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mixed agglutination reaction (MAR) as an additional investigational method.
Methods: Two individuals with discordant forward and reverse ABO grouping
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haemolysins. Prolonged reverse grouping was performed at 4 °C and 37 °C.
Adsorption studies were conducted using erythrocytes, leucocytes, saliva or
mucosal cells and epidermal cells.

Results: In Person A, routine forward grouping showed no agglutination with
anti-A or anti-B reagents, whereas reverse grouping demonstrated strong re-
activity with A reagent erythrocytes and no reactivity with B reagent eryth-
rocytes. After 1 h of prolonged incubation, the serum agglutinated A eryth-
rocytes at 4 °C (4+) and 37 °C (2+) and B erythrocytes at both 4 °C and 37
°C (3+). Adsorption with anti-A serum reduced agglutination after exposure to
the individual’s erythrocytes, leucocytes, mucosal cells and epidermal cells. A
blood-group substance was detected in saliva and epidermal cells adsorbed
anti-A antibodies in MAR. Autoimmune acid-agglutinating antibodies were not
detected. The combined serological findings were consistent with a suspected
Ael phenotype. In Person K, routine forward grouping showed no agglutination
with anti-A or anti-B reagents, while reverse grouping demonstrated reactivity
with A erythrocytes but not with B erythrocytes. Following 1 h of prolonged in-
cubation, A erythrocytes were agglutinated at 4 °C and 37 °C (4+ at both tem-
peratures), whereas B erythrocytes were agglutinated at 4 °C (3.5+) and 37 °C
(34). Adsorption with anti-B serum reduced agglutination after exposure to the
individual’s erythrocytes, leucocytes and epidermal cells. B blood-group sub-
stance was detected in saliva and epidermal cells adsorbed anti-B antibodies
in MAR. These findings were consistent with a suspected Bel phenotype.
Conclusion: These two cases illustrate complex ABO discrepancies that
could not be resolved by routine forward and reverse grouping alone. Pro-
longed incubation, adsorption studies, secretor-status determination and epi-
dermal MAR provided complementary evidence of very weak A- and B-relat-
ed antigenic activity. The combined findings were consistent with suspected
Ael and Bel phenotypes; however, definitive subgroup assignments were not
established. Epidermal MAR may represent an additional investigational ap-
proach in selected cases of suspected weak ABO phenotypes, but its diag-
nostic performance and clinical utility require validation in larger studies.
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Introduction

The ABO blood group system plays an important
role in safe blood transfusion, transplantation
and the management of foeto-maternal incom-
patibility. ABO discrepancies occur when for-
ward and reverse grouping results do not agree.
Such discrepancies require additional investiga-
tion before a definitive blood group is assigned.!
Increasing demand for transfusion and trans-
plantation highlights the importance of careful
pre-transfusion testing.

Desai and colleagues reported 117 ABO discrep-
ancies among 211 568 blood samples. Weak or
missing antigens and antibodies, panagglutina-
tion and miscellaneous factors were identified as
causes of discrepancies.?

Variation in erythrocyte antigen expression
gives rise to ABO subgroups. Weak B phenotypes
include B3, Bx, Bm and Bel. Weak antigen expres-
sion or unexpected antibodies may complicate
blood-group assignment and transfusion com-
patibility testing.

Changes in ABH antigen expression have been
described in association with malignancy. Such
changes may complicate ABO grouping.? These
cases remain challenging to resolve, since despite
the appearance of highly sensitive diagnostic
methods with serological and genetic technol-
ogies, they do not always allow identification
of weak antigens and determination of further
transfusion or donor-selection strategies. Deter-
mination of subgroups requires specialised im-
munohaematological techniques, namely adsorp-
tion-elution or molecular genotyping for proper
detection.

Published cases of ABO discrepancy illustrate the
diversity of the underlying mechanisms. One in-
dividual was typed as group O by forward group-
ing and as group B by reverse grouping. Repeat
testing by the conventional tube technique and
adsorption-elution studies demonstrated weak B
antigen expression. B and H substances were de-
tected in saliva and the findings were interpreted
as a Bm phenotype.* A separate report described
cold agglutinin interference in forward and re-
verse grouping in a patient with clonal B-lymph-
oproliferative disease.®

ABO-related antigen expression may differ be-
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tween erythrocytes and nucleated cells. Mixed
agglutination reaction (MAR) is therefore of in-
terest as an investigational method for demon-
strating antibody binding to tissue cells. Mod-
ifications of MAR have also been used to detect
antisperm antibodies.®” Coombs and colleagues
described mixed agglutination as a method for
identifying antibody-bound cells.® The mixed
cell agglutination test was subsequently applied
to cell-surface antigens in renal cell carcinoma.
Strong agglutination was associated with surviv-
al at 5.0 years in that study, suggesting a possi-
ble relationship between antigen expression and
prognosis.” These observations provide a ratio-
nale for investigating MAR on nucleated cells in
cases of ABO discrepancy, without establishing
its diagnostic performance in that setting.

Previous investigations of leucocyte MAR de-
scribed the use of sera from individuals without
weak blood-group antigens and test erythro-
cytes from individuals with normal erythrocyte
sedimentation rates and platelet counts.’® The
success of visualisation of adsorbed antibodies
on leucocytes stimulated study of this method
for blood-group testing using skin epidermis. The
present study aimed to investigate ABO discrep-
ancies using prolonged incubation, adsorption
studies, secretor-status determination, testing at
different temperatures and epidermal MAR.

Methods

Two women with discrepancies between for-
ward and reverse ABO grouping were investigat-
ed. Routine forward grouping suggested group
0, whereas reverse grouping suggested group B.
Erythrocytes and leucocytes were obtained from
blood collected in ethylenediaminetetraacetic
acid (EDTA). The cells were washed three times
with 0.9 % saline, centrifuged at 1000 rpm for
one minute, resuspended in 0.9 % saline and used
for the investigations.

Forward and reverse ABO grouping

Forward grouping was performed by the slide
method with anti-A and anti-B reagents (Tulip
Diagnostics, Goa, India). Reverse grouping was
performed using group A, B and O reagent eryth-
rocytes. Agglutination strength was graded from
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negative (0) to strong (4+). The conventional tube
technique was used for prolonged reverse group-
ing at 4 °C and 37 °C. Reverse grouping was also
performed after serum was heated at 56 °C for 30
minutes.

Adsorption studies

Adsorption reactions were performed at 4 °C for
12 hours in a refrigerator (Infitek, USA). The re-
actions were evaluated microscopically using a
MicroMed XS-3330 microscope (China).

Epidermal mixed agglutination reaction

Mixed agglutination has previously been de-
scribed for tissue typing.!* For the epidermal
procedure used here, a 10 mg sample of dry epi-
dermis was mixed with 3 mL of 10 % acetic acid
and refrigerated overnight. The mixture was
centrifuged at 3000 rpm for one minute. The sed-
iment was placed on a glass slide and allowed to
dry for 10 minutes. Then, 100 pL of 96 % ethanol
was added for five minutes, followed by 100 pL
of Azure-Eosin dye for 30 minutes at room tem-
perature. The sample was rinsed with tap water.
Whole polyclonal anti-A or anti-B serum (100 pL,
titre 1:128) was added and the sample was placed
in a humid chamber at 4 °C for 18 hours. The sam-
ple was immersed in saline for 10 minutes, trans-
ferred to fresh saline for a further 10 minutes and
left at room temperature for 10 minutes. Washed
A or B erythrocytes (50 puL) were added and the
preparation was covered with a coverslip and in-
cubated at room temperature for 30 minutes. The
preparation was examined at x600 magnifica-
tion while the coverslip was gently tapped with a
pin. Firm erythrocyte attachment that persisted
during tapping was interpreted as binding to an-
tibodies adsorbed by the epidermal cells. Three
independent experiments were performed for
each case, with identical results. At least 10 fields
were examined by two observers.

Epidermal samples from group A individuals
(four samples) and group B individuals (two
samples) were exposed to anti-A and anti-B sera
and monoclonal anti-A and anti-B antibodies as
positive controls. Epidermal samples from group
O individuals (three samples) incubated with
anti-A and anti-B antibodies served as negative
controls. Further negative controls consisted of
group A and B epidermal samples incubated with
saline or AB serum instead of specific antibodies.

Group O epidermal cells
Group O cells lack both A and B antigens. They
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were incubated with anti-A and anti-B antibodies
and then mixed with indicator red blood cells. No
mixed agglutination was observed.

Group A and B epidermal cells

Strong mixed agglutination was observed with
the corresponding antiserum and indicator
erythrocytes. These findings supported preser-
vation of detectable antigen-related activity after
tissue preparation.

Antibody baseline control

Epidermal cells were processed through all wash-
ing and incubation phases, but saline and serum
from the AB sample were used instead of anti-A
or anti-B antibodies. They were then exposed to
the indicator red blood cells. Complete absence
of binding was observed. The indicator red blood
cells remained entirely free from the epidermal
cells.

Monoclonal antibody controls

Monoclonal anti-A and anti-B antibodies were
used in reagent controls. Their reactivity was
checked against erythrocytes of known ABO
groups. Incubation of the anti-A monoclonal an-
tibody with known group A red blood cells pro-
duced a positive result. Contact of the anti-B
monoclonal antibody with known group B red
blood cells produced a positive result.

Controls for non-specific erythrocyte at-
tachment: wash efficiency

Two washing steps were performed after anti-
body incubation to remove unbound immuno-
globulins. The final wash supernatant was tested
against indicator erythrocytes and no agglutina-
tion was observed. This finding supported the
removal of unbound agglutinating antibodies but
did not, by itself, establish the specificity of every
subsequent cell-erythrocyte interaction.

Detection of warm and cold acid
haemolysins

Warm and cold monophasic acid haemolysins
were investigated in serum from Person A. Two
rows of four test tubes were prepared as follows.
Tube 1 contained 100 pL of serum and 10 pL of
1/3 N HCI. Tube 2 contained 50 pL of serum, 50
uL of complement and 10 pL of 1/3 N HCI. Tube 3
contained 100 pL of serum. Tube 4 contained 100
uL of complement and 10 pL of 1/3 N HCI. A 10 pL
aliquot of a 30 % suspension of washed erythro-
cytes was added to each tube.
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The first row was incubated at 37 °C for 60 min-
utes. The second row was incubated at 4 °C for
30 minutes and then at 18 °C for 30 minutes. The
tubes were centrifuged at 1000 rpm for 10 min-
utes and haemolysis was assessed in the super-
natant.

Interpretation of the acid haemolysis assay

The following interpretation criteria were used.
Absence of haemolysis in all tubes was interpret-

Results

Case 1: Person A

Forward ABO blood grouping of Person A showed
no agglutination of erythrocytes with anti-A or
anti-B reagents at room temperature, initially
suggesting blood group O. In reverse grouping,

Table 1: Serological and adsorption findings in Person A
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ed as absence of monophasic acid haemolysins.
Haemolysis in tubes 1 and 2 but not in tubes 3
and 4 was interpreted as the presence of warm
and cold acid haemolysins. Haemolysis in tube 1
but not in tubes 2, 3 or 4 was interpreted as the
presence of monophasic warm and cold haemoly-
sins with weak complement activity. Haemolysis
in tube 2 but notin tubes 1, 3 or 4 was interpreted
as weak complement activity in the individual’s
serum with warm and cold haemolysins.

the serum of Person A reacted with A erythro-
cytes but showed no detectable reaction with B
erythrocytes at room temperature, resulting in
an ABO discrepancy (Table 1).

Reagent or indicator . Reaction
Test method Tested sample erythrocytes Temperature Incubation strength/result
Forward ABO Person A Anti-A reagent / Room .
grouping erythrocyte Anti-B reagent temperature 10 min 0/0
Reverse ABO A/ B reagent Room
. i 4+/0
grouping Person A serum erythrocytes temperature 10 min *
Prolonged reverse Areagent . .
grouping (CTT) Person A serum erythrocytes 4°C/37°C Th 42+
Prolonged reverse B reagent o o
grouping (CTT) Person A serum erythrocytes 4°C/37°C 1h 34/3+
Reverse grouping Areagent o o Serum heated at 56 °C for 30 min;
after heat treatment Person A serum erythrocytes 4°C/37°C subsequent incubation time 1 h 0/2+
Reverse grouping B reagent o o Serum heated at 56 °C for 30 min;
after heat treatment Person A serum erythrocytes 4°C/37°C subsequent incubation time 1 h 0/0
. Person A . o
Adsorption erythrocytes Anti-A serum 4°C 12h 2.5+ — 2+
. Person A saliva / " o
- 4°C 12h
Adsorption mucosal cells Anti-A serum 25+ — 0.5+
Adsorption | gf ggg;tg\s Anti-A serum 4°C 12h 4+ — 3+
Person A . o
Adsorption epidermal cells Anti-A serum 4°C 12h b+ — 2+
Person A ; ° 2.5+ — 2.5+
Adsorption leucocytes Anti-B serum 4 e (no de?r ease)
. Person A . 2.5+ — 2.5+
- 4° 12h
Adsorption erythrocytes Anti-B serum ¢ (no decrease)
i ; ; o 3+ — 3+
Adsorption Person A saliva Anti-B serum 4°C 12h (no decrease)
Adsorption Person A Anti-B serum 4°C 12h 3+ — 3+

epidermal cells

(no decrease)

0, no agglutination; positive values indicate graded reaction strength. CTT, conventional tube technique. Values separated by a slash correspond to the reagents
or temperatures listed in the same order. Arrows indicate reaction strength before and after adsorption.
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Figure 1: Attachment of A indicator erythrocytes to epidermal
cells from Person A after exposure to anti-A in mixed agglutina-
tion reaction (MAR)

Prolonged incubation in reverse blood grouping
revealed additional reactivity. The serum agglu-
tinated A erythrocytes at 4 °C (4+) and 37 °C (2+)
and B erythrocytes were agglutinated at 4 °C (3+)
and 37 °C (3+) after 1 hour of incubation. Thus,
prolonged incubation revealed reactivity with
both A and B erythrocytes that was not evident
under routine room-temperature conditions.

To further characterise the temperature-depen-
dent reactivity, the serum was heated at 56 °C for
30 minutes. After heating, the serum no longer
agglutinated A erythrocytes at 4 °C but retained
reactivity with A erythrocytes at 37 °C (24). No
agglutination of B erythrocytes was observed
with the heated serum at either 4 °C or 37 °C.
These findings demonstrate a change in the sero-
logical reactivity pattern after heating and sug-
gest that at least part of the observed reactivity
was temperature dependent.

Adsorption experiments were subsequently per-
formed. Adsorption of the erythrocytes, leuco-
cytes, saliva and epidermal cells of Person A with

- J

Figure 2: No attachment of indicator erythrocytes to epidermal
cells from Person A after exposure to anti-B

anti-B serum did not result in a decrease in ag-
glutination. In contrast, adsorption of erythro-
cytes, leucocytes, mucosal cells and epidermal
cells with anti-A serum resulted in decreased ag-
glutination from 2.5+ to 2+, 4+ to 3+, 2.5+ to 0.5+
and 4+ to 2+, respectively.

Person A was identified as a secretor of A blood
group substance. Epidermal cells demonstrated
adsorption of anti-A antibodies and A erythro-
cytes were observed to attach strongly to the sen-
sitised epidermal cells in MAR (Figures 1 and 2).

A lymphocytotoxicity assay demonstrated an
inhibitory effect of serum from Person A on the
lymphocytotoxicity of the control serum. Using
undiluted Person A serum, lymphocytotoxicity
decreased from 21 % to 16 %, whereas diluted se-
rum (1:4 in 0.9 % sodium chloride) resulted in lym-
phocytotoxicity of 32 %. In a second experiment,
lymphocytotoxicity decreased from 19 % to 12 %
with undiluted serum and was 31 % with serum
diluted 1:4 in 0.9 % sodium chloride (Table 2).

Table 2: Effect of Person A serum on complement-dependent lymphocytotoxicity

With G’ and undiluted With G’ and Person A

Testiserim Without & With ¢ Person A serum serum diluted 1:4
Group 01 serum 10 % 21 % 16 % 32%
Group 02 serum 8% 19 % 12 % 31%

C', complement. Values indicate lymphocytotoxicity (%).
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Person A was also investigated for unexpected
autoimmune acid-agglutinating antibodies. No
autoimmune acid-agglutinating antibodies were
detected. Weak immune anti-A and anti-B reac-
tivity was observed. In the acid haemolysis reac-
tion, mild haemolysis was observed with A and
B erythrocytes, whereas no haemolysis was ob-
served with the erythrocytes of Person A.

Taken together, the grouping results, adsorption
findings, secretor status and epidermal MAR re-
activity supported very weak A-related antigenic
activity. The Ael designation remained a suspect-
ed phenotype rather than a definitive subgroup
assignment.

Case 2: Person K

In direct ABO blood group typing, the erythro-
cytes of Person K showed no agglutination with
anti-A or anti-B antibodies at room temperature,
initially suggesting blood group O. In reverse
grouping, the serum of Person K agglutinated A

Table 3: Serological and adsorption findings in Person K
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erythrocytes but showed no detectable aggluti-
nation with B erythrocytes.

Prolonged incubation revealed a broader reac-
tion pattern. After one hour, A erythrocytes were
agglutinated by serum from Person K at 4 °C and
37 °C (4+ at both temperatures). B erythrocytes
were agglutinated at 4 °C (3.5+) and 37 °C (3+)
(Table 3).

Adsorption of erythrocytes, saliva and epidermal
cells of Person K with anti-A antibody did not re-
sult in decreased agglutination. In contrast, ad-
sorption with anti-B serum with erythrocytes,
leucocytes and epidermal cells resulted in de-
creased agglutination with changes from 3+ to
0.5+, 3+ to 0 and 4+ to 2.7+, respectively.

Epidermal cells from Person K adsorbed anti-B an-
tibodies in the MAR assay (Figures 3 and 4). The
combined findings supported weak B-related an-
tigenic activity, with Bel retained as a suspected
rather than confirmed phenotype.

Reagent or indicator : Reaction
Test method Tested sample erythrocytes Temperature Incubation strength/result
Forward ABO Person K Anti-A / Anti-B Room 10 mi 0/0
grouping (slide test) erythrocytes reagent temperature min
Reverse ABO A/ B reagent Room 10 mi 4410
grouping Person K serum erythrocytes temperature min +
Prolonged reverse A reagent o o
grouping (CTT) Person K serum erythrocytes 4°C/37°C 1h o
Prolonged reverse B reagent o o
grouping (CTT) Person K serum erythrocytes 4°C/37°C 1h 3.5+/3+
Person K
; i- ° 4+ — 4+
Adsorption epidermal cells Anti-A serum 4°C 12h - de;;ease)
) Person K ; 2.5+ — 2.5+
Anti-A serum 4° 12h : :
Adsorption erythrocytes c (no decrease)
. . . o 2.5+ — 2.5+
Adsorption Person K saliva Anti-A serum 4°C 12h (no decrease)
. Person K - °
Adsorption erythrocytes Anti-B serum 4°C 12h 3+ — 0.5+
. Person K . o
Adsorption leucocytes Anti-B serum 4°C 12h 3+—0
Adsorption Person K Anti-B serum 4°C 12h 4+ — 2.7+

epidermal cells

0, no agglutination; positive values indicate graded reaction strength. CTT, conventional tube technique. Values separated by a slash correspond to the reagents

or temperatures listed in the same order. Arrows indicate reaction strength before and after adsorption.
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Figure 3: No attachment of indicator erythrocytes to epidermal
cells from Person K after exposure to anti-A

Discussion

Accurate ABO grouping and investigation of dis-
crepant results are essential to transfusion safe-
ty. ABO discrepancies are commonly classified
into four categories: weak or missing antibodies
in reverse grouping, weak or missing antigens in
forward grouping, plasma or protein abnormali-
ties and miscellaneous causes.

A published donor study reported 92 ABO dis-
crepancies among 52 568 samples. Type 1 dis-
crepancies were the most frequent, followed by
types 2, 3 and 4. Group O was most frequently
associated with type 1 discrepancies, whereas
group A was more frequently associated with
type 3 discrepancies.’? A separate study from
Eastern India reported an incidence of approxi-
mately 0.3 % and used additional serological in-
vestigations to resolve discrepancies.®

Approaches to investigating ABO discrepancies
include gel-card testing, incubation at different
temperatures, washing erythrocytes with warm
saline, adsorption-elution and secretor studies.
Gold nanoparticle enhancement of slide-test ag-
glutination has been reported in an experimental
weak B3 sample.!* This finding does not establish
performance across all weak ABO subgroups.
Molecular approaches can assist with rare phe-
notypes, although they may not be available in
every immunohaematology laboratory.

- J

Figure 4: Attachment of B indicator erythrocytes to epidermal
cells from Person K after exposure to anti-B in mixed agglutina-
tion reaction (MAR)

Weak ABO phenotypes represent a particular di-
agnostic challenge. Weak A phenotypes include
A3, Ax, Aend, Am, Ay and Ael, whereas weak B
phenotypes include B3, Bx, Bm and Bel. The de-
gree of antigen expression may vary substantial-
ly and may lead to discrepancies between for-
ward and reverse grouping.

The incidents of weak A and B blood group an-
tigens are described in the literature. Thus, a
person, initially typed as blood group O, by ad-
sorption and saliva tests was revealed to be Aend
type. The patient was a secretor of H substance.
Anti-A1 was absent in the serum. ®

Many researchers use adsorption and saliva tests
after performing initial blood group testing.
Thus, the person, a secretor of A and H substanc-
es did not show any presence of anti-A1 in serum,
demonstrating serological characteristics of A3

type.t®

Bel erythrocytes do not agglutinate with anti-B
antibodies in forward blood group typing, mak-
ing them difficult to reveal using conventional
methods. The B antigens in individuals with the
Bel are weakly expressed and may only be detect-
ed using sensitive methods including adsorption
with anti-B antisera. Bel individuals present a
unique challenge in blood typing due to weak B
antigen expression, requiring careful testing and
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interpretation to avoid misclassification and en-
sure transfusion safety.

In individuals with weak ABO phenotypes, the
erythrocyte antigen density may be below the de-
tection threshold of routine serological methods.
In some cases, only a proportion of erythrocytes
expresses the antigen sufficiently to produce vis-
ible agglutination, resulting in weak or mixed-
field reactions. Therefore, additional techniques
may be required when the routine forward and
reverse grouping results are inconsistent.

Immunological visualisation of ABO-related sub-
stances on tissue and epithelial cells has also
been investigated. Immunostaining studies have
demonstrated ABH-related substances in epi-
thelial tissues and changes in expression have
been reported in certain pathological conditions.
MAR has been used as an immunological method
to demonstrate antibody adsorption on cells. In
the present study, MAR was applied to epidermal
cells as an additional investigational method in
cases when routine erythrocyte ABO typing pro-
duced discrepant results.

Mixed agglutination has also been used to de-
termine A, B and H blood groups in hair.”” In tis-
sue-based applications, indicator erythrocytes
are added after exposure of the investigated cells
to specific antibodies. Attachment of erythro-
cytes to sensitised cells provides a visual indica-
tion of antibody binding.

Sperm MAR and immunobead methods are used
in antisperm antibody investigation.®” Latex ag-
glutination has also been investigated for other
purposes, including detection of Trichomonas
vaginalis antigen.'® These assays examine differ-
ent targets and should not be treated as inter-
changeable evidence for epidermal ABO testing.

Previous studies demonstrated the use of MAR
for blood-group antigen visualisation on leuco-
cytes.’ In the present study, adsorption and epi-
dermal MAR were used to investigate two ABO
discrepancies. A serum titre of 1:128 was used
for adsorption and MAR; these two cases do not
establish that this titre is required in all applica-
tions.

Importantly, the detection of ABH-related mate-
rial on epidermal cells should not be interpreted
as direct proof of the quantitative expression of
ABO antigens on erythrocytes. ABO substances
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expressed by epithelial cells and ABO antigens
expressed on erythrocyte membranes are biolog-
ically related but are not necessarily identical in
their quantity, membrane organisation or detect-
ability by a particular assay. Therefore, the epi-
dermal MAR findings in the present study should
be regarded as supportive evidence of ABO-relat-
ed substance expression rather than definitive
proof of an erythrocyte ABO phenotype.

Third-generation sequencing is a promising
method, delivering high-confidence results. Im-
munohaematology centres use sequencing-based
techniques to detect rare ABO blood group types.
However, the application of these techniques re-
mains difficult.’ Despite its advantages, geno-
type-based matching has limitations: high costs,
challenges interpreting variants, incomplete
coverage of weak antigens, turnaround time con-
straints and limited availability of donors.?°

Ael denotes very weak expression of A antigen
on erythrocytes. Person A had no detectable ag-
glutination by routine forward grouping, but an-
ti-A adsorption produced reductions in reaction
strength after exposure to erythrocytes, leuco-
cytes and epidermal cells. For example, the epi-
dermal-cell experiment showed a reduction from
4+ to 2+. The attachment of A indicator erythro-
cytes to anti-A-exposed epidermal cells provided
visual evidence of antibody adsorption under the
experimental conditions. Anti-Al reactivity may
occur in weak A phenotypes, but it must be dis-
tinguished from reactivity with general A indica-
tor erythrocytes.

Person A showed temperature-dependent reac-
tivity with A erythrocytes (4+ at 4 °C and 2+ at 37
°C). This pattern alone does not identify anti-A1l
specificity or establish an Ael phenotype. Differ-
entiation among weak A phenotypes requires
consideration of forward-grouping reactions,
salivary substances and serum antibody profiles.
None of these features should be interpreted in
isolation.

These findings collectively support the presence
of A-related serological activity despite the ab-
sence of detectable A antigen by routine forward
grouping. However, they do not provide sufficient
evidence to distinguish definitively between Ael
and all other very weak A phenotypes. In partic-
ular, definitive classification of Ael would ideally
be supported by molecular analysis of the ABO
gene or by a comprehensive combination of sero-
logical and biochemical criteria.
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An Ael phenotype may resemble group O in rou-
tine forward grouping. Very weak A-related activ-
ity may require adsorption-elution or molecular
investigation and serum antibody reactivity may
vary. An A3 phenotype commonly shows mixed-
field agglutination and positive adsorption. A and
H substances may be detectable in secretors and
anti-A1 may occur.

An Ax phenotype may show negative or very weak
(1+) reactivity with anti-A and greater reactivity
with anti-A,B. Adsorption, salivary findings and
anti-A1l testing contribute to interpretation, but
no single reaction pattern should be treated as
universally definitive.

An Am phenotype may show no agglutination
with anti-A or anti-A,B despite demonstrable
A-related activity by additional testing. A and H
substances may be detectable in secretors, with
anti-A1 reactivity being uncommon.

An Aend phenotype may show very weak mixed-
field agglutination and positive adsorption. Sal-
ivary substances and serum antibody findings
contribute to differentiation from other weak A
phenotypes.

Person A was interpreted as having a suspected
Ael phenotype on the basis of weak A-related ac-
tivity despite negative routine forward grouping.
However, anti-A reactivity alone does not distin-
guish Ael from all other weak A phenotypes. De-
pending on the ABO variant, serum antibody re-
activity may differ; adsorption-elution, secretor
studies, specific anti-A1l testing and molecular
characterisation should be considered together.
Published weak A cases illustrate the need for
additional testing rather than assignment from
one reaction pattern.®

Person K showed no detectable direct agglutina-
tion with the routine reagents. Anti-B adsorption
reduced reaction strength from 3+ to 0.5+ after
exposure to erythrocytes and from 3+ to 0 after
exposure to leucocytes. Epidermal cells reduced
reaction strength from 4+ to 2.7+ and bound B in-
dicator erythrocytes in MAR.

No change was observed in the parallel anti-A ad-
sorption experiments. Together with the anti-B
results, this supported differential antibody ad-
sorption under the tested conditions, but did not
establish 100 % analytical specificity.

11007

Person K’s serum agglutinated A erythrocytes at
room temperature and also agglutinated B eryth-
rocytes after prolonged incubation at 4 °C (3.54)
and 37 °C (3+). The additional B-cell reactivity re-
quired further antibody investigation and could
not by itself establish anti-B specificity.

The combined findings were compatible with a
suspected weak B phenotype, including Bel as a
possible interpretation. Definitive classification
was not established.

Differentiation of weak B phenotypes involves
forward agglutination, salivary substances and
serum antibody profiles. The reagent panel and
test conditions affect interpretation.

B3 commonly shows mixed-field agglutination
with anti-B. Person K showed no mixed-field re-
action with the routine reagents used, arguing
against the usual B3 pattern without definitively
excluding all weak variants.

Bx may show weak direct agglutination, often 1+
to 2+, with selected anti-B or anti-A,B reagents.
Person K showed no direct reactivity in routine
testing, but the available reagent results did not
provide definitive exclusion of every Bx variant.

Bm may also show negative routine forward
grouping. B substance may be demonstrable in
saliva from secretors and antibody profiles con-
tribute to interpretation. Definitive differentia-
tion from Bel requires an appropriate serological
work-up and may require molecular testing.

No reduction in agglutination after exposure
of anti-B to Person K'’s saliva was reported and
was interpreted as absent or undetectable solu-
ble B substance. Such a finding would contribute
to subgroup interpretation but would not inde-
pendently establish Bel.

Bm and Bel phenotypes may demonstrate over-
lapping serological characteristics and definitive
classification may require additional molecular
ABO genotyping. The additional reactivity ob-
served during prolonged reverse grouping re-
quires careful interpretation. Reactivity with
both A and B erythrocytes, particularly when
observed at different temperatures, may result
from several mechanisms, including cold-reac-
tive antibodies, autoantibodies, nonspecific se-
rum reactivity, complement-dependent effects or
antibodies with unusual temperature character-
istics. Consequently, the presence of additional
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agglutination after prolonged incubation cannot
automatically be attributed to an ABO subgroup.

In Person A, reactivity was observed with A
erythrocytes at both 4 °C and 37 °C and with B
erythrocytes at both temperatures. The investi-
gation did not demonstrate autoimmune acid-ag-
glutinating antibodies, although weak immune
anti-A and anti-B reactivity was observed. Mild
haemolysis was also detected in the acid haemo-
lysis reaction with A and B erythrocytes but not
with autologous erythrocytes. These findings in-
dicate that the serum contained additional sero-
logical reactivity that could influence interpreta-
tion of the reverse-grouping results.

Importantly, in Person A the serum showed de-
creased activity of anti-A antibodies at 37 °C; in
Person K the serum showed decreased activity
of anti-B antibodies at 37 °C. The heating exper-
iment provided additional information concern-
ing the temperature dependence of this reactiv-
ity. Heating the serum of Person A at 56 °C for 30
min eliminated the reaction with A erythrocytes
at 4 °C but did not eliminate the reaction at 37
°C. Reactivity with B erythrocytes was no lon-
ger observed after heating. Thus, the experiment
demonstrated that different components of the
observed serum reactivity had different thermal
characteristics. However, this experiment alone
does not identify the specific antibody responsi-
ble for the reactions and should therefore be re-
garded as a supplementary serological observa-
tion rather than a diagnostic criterion for Ael.

Unexpected reactions with A or B indicator
erythrocytes require differentiation from auto-
antibody-related interference.?! The present in-
vestigation included acid haemolysin testing. A
previous study of ABO discrepancies considered
serum-related interference with haemagglutina-
tion.?? Leukaemia-associated weakening or loss
of ABO antigens has also been reviewed.?

Antibody specificity and temperature depen-
dence are important considerations in the inves-
tigation of unresolved ABO grouping. A published
case with strong anti-A and mixed-field anti-B
forward reactions, but no reverse-grouping reac-
tion, was resolved by polymerase chain reaction
with sequence-specific primers. A BA1 genotype
was reported and interpreted as an A1B phe-
notype.”* The lymphocytotoxicity experiment
demonstrated an inhibitory effect of Person A
serum on lymphocytotoxicity under the experi-
mental conditions used.

Kravchun et al. Scr Med. 2026 Sep-Oct;57(5):999-1011. [l

The lymphocytotoxicity results provide an ad-
ditional observation concerning serum activity
in ABO discrepancy. Serum-related inhibition
of typing antisera has been described in other
investigations.?” 2° In the present experiments,
undiluted serum reduced measured lymphocyto-
toxicity, whereas diluted serum produced higher
values. The assay was complement-dependent,
but these observations did not identify a specific
complement-inhibitory factor or establish pro-
tection from autoimmune haemolysis. Such inter-
pretations would require additional experimen-
tal characterisation.

Malignancy-associated ABO discrepancies have
been reported. Plasma cell myeloma may be as-
sociated with altered grouping reactions.?® Tran-
sient weakening of A-antigen expression and sub-
sequent reappearance have also been described
in acute myeloid leukaemia. In one reported
investigation, initial plasma reactivity with Al
erythrocytes (2+) and B erythrocytes (4+) was
followed by reappearance of A antigen, with mo-
lecular analysis supporting an AA genotype.?’

MAR as an additional investigational
method

The present study explored the use of epidermal
MAR to investigate weak ABO-related substance
expression in two cases with ABO discrepancies.
The observation of A erythrocyte attachment to
epidermal cells from Person A after anti-A expo-
sure and B erythrocyte attachment to epidermal
cells from Person K after anti-B exposure, pro-
vides evidence that the investigated epidermal
cells were capable of adsorbing the correspond-
ing antibodies under the experimental condi-
tions.

MAR positivity should not be interpreted as a di-
rect substitute for conventional erythrocyte ABO
typing. The method detects antibody adsorption
by epidermal cells and therefore provides infor-
mation about ABO-related substances on those
cells. It does not directly measure the amount or
functional expression of ABO antigen on circulat-
ing erythrocytes.

This distinction is particularly important for
weak ABO phenotypes. The relationship between
epithelial ABH substance expression and eryth-
rocyte ABO antigen expression may be influenced
by secretor status, tissue-specific expression and
the biochemical properties of the ABO antigens.
Therefore, epidermal MAR should be considered
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an adjunctive method that may provide addition-
al information when conventional serological
testing is inconclusive.

The specificity of the method required appropri-
ate controls. The study included group O, A and
B epidermal cells as controls for the attachment
of indicator erythrocytes. Such controls allowed
the specificity of erythrocyte attachment to be
distinguished from nonspecific cellular adhesion.

Relationship between MAR and
adsorption testing

Adsorption remains an established approach for
the investigation of very weak ABO antigens. In
contrast to adsorption, MAR provides visual-
isation of antibody adsorption directly on the
investigated cells through attachment of indica-
tor erythrocytes. This visual characteristic may
potentially provide complementary information
concerning the distribution of antigen-related
structures on individual cells.

However, MAR should not be considered a replace-
ment for conventional adsorption-elution testing.
The two approaches investigate related but not
identical aspects of antigen-antibody interaction.
Future investigations should therefore compare
the results of epidermal MAR with standard ad-
sorption-elution, serological subgrouping, secre-
tor studies and molecular ABO genotyping. Such
comparisons would help establish the clinical and
diagnostic significance of epidermal MAR.

Transfusion implications

An unresolved ABO discrepancy has implications
for recipient compatibility testing and donor-unit
disposition. Epidermal MAR findings alone do not
establish a definitive ABO group for clinical com-
ponent selection.

Component selection must take account of the
complete serological investigation, antibody
specificity and the urgency of transfusion. Where
urgent transfusion is required before resolution,
compatible group O erythrocytes may be consid-
ered under the transfusion service’s established
procedures.? This does not mean that every pa-
tient with an unresolved discrepancy can be as-
signed a definitive group O phenotype or that all
haemolytic risks are eliminated.

Plasma and platelet selection must be assessed
separately under local transfusion-medicine pol-
icy. The present two-case investigation does not
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establish a universal requirement for group AB
plasma or platelets.

Very weak donor antigen expression may be
missed by routine testing, so discrepant donor
results require further investigation. The risk
cannot be inferred solely from epidermal MAR
positivity. A donor unit with unresolved discrep-
ant ABO results should not be issued as though its
blood group were established.?

A suspected Ael or Bel interpretation does not
justify automatic relabelling as group A or B or a
claim of unrestricted safety for recipients of that
group. Definitive donor classification requires
resolution through the appropriate transfu-
sion-service procedures.

Limitations of the study

Molecular ABO genotyping was not performed.
The results supported suspected weak A and
weak B phenotypes, with Ael and Bel remaining
unconfirmed subtype interpretations. The study
included only two cases. Consequently, the find-
ings cannot be used to establish the diagnostic
sensitivity, specificity, reproducibility or clini-
cal utility of epidermal MAR. The relationship
between ABO-related substances detected on
epidermal cells and ABO antigen expression on
erythrocytesrequires further investigation. MAR
positivity demonstrates antibody adsorption by
epidermal cells and does not directly quantify
erythrocyte ABO antigen expression.

Conclusion

The two cases presented demonstrate com-
plex ABO discrepancies, when routine forward
and reverse blood group typing produced
discordant results. Additional serological in-
vestigations, including prolonged incubation,
adsorption studies, secretor status determina-
tion and epidermal MAR, provided evidence of
very weak A- and B-related antigenic activity.
The findings were interpreted as compatible
with suspected Ael in Person A and suspected
Bel in Person K, but did not establish defini-
tive subgroup assignments. Epidermal MAR
may provide supplementary information on
ABO-related substances in discrepant cases. Its
diagnostic performance and clinical utility re-
quire further investigation.
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