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A B S T R A C T

Introduction: A critical anti D antibody titre, defined for the conventional tube method of Indirect Coomb’s test
(ICT), when employed in the more sensitive column method could result in unnecessary referrals and frequent
obstetric doppler scans. This study aimed to compare anti D titres by tube and column method in antenatal
mothers, to assess their correlation with fetal anemia and to determine a critical titre for the column method.
Methods: Forty six antenatal mothers with anti D antibody were included in the study. Antibody titration was
performed by serial twofold dilution of serum by both column and tube method and were correlated with middle
cerebral artery peak systolic velocity (MCA PSV) measurement by Doppler ultrasonography. Receiver operating
curve (ROC) was used to determine the cut-offs for critical titre by tube and column method in predicting fetal
anemia.
Results: Column method had a median titre 3 fold higher than tube method. There was a significant association
between fetal anemia by USG with median critical titres determined for both column (p = 0.031) and tube
method (p = 0.016). ROC analysis showed the cut off for critical titres in column method as 64 with 90 %
sensitivity, 72.7 % specificity and 75.38 % accuracy.
Conclusions: The use of critical titre for anti D antibody, defined for the tube method, when applied to the
column agglutination method would lead to increased referrals to specialized fetal medicine centres. Rather, an
Anti D titre of 64 by column method can predict the likelihood of fetal anemia and should be considered as the
critical titre to guide patient referrals.

1. Introduction

A positive antibody screen (Indirect Coomb’s test/ICT) during the
antenatal period is followed up by a semi quantitative titration test to
determine the strength of the antibody and the risk of haemolytic dis-
ease of fetus and newborn(HDN). Column agglutination technology
(CAT/column) using gel and bead methods are increasingly used for
performing antibody titration studies, whereas many centres still follow
the standard conventional test tube (CTT/tube) method [[1]].

A titre value of 16 is considered as critical by tube testing for anti D
antibody, above which the fetus is at risk of anemia and HDN [[2]].
Critical titres during pregnancy are key to medical decision making, but
vary between laboratories. This necessitates patients to undergo follow
up titres in the same laboratory for serial monitoring. Hence each

laboratory must define a critical titre based on the methodology
adopted, upon which further management that includes serial doppler
scans to identify fetal anemia and intrauterine transfusion in severe
cases is decided [3].

The column method however, does not have a well defined critical
titre. The referral of antenatal mothers to specialised centres with anti D
titres above 16 by column method would inadvertently subject patients
to undue anxiety and frequent doppler surveillance which would lar-
gely be unnecessary [3]. As column method is more sensitive than tube
method,a higher critical titre than 16 has to be set for better clinical
correlation [[4]].

Doppler ultrasonography (USG) is used to determine presence of
fetal anemia by measuring the middle cerebral artery peak systolic
velocity (MCA PSV) in fetuses of antenatal mothers referred with high
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titres. The MCA PSV > 1.5 multiple of median (MoM) indicates fetal
anemia and hence warrants intervention in the form of intra uterine
transfusion (IUT) or induction of delivery depending on the gestational
age [2,5].

This study compares the anti D titres between tube and column
method in antenatal mothers and correlates them with the presence of
fetal anemia determined by doppler ultrasound. The study also aimed at
determining a critical titre level for the column method so that the
referrals can be restricted to antenatal mothers who are truly at risk of
fetal anemia.

2. Materials and methods

Forty six antenatal mothers with anti D antibody in serum, who
were referred to the fetal medicine unit at our hospital during the three
and half year period from January 2016 to June 2019 were included in
this retrospective cross sectional study. Antibody screen (Indirect
coombs test) was performed using 3 cell panel (ID diacell I,II,III, Biorad)
and antibody identification using ID Diapanel, Biorad. Titration was
performed by serial twofold dilution of serum as previously described
[6]. The same dilution was tested in parallel for both column and tube
method. A 0.8 % O positive pooled red cell suspension was used for
column titration whereas 5 % suspension was used for tube titration.

2.1. Titration in tube method

Serial two fold dilution using 100 μl serum was performed. 50 μl of
5 % red cell suspension was added to the labelled tubes. The tubes were
incubated for 45 min at 37 °C. After saline wash, antihuman globulin
(AHG) reagent was added and reactions recorded.

2.2. Titration in column method

Fifty microlitre red cell suspension (0.8 %) was dispensed into the
columns of the AHG cards followed by 25 μl serially diluted serum. The
cards were incubated for 15 min at 37 °C, later centrifuged and results
interpreted.

In both the methods, the highest dilution with 1+ reaction strength
was taken as the titre value.

All 46 cases also underwent determination of MCA PSV by Doppler
USG. The doppler study findings were compared with the titre values
obtained by both methods.

2.3. Statistical analysis

Statistical analysis was performed using IBM SPSS version 20.0
software. Categorical variables were expressed using frequency and
percentage. Chi-square test was used to find the association between
titres by both methods and USG findings. Receiver operating curve
(ROC) curve was used to find the cutoff for critical titre by tube and
column method in predicting anemia in the fetus. Diagnostic measures
such as sensitivity, specificity, PPV, NPV and accuracy were calculated
for the critical titre values. Mann Whitney U test was used to compare
the mean column titre among pregnancies with and without anemia.
Spearmann rank correlation was used to find the correlation between
titres from column and tube method. A p value of <0.05 was con-
sidered to be statistically significant.

3. Results

A total of 65 blood samples from 46 anti D antibody positive an-
tenatal women were tested during the study period. Mean age of the
antenatal mothers was 30.9 ± 4.3 years. The distribution of ABO blood
groups among them, were O (37 %), B (33 %) and A (30 %).

Among the 65 samples, only 58 (89 %) and 40 (62 %) samples gave
a positive result in serial dilution with column method and tube method

respectively. Eighteen samples (27 %) were negative when tested in
dilution in tube method, which were positive by column method. The
median titre obtained by the tube method was 4 (range 1–512) while
that by the column method was three fold higher at 32 (range 1–1024).
There was a strong positive correlation in titre values between tube
method and column method (r = 0.89, p < 0.001) (Fig. 1). Only 7 (11
%) samples had no difference in titre between column and tube method.
Four (6 %) samples had more than a five-fold difference. (Fig. 2).

3.1. MCA PSV study by Doppler ultrasonography

The mean MCA PSV observed was 1.2 ± 0.3 MoM among the fe-
tuses. Fetal anemia (MCA PSV > 1.5MoM) was observed in 10 mea-
surements in 8 fetuses. Median titres in tube and column method with
respect to fetal anemia was 32 and 256 respectively, as summarized in
Table 1. The average MCA PSV levels in anemic and non-anemic fetuses
were 1.7 ± 0.2 MoM and 1.1 ± 0.2 MoMrespectively.

ROC analysis revealed a cut off of 12 for the critical titre of Anti D
antibody by the tube method (the area under the curve 81.7 %). The
nearest dilution of 16 was therefore taken as the critical titre value with
70 % sensitivity, 74.5 % specificity, negative predictive value of 93.18
% and positive predictive value of 33.3 %. The accuracy of the test was
73.85 %.

Similarly, the cut off for column method was 96 (the area under the
curve 83.2 %). Hence the nearest dilution of 64 was taken as the cut off

Fig. 1. Scatter plot showing correlation of titre levels between column method
and tube method.

Fig. 2. Distribution of difference in titre levels of column method compared to
Tube method.
Number of samples with 0–6 fold difference in titers between tube and column
method.
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for critical titre for the column method with 90 % sensitivity and 56.4
% specificity, negative predictive value of 96.9 % and a positive pre-
dictive value of 27.3 %. The accuracy was 61.5 % (Fig. 3).

There was a significant association between MCA doppler values
and critical titres determined by tube method (p = 0.016) but no sig-
nificant association between USG findings and critical titres determined
by column method (p = 0.076) (Table 2).

3.2. Fetal outcome

Six fetuses required a total of 8 intra-uterine transfusions during the
antenatal period. Twenty one (46 %) of the included women delivered
at our centre, and babies were followed up with blood grouping and the
direct coombs test (DCT). 17 out of 21 babies (81 %) were RhD positive.
DCT was positive in 13 out of 21 (62 %) babies. ABO incompatibility
between mother and baby was seen in only 1 out of 21 cases. All 21
babies were well at discharge. Follow up details were unavailable for
the other included women who delivered elsewhere.

4. Discussion

Column agglutination technology is a more sensitive platform than
the tube method for antibody screening, identification and cross-
matching as it can detect even weak antibodies that are not detected by
tube method [1]. Consistent with published literature, this study ob-
served that the column method is more sensitive and could detect an-
tibodies in an additional 18 (27 %) samples compared to serial dilution
by the tube method [1].

Lately, most laboratories perform antibody titres using column
method as it is precise, reproducible with standardized end points, easy
to perform and less dependent on technical skills of the operator [7].

The benefit of the column method in antibody titrations however
remains uncertain. Large variation is observed in the titre reports due to
the lack of standard practices in performing the tests by different la-
boratories [8,9]. Variations in technology and procedural steps like
incubation time, diluents, testing phase are the contributing factors [7].
In tube method, interpreting the end points could have subjective
variations [[10],11]. AuBuchon et al. reported decreased variability
with column method than with tube method [12].

A median three fold difference in antibody titres between the
column and tube method was noticed in our study. Similarly Novaretti
et al. reports a 3.4 fold higher titres in the gel micro-column assay
compared to the tube method [4]. The difference between the column
and tube titres ranged between one to five fold, similar to a study from
North India [1]. It is understood that there is less variability in column
titres at higher tube titres [4]A same titre or a one fold difference is
ideal and indicates a standardised method of testing [13].

Novaretti et al. reported that in all samples tested, the column titres
were higher than tube titres, as in the present study [4]. In a study by
Adriaansen MJ, 81 % gel titres were same or within one titre range of
the tube titre [13]. In contrast, only 11 % samples in our study showed
same titres by both methods. Even though such variation exists, there
was a strong positive correlation in titre values between the two
methods (r = 0.89, p < 0.001). Also, rising titres on any platform
indicate an impending risk for the fetus. A difference of two dilutions
has to be considered significant [13]. Antenatal mothers with titers
above the critical titre are referred to fetal medicine centres for serial
ultrasound monitoring for fetal anemia. Those with rising antibody ti-
tres are closely monitored with serial titres and referred as and when
they reach the critical titre. As the column agglutination method is
more sensitive, the critical titre level of 16 applicable for tube method
cannot be applied for column method in predicting at risk fetuses [1]. A
titre of 16 in column titration, most often is not associated with any
hemolysis or anemia in the fetus. It was observed that only 21 % of
fetuses had anemia when column method titre >16. Therefore, keeping
a cut off of 16 for the column method actually overestimates the risk of
fetal anemia. As a corollary, it is very relevant to set a critical titre for
the column method to guide fetal surveillance.

The decreased blood viscosity in anemic fetuses together with an
increased venous return leading to high blood-flow velocities that can
be picked up by Doppler USG is used in the prediction of fetal anemia
[14,15]. MCA PSV measurement remains the gold standard for non-
invasive screening of fetal anemia [2,16]. The mean MCA PSV was 1.1
± 0.2 MoM for non anemic fetues and 1.7 ± 0.2 MoM for anemic
fetuses. Shourbagy SE et al. observed MCA PSV for fetuses with normal
hemoglobin was 1.22 ± 0.21 while that for anemic fetuses was 1.62 ±
0.08 (P 0.001) similar to our study [17].

In the present study, titre >32 by tube method was associated with
fetal anemia whereas the column method had titre as high as 256 for
the same. From this, it is evident that column method will be predictive
of fetal anemia only at higher titres compared to the tube method.
Hence the referring physicians should be aware of both methods and
the labs should clearly mention the method adopted for such testing.

Even though a titre of 16 is the preliminary marker for fetal sur-
veillance, at our centre, all antenatal mothers who had a positive

Table 1
Median titres between tube and column method with respect to Doppler MCA
PSV.

Median titre Doppler MCA PSV

<1.5 MoM (n = 55) >1.5 MoM (n = 10)

Tube 2 32
Column 32 256

MCA PSV: middle cerebral artery peak systolic velocity; MoM: multiple of
median.

Fig. 3. Receiver operating characteristic curve (ROC curve) to determine cri-
tical titre by tube method and column method.

Table 2
Association between critical titre for Tube method, Column method with
Doppler MCA PSV.

Doppler MCA PSV P value

<1.5 MoM N (%) >1.5 MoM N (%)

Tube titre (n = 65) <16 41(93) 3(7) 0.016
≥16 14 (67) 7(33)

Column titre (n = 65) <64 31(97) 1 (3) 0.076
≥64 24 (73) 9(27)

MCA PSV: middle cerebral artery peak systolic velocity; MoM: multiple of
median.
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antibody screen were screened for MCA PSV as part of the routine
anomaly and growth scans. With rising titres,the frequency of mon-
itoring would be once in four weeks until it reached the critical level.

Maternal titers are screening tests, not diagnostic of severe fetal
anemia, and should be discontinued once a critical titer is reached.
Majority of fetus who had MCA PSV > 1.5 MoM had anemia and IUT
was carried out at the same sitting when fetal haemoglobin was found
less than 10 gm/dL or hematocrit was less than 30 %.

In the present study, the critical titre level of 16 by tube method has
73.8 % accuracy and 74.5 % specificity in predicting fetal anemia.
Velkova E reports that titres below 32 and higher than 1000 can predict
likelihood of HDFN. Titres between 64 and 512 do not have much
predictive value [18]. At times high titres do not cause severe HDFN as
it may be constituted by subclasses other than IgG1/IgG3 and may not
cause complement activation and subsequent clearance [18]. Similarly
critical titre of 64 by column method had 90 % sensitivity,61.5 % ac-
curacy and 56.4 % specificity in predicting anemia and hence dilution
64 can be taken as the critical titre for column method. Thakur MK et al.
and Steiner also had stated that critical level of 64 may be used to
predict fetal anemia by column method [[1],19]. However, the critical
titre is considered to be 16 by both methods by most laboratories and
obstetricians. Hence, we reiterate that critical titre for column method
should be redefined as 64 as it holds promise to replace tube titration as
an effective alternative.

5. Limitations of the study

The study has not analysed other clinically significant antibodies
implicated in HDFN and hence the critical titre values cannot be applied
to other alloantibodies. Clinical outcomes in all included cases could
not be studied.

6. Conclusions

Column agglutination method for anti D antibody titrations have
shown a trend towards decreased variation between centres when
compared with the tube method. However, the use of the highly sen-
sitive column method results in increased number of patient referrals to
fetal medicine centres for specialized care. A cut off titre of 64 by
column method can predict fetal anemia and hence optimize the patient
referrals. Further prospective studies are required to assess the neonatal
outcomes.
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