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Background and Objectives. Although widely used, sero-
logical typing of HLA loci does not always produce uequiv-
ocal results. This may be particularly the case for cord
blood since samples may be of small volume and poor
quality, and contaminated.

Design and Methods. We typed 220 cord blood units
(CBU) for HLA class I antigens using the serological tech-
nique. For those samples giving doubtful results we
repeated the HLA typing by polymerase chain reaction
with sequence specific primers (PCR-SSP).

Results. Results were satisfactory for 181 samples
(82.3%). For the remaining 39 (17.7%) we had a doubt-
ful antigen assignment for A locus in 9/39 cases (23.1%)
and for B locus in 22/39 cases (56.4%). Eight of the 39
samples (20.5%) could not be analyzed by serology due
to the high mortality of the cell suspension. Using PCR-
SSP we obtained clear definition of class I antigens in all
cases. All CBU were typed for HLA class II alleles by PCR-
SSP with clear results in 100% of cases.

Interpretation and Conclusions. In our experience, PCR-
SSP can resolve the limitations of serology but, at the
moment, it cannot substitute the latter in routine prac-
tice. The best strategy, in cord blood typing, is to perform
both serological and molecular typing in order to obtain
an accurate and clear result.
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Over the last 30 years, the microlymphocyto-
toxicity test, designed by Terasaki and
McClelland in 1964,1 has been used as the

method of choice for HLA typing in transplanta-
tion. Since the serological technique relies on the
use of human alloantisera, some problems, linked
to the quality and the availability of the sera and
the viability of the cells, can lead to results of
doubtful interpretation. Fortunately, in recent
years most problems linked to human alloantisera
have been resolved by the use of monoclonal sera.
Nowadays, molecular techniques can solve the
ambiguities of HLA-A and HLA-B loci results pro-
duced by serological tests .2-4 By comparing both
methods, it was clear that two types of problems
occurred: a) doubtful assignment of antigens
belonging to a cross-reactive group; b) lack of
antisera against rare specificities.

Although the serological test is almost satisfac-
tory when analyzing normal lymphocytes, prob-
lems arise with cord blood cells that show a high
background of dead cells and can be contaminat-
ed with erythroblasts. We analyzed the cord blood
units (CBU) of our cord blood bank,  typed by serol-
ogy, and performed molecular testing for those
considered doubtful in order to solve most of the
problems. We found that using both methods gave
us the best results.

Design and Methods
We typed 220 consecutive CBU for HLA class I

antigens with human alloantisera using the stan-
dard complement-dependent microlymphocyto-
toxicity test according to the National Institute of
Health (USA). Lymphocytes were isolated from 1
mL of CBU and placed in  commercial serological
typing trays (One Lambda, Biotest, GTI). After two
incubations at room temperature, a mixture of
acridine orange and ethidium bromide was added
to each well and the trays were analyzed by fluo-
rescent microscopy. The same units were analyzed
by polymerase chain reaction with sequence spe-
cific primers (PCR-SSP) in order to detect HLA-
DRB1 genes. Serological typings of all CBU were

HLA typing strategies in
a cord blood bank

LUCA LAURENTI, MARIA PAOLA PERRONE,
MAHNAZ SHAFII BAFTI, FRANCESCA FERRARI,
MARIA SCRENCI, IRENE PASQUA, GABRIELLA GIRELLI

Cellular Biotechnologies and Hematology Dep., Blood Bank,
Tissue Typing Section, “La Sapienza” University, Rome, Italy

Correspondence: Dr. Luca Laurenti, MD, Centro Trasfusionale
Universitario, via Chieti 7, 00161 Rome, Italy. Phone: international
+39.06.85795512. Fax: international +39.06.85795501. 
E-mail: laurenti@bce.med.uniroma1.it



852

haematologica vol. 87(8):august 2002

considered doubtful when cross-reactions, false-
positive reactions, unclear split assessment or poor
cell viability occurred. All doubtful HLA class I typ-
ings were pointed out and repeated by PCR-SSP.
DNA samples were extracted by the salting out
procedure5 and the PCR reaction, performed using
commercial primers (Dynal, Essemedical), was car-
ried out according to the manufacturer’s instruc-
tions. Samples were placed in a PE GenAmp System
9700 and the PCR products separated by elec-
trophoresis in a TBE 1% gel at 120 V for 30’ fol-
lowed by photography of the DNA products. The
specificities were assigned by the presence or the
absence of the band on the gel for each specific
primer combination.

Results
The serological typing for HLA class I antigens of

our CBU gave satisfactory results in 181/220 cas-
es (82.3%). Thirty-nine of the 220 CBU (17.7%)
had doubtful typings and needed a second analy-
sis by PCR-SSP.

Nine of these 39 samples (23.1%) showed
ambiguous determinations of HLA-A locus speci-
ficities. In 4/9 cases (#1-4, Table 1) we found prob-
lems in the assignment of the A19 splits while 3/9
cases (#5-7, Table 1), all A10, did not show the A66
specificity; in one case (#8, Table 1), serology did
not allow us to define the A69, split of A28, and
finally, a cross-reaction between A2 and A28
occurred (#9, Table 1). In 22/39 (56.4%) samples
there were problems in assigning the HLA-B locus
specificities:
• 7/22 cases showed cross-reactions between the

cross-reacting group (CREG) B35-B51-B53
(#10-16, Table 2);

• 3/22 cases (#23, 25, and 28, Table 2) involved
difficulty in the assignment of B40 (in two cas-
es due to the low reactivity of the specific anti-
sera and in one case to the cross-reaction
between B40 and B47);

• 3/22 cases (#17, 20, and 27, Table 2) showed a
low reactivity of the antisera with B15, 3/22
cases (#26, 29, and 30, Table 2) gave problems
in defining the B58 antigen allowing only the
detection of the broad specificity B17;

• 2/22 cases (#18, 19, Table 2) showed some
extra reactions particularly with B7, in one case
(#24, Table 2) it was impossible to discriminate
between B7 and B81 antigens;

• 2/22 cases (#21, 22, Table 2) showed some extra
reactions;

• one case (#31, Table 2), showed cross-reactions
between B51 and B52.

Eight of the 39 samples (20.5%) requiring PCR-
SSP analysis could not be typed by serology due to
high cellular mortality. PCR-SSP yielded clear
results in all cases, as shown in Tables 1 and 2.

Discussion
The increasing numbers of cord blood banks have

led tissue typing laboratories to develop a valid
strategy to achieve clear results with low costs.
Initially, the policy of our laboratory was to perform
HLA class I typing by serology and HLA class II typ-
ing by molecular biology. However, given the high
percentage of typing that needs to be repeated
because of the well-known problems associated
with cord blood cells,6,7 we are currently combin-
ing the molecular technique with the serological
test. In fact, the polymorphism of HLA molecules is
generally detected by alloantisera or monoclonal
antibodies that have a wider specificity than syn-
thesis reagents, primers or oligonucleotides; for
this reason serology can lead, in particular cases, to
incomplete information. Furthermore, serology is
sometimes inadequate with samples from hema-
tologic patients (low numbers of lymphocytes in
peripheral blood, interference by pharmacologic
therapies) or cord blood cells (poor quality and low
volume of samples, background of dead cells, con-
tamination by erythroblasts).

A recent study, performed on 1,644 cord blood
units,8 showed that 235 of these (14.5%) had a
doubtful HLA class I typing. In this case, a second
study by PCR-SSP revealed an incorrect assignment
of HLA-A and –B antigens of the same cross-reac-
tive group (CREG).

L. Laurenti et al.

Table 1. Comparative A-locus typing by serology and mole-
cular biology of 9/39 CBU.

N Serology Molecular biology

1 A11/A19 A*11/A*74

2 A23/A19 A*23/A*32

3 A19 A*32/A*33

4 A3/A19 A*03/A*29

5 A2/A10 A*02/A*66

6 A1/A10 A*01/A*66

7 A2/A10 A*02/A*66

8 A11/A28 A*11/A*69

9 A2/28 A*02
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In our experience, most of the difficulties in HLA
typing occurred at the B locus. In fact, with regards
to the A locus, all problems, except that of case #9
in which a cross-reaction between A2 and A28
occurred, concerned the split assignment; in par-
ticular, in 3 cases it was difficult to detect the same
antigen (A66) always, while in one case it was
impossible to detect the A74, because of the lack
of the corresponding alloantiserum. With regards
to the B locus typing, most of the problems con-
cerned cross-reactions  within the CREG group B5-
35-53 (8 cases) and in one case a cross-reaction
between B51 and B52 antigens occurred. In five
cases we had some extra reactions, and, again, five
cases showed low reactivity of the antisera, par-
ticularly of the anti-B15. In 3 cases the problems
were due to the lack of single sera against B58 (2
cases) and B81 (1 case). It is relevant that 8/39
samples (20.5%) could not be typed by serology
because of the high mortality (>30%) of the cells.

As mentioned before, all the molecular typings
led to clear solutions.

Compared to serological typing, the molecular
approach offers some advantages: greater accura-
cy, precise results, small quantity of blood, low
costs, independency from biological reagents, cell
viability and delivery times of samples to the lab-
oratory. On the other hand, PCR-SSP for the detec-
tion of class I antigens, needs large number of PCR
reactions to be set out and this is not applicable in
routine use. Furthermore it sometimes requires
deduction of information, such as splits that can-
not be detected by molecular biology at a low res-
olution, from serology.

By using monoclonal sera, the problems linked to
serology can be drastically reduced and it is possi-
ble to obtain a clear result. It is true that one can
apply this to molecular biology only for doubtful
cases or when a single antigen is detected at one
locus by serology, but we think that the use of both
techniques, serological and molecular, gives more
accurate and reliable results, without the necessi-
ty of larger blood samples, if one performs sero-
logical typing on the cells obtained from a small
amount (1 mL) of the cord blood that undergoes
DNA extraction (5 mL). Finally, but not less impor-
tantly, we have to consider that overlapping results
obtained from serology and molecular biology is a
further control for confirming correct DNA extrac-
tion from the sample.

In our opinion, the strategy to obtain the best
result in cord blood typing is to use both serology
and molecular biology; with the combined use of
the two techniques it becomes possible to obtain
a clear result in nearly 100% of cases.
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What is already known on this topic
HLA-compatibility is more accurately studied by molec-
ular techniques than by serological methods.

What this study adds
Molecular typing was necessary for HLA class I assign-
ment of 17% of cord blood units. The combination of
serological typing and, in doubtful cases, PCR-SSP
allowed HLA class I identification in 100% cases.

Potential implications for clinical practice
The sequential use of serological and molecular meth-
ods seems reasonable for routine HLA-typing of cord
blood units.
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