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Abstract:
BACKGROUND: Maternal alloimmunization is associated with adverse outcomes such as hemolytic 
disease of the fetus and newborn. At‑risk pregnant women include those with previous multiple 
gestations or multiple blood transfusions. This study aimed to determine the proportions and 
specificities of irregular maternal alloantibodies among antenatal attendees at a federal teaching 
hospital in Nigeria. An understanding of the pattern of alloimmunization, associated morbidities, and 
attendant risk factors will guide improved antenatal/perinatal health planning.
MATERIALS AND METHODS: A hospital‑based, cross‑sectional survey was conducted among 150 
pregnant women. Data on parity, transfusion history, and other clinical details were obtained with an 
interviewer administered questionnaire. ABO/Rh D blood groups and hemoglobin phenotypes were 
retrieved from their antenatal records and confirmed during the study. Alloantibody screening and 
identification and other serological tests were subsequently performed. Association of independent 
parameters with other variables was tested using Chi‑square analysis or Fisher’s exact as appropriate. 
Level of statistical significance was set at 5% confidence (P = 0.05).
RESULTS: Most of the participants (60%) were in their third trimester, while 9.3% were in first trimester 
of pregnancy. Ninety‑one percent of the participants (90.7%) were blood transfusion naïve. Seven 
of the participants (4.7%) had positive alloantibody screens, of which two (1.33%) were clinically 
significant maternal alloantibodies (Anti‑D and Anti‑Lub). No statistically significant association was 
observed between alloimmunization and variables such as gestational age, parity, hemoglobin 
phenotype, previous blood transfusions, and Rh D negativity.
CONCLUSIONS: The authors recommend routine alloantibody screening for at risk pregnancies.
Keywords:
Alloimmunization, antenatal, atypical antibodies, Benin City, erythrocyte, irregular alloantibodies, 
Nigeria, pregnancy

Introduction

Al l o i m m u n i z a t i o n  r e f e r s  t o  a n 
i m m u n e  d i s o r d e r  c a u s e d  b y 

incompatibility between recipient and 
donor antigens. [1] Alloantibodies of 
immune‑hematologic significance include 
those formed against foreign red cell 

antigens, human leucocyte antigens, 
or human platelet antigens.[2,3] Specific 
antibodies recognize and interact with 
specific antigens through their antigenic 
determinants  (epitopes) in a lock and key 
model.[1,4] Antigen–antibody interactions are 
affected by the class of the antibody, antigen–
antibody ratio, reacting temperature, 
molecular size of the antigen, pH, ionic 
strength, and presence of potentiators.[4,5]
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In terms of development, red cell alloantibodies may be 
categorized as naturally occurring or acquired. Naturally 
occurring alloantibodies such as Anti‑A and Anti‑B are 
nonimmune and develop within the first 6 months of life 
following exposure to ABH‑like substances. Antibodies 
of the ABO, P, and Lewis blood group systems are 
naturally occurring.[1] Immune alloantibodies, on the 
other hand, develop as a result of exposure to foreign 
red cell antigens. Antibodies belonging to other blood 
group systems such as Rh, Kell, Kidd, Duffy, and MNSs 
are acquired.[1,5] Their clinical significance relates to the 
ability of the antibodies to cause in  vivo destruction 
of the antigen bearing cells. In the event of red cell 
alloimmunization, potential complications include 
hemolytic transfusion reactions (HTRs) and hemolytic 
disease of the fetus and newborn (HDFN).[1,6]

Maternal erythrocyte alloimmunization is associated 
with adverse pregnancy outcomes particularly HDFN.[7,8] 
Limited data exist on the burden of HDFN in Nigeria. 
Local studies have shown fetomaternal blood group 
incompatibility as a significant risk factor for neonatal 
jaundice  (NNJ) and HDFN.[9‑11] Without appropriate 
intervention such as intrauterine fetal transfusion, up 
to 50% of HDFN results in fetal death or severe brain 
injury.[12,13] The general paucity of data on the burden of 
posttransfusion and pregnancy related alloimmunization 
from the African perspective is due to poor hemovigilance.[6] 
Some local reports show alloimmunization rates of 3.4%–
4.8% among pregnant Nigerians.[9,14,15] In some parts of 
India, the prevalence of unexpected maternal alloantibodies 
vary between 1.1 and 1.5%.[16‑19] A population‑based study 
in Netherlands show positive antibody screens of 1.25% 
among pregnant women.[20] In Sweden and Canada, the 
prevalence of maternal alloantibodies was 0.4 and 0.36%, 
respectively.[21,22]

Lower alloimmunisation rates are reported in developed 
countries compared to developing countries. Continual 
vigilance and alloantibody screening is central to 
managing the associated antenatal/perinatal risks. 
This study therefore was aimed at determining the 
proportion and specificities of atypical maternal 
alloantibodies among antenatal attendees at University 
of Benin Teaching Hospital (UBTH), Benin City, Nigeria. 
The frequency of Rh D negativity was determined, as 
well as possible attendant risk factors associated with 
alloimmunization during pregnancy and childbirth.

Materials and Methods

A hospital‑based, analytic, cross‑sectional study 
was performed among pregnant women attending 
Antenatal Clinic of UBTH between May 2015 and 
August 2015. Sample size of 70 was calculated using the 
formula (n = (z2pq)/d2) for cross‑sectional survey based 

on reported prevalence of 4.8% in Port‑Harcourt.[14] One 
hundred and fifty (150) participants were recruited into 
the study using nonrandom, convenience sampling. 
Pregnant women that received any blood components 
in the preceding 3  months were excluded to prevent 
false reactions from exogenous antibodies. Furthermore, 
pregnant woman that had received passive immunization 
with Anti‑D IgG or intravenous immunoglobulin in 
the preceding 3 months were excluded to prevent false 
negative reactions. Ethical approval  (study protocol 
number: ADM/E22/A/VOL.VII/1094) was obtained 
from UBTH Research and Ethics Committee prior 
to commencement of the study. A  written informed 
consent was obtained from each study participant. Each 
participant was interviewed with a pretested, structured, 
interviewer‑administered questionnaire to obtain and 
document relevant biodata and clinical data. Hemoglobin 
phenotypes, ABO, and Rh (D) blood groups of the study 
participants were retrieved from their antenatal records 
and confirmed during the study. Participant’s sera were 
studied for alloantibodies and its specificities using 
commercially sourced panel of cells. Screening cells were 
R1R1, R2R2, and rr cells.

The identification panel  (10 cell panel) had known 
antigram containing Rh‑hr  (D, C, E, c, e, f, V, Cw), 
Kell (K, k, Kpa, Kpb, Jsa, Jsb), Duffy (Fya, Fyb), Kidd (Jka, 
Jkb), Lewis (Lea, Leb), MNS (M, N, S, s), P1, Lutheran (Lua, 
Lub), and a dditional antigens (Xga, Wra). Reagent Ig G 
sensitized red cells were locally prepared.

All assays were done according to standard operating 
procedures.[23] All reagents were stored according 
to manufacturer’s instructions. Quality control 
measures to ensure accuracy of antibody screening 
and identification test include: The screening cells were 
2%–5% suspension of 3 vials of typed Blood Group O 
single‑donor red cells. Screening cells displayed 
homozygous expression of the major blood group 
antigens. Negative antihuman globulin  (AHG) tests 
were controlled with check cells. Check cells were 
IgG sensitized (Coombs positive) red cells. 1 volume 
of reagent red cells was added to each negative test, 
mixed, and incubated for 1 min at 20°C. The mixture 
was centrifuged and read. Any negative indirect 
antiglobulin test that did not show a positive result 
after addition of check cells was considered invalid 
and repeated. A direct antiglobulin test control was run 
for each batch of tests. All centrifugations were carried 
out at 1000  g for 10 s. Before reading each test after 
centrifugation, the tube was shaken gently to dislodge 
the red cell button from the bottom of the tube. All test 
results were read and interpreted immediately after 
centrifugation because delay may cause dissociation of 
antigen–antibody complexes resulting in weak positive 
or false negative reactions. Reagents cells were stored at 
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2–8°C when not in use. Potency of AHG reagents were 
confirmed with Coombs‑positive and Coombs‑negative 
cells before each assay. Optimal reacting conditions 
for antigen–antibody interaction were ensured. The 
temperature of the water‑bath was quality controlled 
with an external thermometer. Control reagent cells 
were used on each analytical run to ensure optimal 
sensitivity, specificity and speed of the reagents used.

Data obtained from questionnaires and results of sample 
analysis were analyzed using  Statistical Package for the 
Social Sciences  (SPSS) version 16 (SPSS Inc., Chicago, 
Illinois, USA). All descriptive data were analyzed and 
presented in frequency tables and charts. Level of 
significance of possible clinical associations/risk factors 
between alloimmunized and nonimmunized groups was 
tested using Chi‑square analysis or Fisher’s exact test 
where appropriate. Probability score of <5% (P < 0.05) was 
considered statistically significant.

Results

The mean age ± standard error of mean (SEM) of the mothers 
in the study population was 31.55 ± 0.38 years [Table 1]. 
The mean gestational age ± SEM at the time they were 
recruited into the study was 28.21  ±  0.69  years. Most 
of the participants (60%) were in their third trimester, 
while 9.3% were in first trimester of pregnancy [Table 1]. 
Most of the participants (80%) were multigravid, with 
a mean parity of 2.36. About 9% have had a previous 
history of HDFN, NNJ or still birth, while 22.7% have 
had previous cesarean section [Table 2]. Only two of the 
participants (1.3%) have had passive immunization with 
Anti‑D (Rhogam) before the study [Table 2].

The observed antigen frequencies of the ABO blood 
group system were 62%, 20.7%, 16.0%, and 1.3% for the 
O, B, A, and AB antigens, respectively [Table 3]. Most 
of the participants (95.3%) tested positive for the Rh D 
antigen. The most prevalent hemoglobin phenotype 
was AA (77.7%), followed by AS (20.7%), SS (1.3%), and 
SC  (0.7%). About 90% of the participants were blood 
transfusion naïve.

Seven of the subjects (4.7%) tested positive for unexpected 
maternal alloantibodies  [Table  4]. Five maternal 
alloantibodies were identified in 5 subjects, 2 were 
unidentified [Table 5]. Two subjects (1.33%) had clinically 
significant maternal alloantibody (Anti‑D and Anti‑Lub).

Association between the incidence of alloimmunization 
and potential risk factors such as gestational age, parity, 
hemoglobin phenotype, previous blood transfusions, 
and Rh D negativity were tested  [Table  5]. No 
statistically significant relationship was observed in all 
groups [Table 5].

Discussion

The proportion of Rh D‑negative women in the study 
population was 4.7%. This is consistent with findings 
from other parts of Nigeria. In a 5‑year retrospective 
survey among 6306 antenatal women in Enugu, Okeke 
et al. reported Rh D negativity of 4.5%.[24] In Nguru, 
Yobe, Babadoko et al. observed Rh D negativity of 4.6% 
among a cohort of 5519 pregnant women in a study.[25] 
A slightly higher prevalence of 7.1% was reported 
among pregnant women in Sokoto, North‑West 
Nigeria.[26] This is noteworthy considering differences 
in geographical location and influx of immigrants 
into the Northern parts of Nigeria from the bordering 
nations.

Table  1: Obstetric variables of the study 
participants
Variables Frequency (%)
Maternal age (years)

16-25 13 (8.7)
26-35 107 (71.3)
36-45 29 (19.3)
>45 1 (0.7)
Mean±SEM, median, minimum-maximum 31.55±0.38, 31, 19-49

Gestational age (weeks)
First trimester 14 (9.3)
Second trimester 46 (30.7)
Third trimester 90 (60.0)
Mean±SEM, median, minimum-maximum 28.21±0.69, 30, 11-40

Parity
Primigravida 30 (20.0)
Multigravida 120 (80.0)
Mean±SEM, median, minimum-maximum 2.36±0.17, 2, 0-10

Previous abortions/miscarriages
None 74 (49.3)
1-2 55 (36.7)
2 or more 21 (14.0)
Mean±SEM, median, minimum-maximum 1.03±0.11, 1, 0-6

n (%)=150 (100). SEM=Standard error of mean

Table 2: Obstetric history of the study participants
Variables Frequency (%)
Previous HDFN/NNJ/SB

Yes 13 (8.7)
No 137 (91.3)

Previous CS
Yes 34 (22.7)
No 116 (77.3)

Rhogam use
Yes 2 (1.3)
No 148 (98.7)

Rh D negative and multiparous
Yes 4 (2.7)
No 146 (97.3)

n (%)=150 (100). HDFN=Hemolytic disease of the fetus and newborn; 
NNJ=Neonatal jaundice; SB=Still birth; CS=Cesarean section
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Among the 7 (4.7%) Rh D‑negative women in our study, 
only 2 of them had anti D postnatal prophylaxis. One 
of the 7 women with positive antibody screen, who 
was Rh D‑negative had anti‑D, a clinically significant 
alloantibody in her serum. It is pertinent to note that 
the woman had several second trimester miscarriages. 
Another clinically significant antibody, Anti‑Lub, was 
observed in the serum of another woman with a parity 
of zero and no previous blood transfusion. Anti‑Lub has 
the potential to cause mild HDFN and HTR.[4,27] As such, 
Lub‑negative blood units should be transfused to affected 
individuals. Anti‑Lewis antibodies were observed in 
three other women. Anti‑Lea and Anti‑Leb are common 
in pregnancy, may be naturally occurring, and are not 
clinically significant (are not implicated in HDFN).[4,27]

In general, antibodies with known specificities that 
have been implicated in HDFN/HTR and those that 
react at 37°C are considered clinically significant.[1,27] In 
index study, the implicating alloantibodies could not be 
identified in two of the 7 women with positive antibody 
screens. Although the antibody(ies) reacted at warm 
temperature (37°C), it was difficult to make conclusion 
regarding their clinical significance (their potential for 
in vivo hemolysis). Additional panel of identification cells 
and immune‑hematology techniques will be required for 
their identification. The commercially sourced reagent 
red cells used for the experiments were not indigenously 
produced, hence variations in antigen distribution may 
account for the unidentified antibodies.

Transfusion of alloimmunized recipients requires 
use of antigen‑negative blood units. Sourcing for 
antigen‑negative blood units may be quite laborious 
for high prevalence antigens or patients with multiple 
or rare alloantibodies. No case of multiple alloantibody 
was observed in index study. Take for instance, a 
pregnant lady who is being managed for multiple 
alloantibodies  (Anti‑C, Anti‑s, and Anti‑E), assuming 
the antigen frequencies of C, S and E in the population 
are 0.45, 0.18 and 0.23 respectively, the probability of 
identifying a blood unit that will be negative for these 
antigens will be 0.45 × 0.18 × 0.23 = 0.0186. This implies 
that 1.86 (~2) of every 100 persons that are screened in the 
population will be antigen negative. As such, identifying 
one or two compatible donors for such an alloimmunized 
blood recipient requires specialized testing of at least 
100 blood donors in order to identify antigen‑negative 
units. This will pose a financial challenge and is not 
cost effective in a developing economy. As such, 
greater emphasis needs to be placed on prevention, 
prompt identification and management of erythrocyte 
alloimmunization.

Theoretically, the potential risk of alloimmunization 
following fetomaternal  (red cell antigen) mismatch 
increases with advancing gestation as a result of 
fetomaternal hemorrhage  (FMH).[28] However, in this 
study, women with positive antibody screens were 
predominantly in their second and third trimesters. No 
statistically significant difference was observed in the rate 
of alloimmunization per trimester (P = 0.256). Similarly, 
increasing parity confers a higher risk of alloimmunization 
through exposure to paternally acquired fetal antigens 
in antigen‑negative mothers.[28,29] Again, there was no 
statistically significant difference between primigravids 
and multigravids women (P = 0.575). This may be due 
to the relatively small sample size. Larger, multicenter 
studies will be necessary to corroborate these findings.

Fetomaternal hemorrhage has been demonstrated to 
occur in as much as 75% of all pregnancies. The risk 

Table 4: Details of alloimmunization in the study 
participants
Patients Alloantibod 

(ies)
Details

Patient 1 Single: 
Anti‑Leb

31‑year‑old secondigravida at EGA 
37 weeks without previous blood 
transfusion

Patient 2 Single: 
Anti‑Lea

36‑year‑old primigravida at EGA 19 weeks 
without previous blood transfusion

Patient 3 Single: 
Anti‑Lea

22‑year‑old multigravida at EGA 31 weeks, 
nil previous blood transfusion

Patient 4 Single: 
Anti‑D

41‑year‑old multigravida at EGA 26 weeks, 
nil previous blood transfusion; Rh D 
negative

Patient 5 Single: 
Anti‑Lub

30‑year‑old primigravida at EGA 32 weeks, 
no previous blood transfusion

Patient 6 Unidentified* 26‑year‑old primigravida at EGA 19 weeks, 
no previous transfusion

Patient 7 Unidentified* 29‑year‑old primigravida at EGA 23 weeks, 
past history of allogeneic blood transfusion

*Unidentified alloantibodies. 7 of 150 participants (4.7%) were alloimmunized. 
Five maternal alloantibodies were identified in 5 subjects, 2 were 
unidentifiable. Two (1.33%) participants had clinically significant maternal 
alloantibody (Anti‑D and Anti‑Lub). EGA=Estimated gestational age

Table 3: ABO/Rh D blood groups, blood transfusion 
and alloimmunization status of the participants
Variables Frequency (%)
ABO blood group

O 91 (62.0)
B 31 (20.7)
A 24 (16.0)
AB 2 (1.3)

Rh D blood group
D positive 143 (95.3)
D negative 7 (4.7)

Previous blood transfusion
Yes 14 (9.3)
No 136 (90.7)

Alloimmunization status
Positive 7 (4.7)
Negative 143 (95.3)

n (%)=150 (100)
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of FMH increases with advancing gestational age. 
Therefore, the risk of maternal alloimmunization 
increases with gestational age. In this study, none of 
the women in their first trimester was alloimmunized. 
However, 4 out of 46 women in their second trimester 
and 3 out of 90 women in their third trimester were 
alloimmunized. No statistically significant difference 
was observed in their alloimmunization status across the 
three trimester groups. This is possible due to unequal 
proportions of participants across the trimester groups 
and a relatively small sample size. Maternal age is not 
directly related to alloimmunization risk. However, there 
is a general tendency for a higher parity with age.

Three of the study participants  (2%) had sickle cell 
disease  (SCD). None of the SCD participants had a 
positive alloantibody screen. However, SCD patients 
are at a high risk of clinically significant erythrocyte 
alloimmunization due to the high rate of blood 
transfusion.[30,31] Earlier studies among Nigerian 
SCD patients revealed alloimmunization rate of 
7.3%–9.9%, compared to 0% and 4.7% among pregnant 
SCD and the entire pregnant women in this study 
respectively.[31,32] The zero prevalence of unexpected 
alloantibodies among the three pregnant SCD patient 
despite their positive transfusion history could not be 
explained. Perhaps, this is related to the insignificant 
proportion (2%) of SCD women recruited in the study. 
Larger comparative studies will invariably give a 
better picture of the risk or association between SCD 
and maternal alloimmunization. The lower overall 
prevalence of alloimmunization in pregnant women 

compared to 7.3‑9.9% in SCD patients from the other 
Nigerian studies may be related to the lower rate of blood 
transfusion.[31,32] The higher burden of alloimmunization 
in SCD is related to donor factors such as disparate 
distribution of donor‑recipient red cell antigens and 
host factors such as increased systemic inflammation 
and possible immune dysregulation in SCD.[33] In 
this study, about 9% of the participants have had 
previous transfusions, compared to a transfusion rate 
of 36.7%–74.5% in Nigerian sickle cell population.[30,31] 
Previous blood transfusions have been shown to be 
an important cause of alloimmunization other than 
anti‑D.[34] Although SCD portends a higher risk of 
alloimmunization compared to the general population, 
none of the pregnant SCD women in this study were 
alloimmunized. No significant difference was observed 
in the rates of alloimmunization between pregnant SCD 
and non‑SCD women in this study (P = 0.866). This may 
be related to an insignificant proportion (2%) of SCD 
participants in the cross section, weakening the possible 
conclusion from this statistical comparison. Similarly, 
no statistically significant differences were observed 
between blood transfusion naïve and transfusion 
experienced cases (P = 0.504). In developed nations such 
as UK, prevalence of Rhesus isoimmunization among 
pregnant women is much reduced probably due to the 
routine antenatal use of Anti‑D and reduction in family 
size over the last few decades.[35]

It is important to continually evaluate the burden 
of alloimmunization in our patient groups, and 
develop strategies to reduce its incidence. The 
weakness of the study included unavailability of 
additional panel of cells to resolve the specificities of 
unidentified alloantibodies to resolve the specificities of 
unidentified alloantibodies with possible use of enzyme 
potentiators. Although clinically significant maternal 
alloimmunization still occur in the study population, 
it was found not be related to gestational age, parity, 
hemoglobin phenotypes, previous blood transfusions, 
and Rh D negativity. We recommend institutional 
protocol and national policies should be developed and 
adopted for detection, prevention and management of 
maternal alloimmunization by relevant stakeholders. 
All Rh D‑negative mothers should be registered early 
in a secondary or tertiary health facility with capacity 
for screening, prevention and management of Rh D 
alloimmunization. Institutional blood banking service 
should also be upgraded to include routine alloantibody 
screening for unexpected maternal antibodies.
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Table 5: Association between alloimmunization and 
other variable
Variables Alloimmunization P

Positive Negative
Gestation age

First trimester 0 14 0.256
Second trimester 4 42
Third trimester 3 87

Parity
Primigravida 1 29 0.575
Multigravida 6 114

Hemoglobin phenotype
Non‑SCD 7 140 0.866
SCD 0 3

Blood transfusion
Yes 1 13 0.504
No 6 130

Rh D antigen
D positive 6 137 0.289
D negative 1 6

Rh D negativity + multiparity
Yes 1 3 0.176
No 6 140

n (%)=150 (100). SCD=Sickle cell disease
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