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Abstract
Objectives: To assess anti-D concentration through maternal indirect antiglobulin test (IAT) titers and
scores after RhD-negative pregnant women receive antenatal anti-D until delivery.

Methods: Cross-sectional study. Twenty-seven RhD-negative pregnant women were evaluated after
receiving a prenatal anti-D dose around 28th week of pregnancy. Serial blood samples were collected at 3,
7, 21, 42, 63 and 84 days after anti-D administration. We performed IAT by conventional tube test (CTT)
and gel microcolumn assay (GMA) to assess anti-D scores and titers. Statistical analyzes were performed
using IBM SPSS Statistics software.

Results: Anti-D had maximum scores values  around 7 days after its administration, and scores were
higher in GMA than CTT for all patients. Anti-D was detected at delivery in 59% of the participants by IAT
performed in GMA. Overweight and obese pregnant women may present lower concentrations of anti-D.
No correlation was found between maximum scores when comparing them with these variables: newborn
RhD blood type; maternal-fetal ABO incompatibility and the number of pregnancies.

Conclusions: Administering 300 μg of anti-D in 28th week of pregnancy should be compared in studies
analyzing perinatal outcomes, since anti-D was not detectable in 41% of patients, suggesting a
signi�cant period without prophylaxis.

Background
Maternal-fetal alloimmunization is sensitization of RhD-negative pregnant women exposed to RhD
antigen expressed on the surface of RhD-positive fetus red blood cells (RBCs). These RBCs can naturally
cross the placenta, in a fetomaternal hemorrhage (FMH), and reach maternal circulation during
pregnancy (usually after third trimester) or in childbirth sensitizing maternal immune system to develop
anti-RhD antibodies (also known anti-D). There are several other Rh and non-Rh antigens capable of
causing alloimmunization, although RhD is the most immunogenic (Pegoraro et al. 2020).

After �rst exposure to RhD alloantigens, pregnant woman begins to produce IgM, a class of antibodies
unable to cross placental barrier. In subsequent exposure, as a second pregnancy of a RhD-positive fetus,
IgG is produced. IgG can reach fetal bloodstream, recognize, and bind to RhD antigens on the surface of
fetal RhD-positive RBC, stimulating its destruction by hemolysis, causing hemolytic disease of the fetus
and newborn (HDFN) (Guiver and Wright 2019).

HDFN, formerly erythroblastosis fetalis, is characterized by hemolytic anemia with distinct severity. It can
be asymptomatic, with full recovery even without treatment, or it can present erythroblastosis, jaundice,
edema, hepatosplenomegaly, bilirubin encephalopathy (kernicterus) and hydrops fetalis. Severe cases
can lead to fetal or neonatal death (Bennardello et al. 2015).
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Irregular antibody screening is performed to diagnose maternal alloimmunization, using indirect
antiglobulin test (IAT), term currently used instead of indirect Coombs test (ICT). IAT is based on
agglutination reaction of RhD erythrocyte antigen to maternal anti-D antibodies in serum/plasma. In
positive cases, titration is determined to show the strength of the antibody (Moise 2008). All pregnant
women should perform irregular antibody screening, using the IAT, regardless RhD typing at least at �rst
antenatal appointment (Agrawal et al. 2020).

Since anti-D immunoprophylaxis implementation, HDFN incidence have been reduced and achieved
improvements in maternal and perinatal health. Currently, occurrence rates have remained stable due to
other coe�cients, such as absent or inadequate immunoprophylaxis and error in detecting clinical
situations of FMH that also require immunoprophylaxis (Geaghan 2011).

Considering biological variation of anti-D in pregnant women, it is needed some technical solution to
make this assessment. Therefore, the aim of our study is to assess whether anti-D is detectable at
delivery, after prenatal anti-D immunoprophylaxis, by IAT titers and scores.

Methods
We carried out a cross-sectional study at �fteen primary health care in Ribeirão Preto-SP, Brazil, from
January 2018 to December 2019. Patients were invited by convenience sampling until the minimum
sample size was obtained considering the following criteria: healthy RhD-negative pregnant women
without previous history of pregnancy complications, in the second trimester of a singleton pregnancy.
Exclusion criteria were pregnant women: who had received anti-D prophylaxis earlier in current pregnancy;
who had previous positive IAT in this pregnancy and who did not have anti-D prescribed by the physician.
As discontinuing criteria were the patient's decision to drop out at any time, and pregnant women who
required an additional dose of anti-D during pregnancy.

Enrolled participants had ABO and RhD blood groups con�rmed and an IAT to attest whether the patient
was not alloimunized. An intramuscular administration of 300 µg (1500 IU) anti-D was done at
gestational week 28–32. Serial blood samples were performed at 3, 7, 21, 42, 63 and 84 days post
injection, and analyzed by IAT in conventional tube test (CTT) and gel microcolumn assay (GMA). To
avoid reproducibility bias when comparing results of several titrations from the same patient, all serum
samples were storage at -20 ºC to be tested simultaneously using same RBCs.

Antibody titration was performed by serial twofold dilutions. Serum samples were diluted from 1:1 to
1:512 in a low ionic strength solution (LISS). Dilutions were incubated with a RBCs suspension (R2R2 -
cDE/cDE) at proportions of 5% for CTT analyses and 1% for GMA analyses. After incubation, all reactions
were read and each positivity reaction were described by an agglutination degree, ranging from a weak
reaction to a 4 + reaction. Titration were described as titer and as score. Titer is the inverse of the largest
dilution where it was observed positive agglutination reaction (≥ 1+). Score is a numeric gradation
obtained by sum of established values for each agglutination degrees throughout dilutions (Harmening
2019).
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Ethical approval was obtained from the Research Ethics Committee of University Hospital of the Ribeirão
Preto Medical School (Ethics approval number: 2.099.994). Prior to enrollment, participants provided
written consent to participate in the study with the understanding that they reserved the right to withdraw
from the study at any time.

The protocol for this study was in line with the STROBE statement. Study data were managed using
REDCap (Research Electronic Data Capture, Vanderbilt University, Nashville, TN, USA).

Descriptive statistics and statistical inference analyses were performed using IBM SPSS Statistics (IBM
Inc., version 24.0 for Windows, Armonk, NY, USA) and the graphs were also created using Microsoft®
Excel® 365 (Microsoft, Redmond, WA, USA). We use expectation-maximization algorithm to estimate
score values of missing samples and time points which delivery occurred previous than 40 weeks of
pregnancy. Spearman's rank correlation coe�cient was used to compare GMA maximum scores with
qualitative independent variables: positive or negative fetal RhD blood type; ABO incompatibility between
pregnant woman and fetus; gestational history (primiparous or multiparous) and nutritional status based
on body mass index (BMI) by gestational age (underweight, normal weight, overweight, obesity).
Pearson's correlation coe�cient was used to analyze GMA maximum scores and BMI measured at the
time of anti-D administration. We considered a signi�cance level of 5% in all cases. Repeated measures
ANOVA and multiple comparison test were used to verify the difference between mean scores obtained at
each time point.

Results
We had enrolled 30 eligible subjects, although one patient left the study with incomplete data and two
needed an additional anti-D dose. In total 27 RhD-negative pregnant women were evaluated.

Anthropometric and gestational participants data were obtained from questionnaire and accessing
electronic medical records. Summarized information was reported in Table 1, and detailed data are
described at Online Resource 1. Patients were between 17 and 38 years old, almost 48% were
primigravida. All multipara had no history of transfusion or alloimmunization in previous pregnancies.
Blood typing information of three neonates was not provided. Among remain, 37.5% had RhD-negative
blood type.
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Table 1
Baseline characteristics of the study patients

Parameter Value

Mean (SD)

Maternal age (years) 26,74 (5,83)

BMI (weight[kg] / height[m]²) 29,29 (5,15)

Gestational history (number of pregnancies) 1,85 (1,13)

Gestational age at anti-D administration (weeks) 29,09 (1,00)

Gestational age at delivery (weeks) 39,17 (1,53)

Abbreviation: BMI - Body mass index; SD - Standard deviation

According to Atalah scale (Atalah et al. 1997), which classi�es nutritional status by associating BMI
ranges for each week of pregnancy, two patients were considered underweight, and 48% were above the
ideal weight (six overweight and seven obese).

A total of 126 out of 134 possible samples (without previously scheduled sample when delivery
happened before) were performed. Of these 126 samples, 81% (n = 103) were collected at the prede�ned
time point, and remaining samples within − 1 to + 2 days.

Samples from all patients and all time points were analyzed in duplicate, by IAT in CTT and GMA
methods, and titrations were performed by serial twofold dilutions. Main results were reported by mean
titer (Fig. 1) and mean score (Fig. 2) between duplicates.
The maximum titers obtained by each patient along the time points were also described (Fig. 3), showing
the difference between the patients and methods.
As expected, repeated measurements ANOVA indicated a signi�cant difference between scores (GMA)
over the six time points (f 5.21 = 60.77,P < 0.001), and these differences between each subsequent time
points were determined by multiple comparison test (Table 2).
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Table 2
Multiple comparison test with the difference estimate between means for the subsequent time point

scores
Samples Mean difference Standard error 95% Con�dence interval P

Lower bound Upper bound

3 days − 7 days -4,178 1,132 -7,825 -0,531 < 0,05

7 days − 21 days 4,726 1,247 0,708 8,744 < 0,05

21 days − 42 days 14,148 1,464 9,432 18,864 < 0,001

42 days − 63 days 9,437 0,884 6,588 12,286 < 0,001

63 days − 84 days 3,074 0,487 1,506 4,642 < 0,001

Eight pregnant women did not have detectable anti-D scores by GMA at delivery, and one patient had no
score around 36 days before delivery. After estimating missing scores from samples that delivery
happened before 40 weeks (or before 84 days point) using expectation maximization algorithm, a total of
eleven patients had undetectable anti-D scores at delivery (Fig. 4).
An inverse correlation was detected between BMI and maximum scores (GMA), when comparing BMI in
isolation (Fig. 5), measured at the moment pregnant woman receives anti-D (r= -0.643; P < 0.001) as well
as classifying pregnant women by their nutritional status, based on BMI by gestational age (r= -0.620; P < 
0.001).
Among the 24 neonates with blood type identi�ed, 37.5% (n = 9) were RhD-negative. When comparing
ABO blood typing, 13 mother-neonate pairs presented identical ABO group, 4 were compatible ABO
(women type A or B and neonate O) and 6 presented ABO incompatibility.

The following investigations were performed comparing maximum score values from GMA with these
following variables. No difference was detected between: a) pregnant women whose fetuses were RhD-
positive and whose fetuses were RhD-negative (P = 0.479)4; b) pregnant women whose ABO blood type
was incompatible with fetus and the group with compatible blood typing (P = 0.483); c) gestational
history, whether primiparous or multiparous (P = 0.469).

Discussion
Antenatal and postnatal anti-D immunoprophylaxis has been widely used in several countries, reducing
the incidence of immunization to 0.2 to 0.3% (Clausen and Hellberg 2020).

In the present study, anti-D titration results were reported by means of the titer and score. The decision to
report the two values aimed to demonstrate the most used measure in clinical practice (titer) and the one
that provides more discriminated information (score).

All pregnant women received anti-D within recommended period (28–34 week) and 81% received anti-D
before gestational week 30. The longest time was 31+ 4 weeks of pregnancy. However, during patients’
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recruitment, after an initial invitation, 15 pregnant women could not be included in the study since they
did not receive anti-D. Reasons were lack of necessary exams prior anti-D prescription; pregnant women
who did not receive anti-D, even though it was prescribed (by own decision or shortage of anti-D); and
prescription not performed, even with essential exams available. Pegoraro et al. (2020) estimated on
average 50% of pregnant women worldwide who need pre and postnatal anti-D immunoprophylaxis do
not receive it, mainly due to the unavailability, di�culty in access and lack of awareness about the
relevance of anti-D.

Results of anti-D titrations by CTT and GMA agree with pharmacokinetic studies, which reported highest
concentrations at 3–10 days after administration (Bichler et al. 2003; MacKenzie et al. 2006; Sinclair et
al. 2008; Tiblad et al. 2012). There was a high divergence between samples of different pregnant women
at the same time point, especially in GMA analysis, such as in 3-day time (scores raged 3-52.5). Large
discrepancies were also reported by Tiblad et al. (2012), who noticed maximum concentrations ranging
from 9 to 58 ng/mL by �ow cytometric quanti�cation.

We noticed a large disparity between titers obtained by CTT and GMA (in some cases, four dilutions: CTT 
= 2 and GMA = 32). Three to eight dilutions greater in GMA than in CTT were likewise reported by other
authors when analyzing alloimmunized patients (Krishnan et al. 2020; Novaretti et al. 2003). Nonetheless,
equivalent levels or one to two differences in dilution by the two methods were also detected (Finck et al.
2013; Flesiopoulou et al. 2020). Although it is not possible to differentiate through IAT which type of
antibody is being titrated (whether from anti-D prophylaxis or due to alloimmunization) (Szkotak et al.
2016) the results of this study may be useful to corroborate this discernment. When analyzing titers
obtained in our samples, a maximum value of 2 is detected in CTT and 32 in GMA. However, when
alloimmunized patients are titrated, the titers obtained in CTT and GMA are generally higher. In cases of
titers smaller than 16 to 32, it is usually not correlated to adverse perinatal outcomes. It requires antenatal
supervision, but less mandatory distinguishing between alloimmunization and anti-D (Krishnan et al.
2020). Criteria such as these do not discriminate antibody source, since it is not possible to exclude an
alloimmunized pregnant woman with low titers. On the other hand, in cases of titers higher than 64 in
GMA and 8–16 in CTT there is a high probability of being an alloimmunization, since these levels were
not reached in the titration of anti-D (Irving et al. 2017). It is also important to monitor titers throughout
pregnancy, re-analyzing samples after 3–4 weeks (whenever possible in parallel with previous sample),
since if antibody were prophylactic, it is likely titer has declined, as demonstrated. When sample is from
alloimmunization, titer is expected to have increased after contact with antigen (Szkotak et al. 2016).

We notice an inverse correlation between weight gain and reduction of maximum anti-D levels. Studies
with prenatal (Bichler et al. 2003; MacKenzie et al. 2006) and postpartum (Woelfer et al. 2004) anti-D
administration also demonstrated a relationship between lower anti-D concentrations in patients with
higher BMI (> 28 to 30, depending on gestational age).

When maximum scores obtained from GMA was analyzed, there was no difference between women who
gave birth to RhD-positive newborns and those whose fetuses were RhD-negative. No difference was also
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reported by other authors in relation to average number of days after anti-D that titer was no longer
detectable (Eklund et al. 1982) and half-life of anti-D (Bichler et al. 2003). Even not detecting statistical
difference, some pregnant women with RhD-positive fetuses had lower scores than remaining group.
Considering FMH does not occur in all pregnancies, it is possible that only some cases of RhD-positive
fetuses would result in a consumption of anti-D and, consequently, the mean between the two groups
would be similar as detected. This assumption, although not investigated, could explain these results.

Mother-fetus ABO incompatibility did not result in higher anti-D scores, as reported by MacKenzie et al.
(2006). This hypothesis was based on partial protection against RhD alloimmunization by ABO
incompatibility: in this case, a smaller amount of anti-D would be spent to sensitize only fetal RBCs that
had not been destroyed through sensitization by ABO antibodies. Whether this was a true hypothesis, not
having this correlation could likewise be justi�ed due to FMH not occurring signi�cantly in all
pregnancies.

More than one third participants had RhD-negative fetuses. In these cases, anti-D administration was not
necessary, as there will be no possibility of maternal sensitization by fetal RhD antigen, subjecting
pregnant woman to a blood product and its tiny risks in an unnecessary way, in addition to the
expendable cost of anti-D (Guiver and Wright 2019). Replace anti-D supply expenses in pregnant women
with RhD-negative fetuses by noninvasive prenatal testing, although might not reduce costs, brings
signi�cant bene�ts for perinatal care (Clausen and Hellberg 2020; Darlington et al. 2018; Ryczek et al.
2020; Schmidt et al. 2014). Another measure is recombinant anti-D (Mayekar et al. 2020) as a substitute
for anti-D currently produced from human plasma, which, despite all widely proven safety, does not
extinguish minimum risks inherent of a blood product. However, until these techniques can be universally
offered, HDFN prophylaxis by administering anti-D immunoglobulin to all RhD-negative pregnant women
with positive or unknown RhD partner remains the gold standard for this issue.

Detectable scores were not found in eleven patients (40%) 12 weeks after anti-D (84-day point). However,
if we consider score values lower than 3 as undetectable (which is the lowest observable agglutination
score: a single weak reaction), only three patients (11%) would have detectable scores after 12 weeks of
anti-D administration. Similar data were noticed by MacKenzie et al. (2006), where one third of the
patients did not present detectable values after a two 100 µg dose regimen. Unlike the results shown,
research conducted by Tiblad et al. (2012) detected 9 out of 12 pregnant women (75%) still present
detectable levels of anti-D at the 40th week of pregnancy.

A limiting point of the study was convenience sampling. Despite having a remarkably diverse sample of
patients, this can restrict results generalization to the entire population.

In conclusion, since there is a considerable percentage of parturients with zero scores at delivery,
suggesting a signi�cant period without prophylactic coverage, we recommend future studies to analyze
this impact on perinatal outcomes.
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Figure 1

CTT (A) and GMA (B) titers at time points after administration of anti-D Note: Notice that graphs A and B
are displayed at different scales for better viewing Abbreviations: CTT - Conventional tube test; GMA - Gel
microcolumn assay

Figure 2
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CTT (A) and GMA (B) scores at time points after administration of anti-D Abbreviations: CTT -
Conventional tube test; GMA - Gel microcolumn assay

Figure 3

Maximum titer obtained by CTT (A) and GMA (B) analysis Abbreviations: CTT - Conventional tube test;
GMA - Gel microcolumn assay

Figure 4

Last sample, delivery, and undetectable anti-D scores times, per patient, described in days after anti-D
administration
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Figure 5

Correlation between maximum values of score (GMA) and BMI Abbreviation: GMA - Gel microcolumn
assay; BMI - Body mass index
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