3: Intra-uterine transfusions and/or Hb < 10.0
g/dL * exchange transfusions or foetal death). Anaemia was
graded according to description in Wintrobe’s Haematology>
(No- Hb = 17 g%, Mild- Hb 14 - 17 g%, Moderate- Hb 12 - 14
g%, Severe- Hb < 12g%).

Treatment was graded as described in Wintrobe’s
Haematology® (Grade 0- no treatment, Grade 1- phototherapy
alone, Grade 2- phototherapy and IVIG, Grade 3-
phototherapy, IVIG and single exchange transfusion, Grade 4-
phototherapy, IVIG and multiple exchange transfusions)
haemoglobin levels, disease severity and intensity of
treatment were recorded.

10 mL venous blood was collected from mothers. Blood
group and presence of antibody was confirmed in the drawn
sample. Peak antibody titre value performed during antenatal
period was noted down. Immuno-haematological
investigations was done in 5 mL of umbilical cord blood
collected during delivery was used for performing.

ABO grouping was done by test tube method. Forward
grouping was done using monoclonal anti-A, anti-B and anti-
AB by tulip diagnostics.

If necessary, serum grouping was performed using pooled
Ai;, B and O group cells. After centrifugation, either
haemolysis or agglutination in tests with red cells and serum
constituted positive test results. Red cell test results were
compared with those obtained in serum tests.

Determination of Rh-D type of red cells was done with
monoclonal IgM anti-D by tube test.

After centrifugation, agglutination in the test sample
combined with agglutination in positive control and a smooth
suspension in negative control tube indicated that the red
cells under investigation were D-positive.

A smooth suspension of red cells in the test sample and
negative control tube with positivity in positive control is a
negative test result. Those samples were tested further for
the presence of weak D-antigen by an indirect antiglobulin
procedure.

Monoclonal IgG anti-D and polyspecific antihuman
globulin reagents were used for weak-D tests. Agglutination
in the anti-D tube and none in the control tube constituted a
positive test result.
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Absence of agglutination in the anti-D tube and control
tube in D negative samples were confirmed by addition of IgG
coated red cells.

Gel cards with antihuman globulin reagent were used for
indirect antiglobulin tests. IAT was done by adding 50 pL of
red cells suspended in LISS solution and 25 pL of serum to
microtubes. It was incubated for 15 mts at 37°C and
centrifuged for 10 mts. Agglutinated cells which formed a red
line on the surface of the gel or agglutinates dispersed in the
gel indicated a positive result. Compact button of cells on the
bottom of the microtube indicated a negative test.

A positive reaction in antibody screening test with 3 cell
panel indicated the presence of irregular antibodies.
Identification tests were done on those samples using 11 cell
panel.

Direct antiglobulin test was done using LISS Coombs gel
card; 50 pL of the red cell suspension was added to the
appropriate microtube and it was centrifuged for 10 minutes.

Results were read and graded. (4+ - solid band of red cells
on the top of the gel column, 3+ -agglutinated red cells in the
upper half of the gel column, 2+ -red cell agglutinates through
the length of the column, 1+ -red cell agglutinates mainly in
the lower half of the gel column with some unagglutinated
red cells pelleted at the bottom, Negative-a pellet at the
bottom and no agglutinates in the matrix of the gel column). A
positive result indicated that the red cells were sensitised
with IgG antibodies and/or complement. Presence of
antibody was confirmed by elution tests.

DAT positive red cells in Rh HDFN were eluted using
glycine-HCI/EDTA eluting solution. If eluate was reactive and
final wash supernate was non-reactive, then eluate reactions
were valid. If eluate was non-reactive and final wash
supernate was nonreactive, then no antibody was eluted.

Ethics

Study was approved by human ethical committee and review
board of institution. Parents of all study subjects were
counselled separately about the nature and effects of the
study and a written consent was obtained from them.

Statistical Analysis

Statistical data analysis was done in SPSS software version
16. Expression of continuous variables was as mean *
standard deviation. Expression of qualitative data was as
frequencies and percentages. Correlation between variables
was done using spearman correlation test. All ‘p’ values were
two tailed. P value < 0.05 were considered statistically
significant.

RESULTS

In mothers of infants with Rh-D HDFN, 3 (6.8%) had a titre of
2; 6 (13.6%) had a titre of 4, 3 (6.8%) had a titre of 8, 2
(4.6%) had a titre of 16, 3 (6.8%) had a titre of 32, 7 (15.9%)
had a titre of 64, 6 (13.6%) had a titre of 128, 7 (15.9%) had a
titre of 256, 5 (11.4%) had a titre of 512 and 2 (4.6%) had
titres of 1024. While considering DAT positivity in infants
with Rh-D HDFN, 1 (2.3%) fell in grade 1, 33 (75%) in grade
2; 6 (13.6%) in grade 3 and 4 (9.1%) in grade 4 categories.
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Grades of DAT Frequency Percentage
Negative 0 0.0
1 1 2.3
2 33 75.0
3 6 13.6
4 4 9.1
Total 44 100.0

Table 1. Grading of Results of DAT

. Correlation .
Variable (n- 44) Coefficient P value | Interpretation
.R-lSk (?f peak 016 919 No 51gn1f1.cant
bilirubin levels correlation
Cord blooq 012 937 No 51gn1f1.cant
haemoglobin correlation
Sev.erlty of 015 924 No 51gn1f1.cant
disease correlation
Intensity of 021 891 No 51gn1f1.cant
treatment correlation

Table 2. Correlation of Grades of DAT
in Infants with Rh-D HDFN

In Rh-D HDFN grades of DAT were not significantly
correlated with risk of peak bilirubin levels, cord blood
haemoglobin, disease severity and intensity of treatment.
Correlation was significant at the 0.01 level.

. Correlation .
Variable (n- 44) Coefficient P value | Interpretation
Grades of DAT 028 855 | Nosignificant

correlation
. Significant
Risk of peak 911 001 positive
bilirubin levels .
correlation
Significant
Cord blood -844 001 negative
haemoglobin .
correlation
. Significant
Severity of 732 001 positive
disease .
correlation
. Significant
Intensity of 912 001 positive
treatment .
correlation

Table 3. Antibody Titres in Mothers

of Infants with Rh-D HDFN

Antibody titres in mothers of infants with Rh-D HDFN
were positively correlated with risk of peak bilirubin levels,
severity of disease and intensity of treatment.

Negative correlation was seen between antibody titres in
mothers and cord blood haemoglobin. No correlation was
seen with antibody titres in mothers and grades of DAT.
Correlation were significant at the 0.01 level.

ati
Variable (n- 44) Corre. a_t ton P value | Interpretation
Coefficient
No significant
Grades of DAT .000 .998 .
correlation
Ti Fant —
1tr_es of antibody 052 739 No signi 1Fant
in mothers correlation

Table 4. Parity of Mothers of Infants with Rh-D HDFN

In Rh-D HDFN parity was not significantly correlated with
grades of DAT and titres of antibody in mothers. Correlation
was significant at the 0.01 level.
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DISCUSSION
44 neonates admitted in newborn nursery of Govt. Medical
College, Thiruvananthapuram with Rh-D HDFN was studied.

In immune-mediated HDFN, lifespan of foetal or neonatal
erythrocytes are shortened by placentally transferred
maternal antibodies.!

Bjarte G. Solheim opined that immunisation had occurred
when the foetal red cells were traversed through the placenta
into maternal circulation or when the antigens were
transferred by previous transfusions.” Only maternal IgG
antibodies could cross the placenta.”

Harvey Klein and David Anstee had opined that the Rh
antigens were present only on red cells; hence, D
immunisation evolved in D negative subjects either after
injection of D positive red cells or following transplacental
haemorrhage from a D positive foetus.8

Mollison et al observed that the D antigen was 20 times
more immunogenic than C, the next most potent Rh antigen.?
When D negative individuals were transfused with one or
more units of D positive red cells, 80% - 90% developed anti-
D within two months.10

Incidence of D immunisation depended on the dose of D
positive RBCs, 15% after 1 mL, 33% after 40 mL and 65% to
70% after 250 mL.!! Secondary immune responses had
occurred after exposure of 0.1 mL of Rh positive red cells.12

Hartmann had opined that approximately 1% of D
negative women with no history of previous transfusion were
found to be sensitised at the end of their first D positive
pregnancy.13

But in this research no mother was without history of
transfusion or pregnancy was sensitised. Bishop G] and
Krieger VI observed that when anti-D was developed during
first pregnancy it was most commonly first detectable in the
last few weeks of pregnancy or at the time of delivery.14

Krevans et al observed that foetal red cells could be
detected in greater proportion of women towards the end of
pregnancy than in the earlier stages.!>

Frequency with which foetal red cells could be identified
in the maternal circulation varied widely in various studies,
i.e. 0.40% - 5.8% at 28 - 30 weeks and 1.84% - 7.0% at 30 - 39
weeks.16 Woodrow and Finn demonstrated a relationship
between the number of foetal red cells in maternal circulation
at the time of delivery and the chance of anti-D appearance
thereafter.1?

In an analysis by Boorman et al, the titre of anti-D was
increased after delivery and a peak was reached by 1 - 3
weeks.18 Six months after the birth of first D positive ABO
compatible infant, incidence of anti-D in D negative women
ranged from 4.3% to 9.0%.1° Rzr infants were more effective
in sensitising their mothers to D antigen.20

TPH was relatively common during normal delivery and a
study by Woodrow showed that 65% of TPH occurred during
delivery itself.2! In three investigations, estimates of the
extent of TPH were similar; 1% of women had 3.0 mL or
more and 0.3% had 10 mL or more of foetal red cells in their
circulation at the time of delivery.2223.24

Allowing free drain of placental blood immediately after
cord clamping and infant separation had substantially
reduced the incidence and magnitude of TPH.25 As per the
research of Finn R et al caesarean section and manual
removal of placenta were associated with five- to ten-fold
increases in incidence and degree of TPH.26
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Li et al found out that foetal distress during labour was
significantly high when TPH was 5 mL or more.2” Two other
routes through which foetal red cells could reach mother’s
peritoneal cavity and thence into maternal circulation were
spillage of foetal blood into uterine cavity or fallopian tubes
and hysterotomy or caesarean section.28 The protection
observed in ABO incompatible situations was due to rapid
clearance of A or B red cells, which prevented immunologic
processing of Rh antigens.29 Murray et al noticed that group A
incompatibility between infant and mother gave 90% and
group B incompatibility gave 55% protection against D
immunisation.3? Some D-negative infants born to D-positive
mothers might develop anti-D within the first 6 months of
life.31.32

Zhu X, Meng had opined that placental transport was an
active process dependent on interaction between maternal
IgG and Fc receptors in synciotrophoblast.33 The transfer of
IgG took place only from mother to foetus and not in the
reverse direction.34 Even though only small amounts of IgG
were transferred in first 12 weeks of gestation, DAT on foetal
D positive red cells might be positive as early as 6 - 10
weeks.3>

Hay FC et al found out that IgG1 levels rose at an earlier
stage of gestation than IgGs levels.36 Although, foetal to
maternal ratios of all four IgG subclasses were found to be
similar in cord serum by Morell and co-workers, others found
a relative deficiency of IgG2.37

The relative concentration of IgGi in foetal serum
compared with maternal serum was 1.77.38 Fcy receptors in
placental tissue were bound to IgG: with a higher affinity
than IgG2.39

In infants with passively acquired anti-D, the antibody
titre declined with a T1/2 of 2 - 3 weeks and DAT remained
positive for 3 months.34

Natvig et al reported that immunogenic Rh antibodies
were mainly IgG: followed by IgGs.4% Schur et al opined that
IgG1 levels increased at an earlier gestational age than IgGs,
whereas IgGs coated red cells were rapidly cleared from
circulation as compared to IgGi1 coated cells.4! As per Hughes
Jones opinion, Rh antibodies did not activate complement
completely.42

Among 44 D negative mothers in this research, high titres
ranging from 128 - 1024 were observed in 45.5%. In Rh-D
HDFN titre of maternal antibody was positively correlated
with risk related to peak bilirubin levels, severity of disease
and intensity of treatment and negatively correlated with
cord blood haemoglobin levels, while it was not correlated
with grades of DAT.

Just as with our study another one conducted by Shaiji in
same setting showed significant correlation between
antibody titre in mothers of infants with Rh-D HDFN and
umbilical cord bilirubin levels.43 ACOG has opined that critical
titre of anti-D in maternal sera was usually 16 or 32 in the
antihuman globulin phase.#4

According to Alexander et al, a 4-fold increase in antibody
titre was typically considered as a significant change which
required foetal evaluation.#S Bowman opined that Rh
antibody titration could predict the foetuses at risk, but not
the severity of erythroblastosis.#6 But Bowell et al
demonstrated a clear relationship between increasing anti-D
titre and the chance for a severely affected infant.4?
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A low value of antibody concentration estimated using an
auto-analyser had indicated that the infant would be mildly
affected or unaffected and an increase in anti-D concentration
indicated increasing severity of haemolytic disease.*8

HDFN was less severe when only IgGs anti-D was present
as compared to IgGi alone or IgGi and IgGs together.4®
Parinaud et al observed that when both IgG: and IgGs were
present, IgG1 was usually preponderant and most severe
disease was correlated with IgG1 levels.50

Distribution according to grades of DAT positivity in
infants with Rh-D HDFN in present analysis had revealed a
highest sharing in grade-2 reaction group. In our study,
22.7% of infants had grade-3 or grade-4 DAT.

Increasing grades of DAT were not at all correlated with
severity of disease, intensity of treatment, risk related to peak
bilirubin levels and cord blood haemoglobin values. Similarly,
a research accomplished by Shaiji in same setting found no
correlation between grades of DAT and intensity of treatment
in Rh-D HDFN.43

Likewise, Mollison and Cutbush opined that no
correlation between DAT and severity of the disease.5!
Harvey Klein and David Anstee observed that in Rh-D
haemolytic disease, infants might have a strongly positive
DAT without showing any clinical signs of disease.52

Bjarte G. Solheim and Morten Grénn observed that some
D positive infants with a positive DAT might show no signs of
red cell destruction.3 Bowman opined that several factors
such as Rh antibody binding constant, amount of D antigen on
red cell membrane, ability of foetus to maintain a reasonable
haemoglobin level, etc. had influenced the severity of
erythroblastosis.*6

In Rh-D haemolytic disease, infants might have a strongly
positive DAT without showing any clinical signs of disease.52

The research was a descriptive one with a limited data.
Hence, there were some limitations in assessing correlation
between variables. For procuring more information long-
term analytical studies have to be undertaken.

CONCLUSION

1. High titres of anti-D ranging from 128 - 1024 were
observed in 45.5% of mothers of infants with Rh-D
HDFN.

2. Titre of maternal anti-D was positively correlated with
risk related to peak bilirubin levels, severity of disease
and intensity of treatment and negatively correlated
with cord blood haemoglobin levels.

3.  While considering DAT positivity in infants with Rh-D
HDFN, majority fell in grade 1 and 2 categories.

4. Increasing grades of DAT were not correlated with
severity of disease, intensity of treatment, risk related to
peak bilirubin levels and cord blood haemoglobin values.
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