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INTRODUCTION

The selection of donors with adequate HLA compat-
ibility is essential for the success of hematopoietic
stem cell transplantation (HSCT) [1, 2]. HLA genotyp-
ically identical donors are the first choice, but only
about 30% of patients have this possibility. Unrelat-
ed donors, umbilical cord blood, or haploidentical
donors are alternatives for the remaining 70%. (Level
of evidence 2a; Grade of recommendation B).

RECOMMENDATIONS FOR PATIENT HLATYPING

It is recommended high-resolution HLA-A, -B, -C,
-DRB1, -DQB1, and -DPB1 typing for patients in
search of related and unrelated donors.

CONFIRMATION OF HLA TYPING (CT)

- All patients referred to HSCT and their respective
donors (related, unrelated, and umbilical cord blood)
must have HLA typing confirmed with a second
(new) sample before transplant.

- The purpose of the CT is to exclude possible errors
related to the identification of samples after collec-
tion or laboratory errors in any of the pre-analytical,
analytical, or post-analytical steps.

- It is mandatory that this verification be done be-
fore the patient starts pre-HSCT conditioning. CT can
be done in medium resolution if the previous HLA
typing was performed in high resolution.

- The transplanted patient may eventually need a
second transplant. Therefore, complete HLA geno-
typing of the patient is required to search for a new
donor as well as a cryopreserved DNA sample for fur-
ther examination.

SAMPLE COLLECTION RECOMMENDATIONS
FORHLATYPING

- Peripheral blood collected in EDTA (5 to 10 mL).

- Saliva is an alternative in leukopenic patients
post-chemotherapy,

- Patients with leukemia: if there are many immature
cells in peripheral blood, the initial or confirmatory
HLA typing should be performed on DNA isolated
from oral mucosa cells or other tissue in order to
avoid false homozygous results.

- Patients with Fanconi anemia: if the initial HLA typ-
ing is done with blood in EDTA, the confirmatory typ-
ing should be done on DNA isolated from oral muco-
sa cells, as these patients are prone to chromosomal
breakages.

- Patients with Severe Combined Immunodeficien-
cy Syndrome (SCID): collection of oral mucosa cells
with the aid of swabs should preferably be utilized
to avoid interference of possible maternal cells in the
peripheral blood of these patients.

- Patient post-allogeneic HSCT: collection of oral mu-
cosa cells with the aid of swabs.

Recommendations for related donor selection

- Request medium resolution HLA-A, -B, and -DRB1
typing of siblings, parents and/or children.

- Confirmatory Typing (CT): it is mandatory that
HLA confirmatory typing of the selected donor be
done in a second/new sample before the transplant
is performed.

- CT resolution level: request the medium resolution
typing of the pre-selected donor if the four paren-
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tal haplotypes were identified. Otherwise, request
high-resolution typing including HLA-C, -DQB1, and
-DPB1 loci.

- In the absence of a fully HLA matched sibling, re-
quest high resolution HLA typing if an HLA 11/12
related donor is selected. This kind of donor can be
found among siblings

as a consequence of crossing-over process that re-
sults in recombinant haplotypes, i.e, new allelic
combinations that differ from those in the parental
haplotypes.

- Regarding haploidentical related donors, it is es-
sential to choose a donor with one shared haplo-
type with the patient (minimum compatibility of
6/12 for HLA-A, -B, -C, -DRB1, -DQB1, and -DPB1). It is
possible to occur additional compatibility in one or
more loci of the non-shared HLA haplotype, although
there is currently no evidence of a beneficial effect of
this extra compatibility on HSCT [3, 4]. Therefore, the
selection criteria for haploidentical donors should
be based on the presence or absence of antibodies
against incompatible HLA antigens expressed by the
donor (DSA) and other non-HLA factors [5, 6]. (Level
of evidence 2b; Grade of recommendation B)

RECOMMENDATIONS FOR UNRELATED DONOR
SELECTION

- Choose preferably HLA 8/8 donors considering
HLA-A, -B, -C and -DRB1[7-9] loci to proceed to RE-
DOME phase 3, which consists of confirmatory typ-
ing (CT) of HLA-A, - B, -C, -DRB1, -DQB1, and -DPB1
genes. It is mandatory that CT be performed with a
new sample. (Level of evidence 2b; Grade of recom-
mendation B)

- Prioritize donors with permissive HLA-DPB1 mis-
matches, according to the T-Cell Epitope (TCE) al-
gorithm, when several HLA 8/8 matched donors are
available. HLA-DPB1 alleles may also be assessed by
the Expression model, which is based on the single
nucleotide polymorphism (SNP) rs9277534 in the 3’
untranslated region. In this model, the HLA-DPB1
alleles associated with rs9277534 G and A variants
are classified as high and low-expression, respective-
ly. The concomitant use of the TCE and Expression
models may optimize the selection of permissive
HLA-DPB1 mismatches. [9-11]. (Level of evidence 2b;
Grade of recommendation B)

- Prioritize HLA-DQB1 and -DRB3, -DRB4, -DRB5
matched donors (12, 13) when several HLA 8/8 com-
patible donors are available. (Level of evidence 2b;
Grade of recommendation B)

- When 8/8 (HLA-A, -B, -C, -DRB1) allele compatible
donors are not available, then HLA 7/8 donors with
the permissible HLA-C*03:03 vs. C*03:04 incompat-
ibility should be prioritized [14]. (Level of evidence
2b; Grade of recommendation B)

- In the HSCT for malignant diseases setting, when
HLA 8/8 (HLA-A, -B, -C, -DRBT1) allele compatible do-
nors are not available, choose preferably HLA 7/8
donors whose incompatibility vector is the Host ver-
sus Graft (HvG) instead of bidirectional or Graft ver-
sus Host (GvH) [15, 16]. When it comes to non-malig-
nant diseases, there is evidence that unidirectional
incompatibilities in the HvG vector can increase the
risk of rejection, and as precaution, they should be
avoided [17]. (Level of evidence 2b; Grade of recom-
mendation B)

- The presence of HLA mismatches also adversely
affect the outcomes of unrelated donor HSCT for
non-malignant diseases. In a previous CIBMTR
study, HLA mismatches were associated with in-
creased risks of graft failure [17]. (Level of evidence
2b; Grade of recommendation B)

- In the selection of umbilical cord blood, it is rec-
ommended that a segment of the cord blood bag
be utilized for HLA-A, -B, -C, -DRB1, -DQB1 and -DPB1
high resolution typing. It is suggested that the allel-
ic compatibility be at least 5/8, considering HLA-A,
-B, -C and -DRB1 loci [18, 19]. (Level of evidence 2b;
Grade of recommendation B)

ANTI-HLA ANTIBODIES: IDENTIFICATION AND
DSA ASSESSMENT

- In selecting alternative donors, the search for an-
ti-HLA antibodies and the analysis to identify do-
nor-specific antibodies (DSA) is recommended
to minimize the risk of graft failure [20-25], except
when a donor is HLA genotypically identical includ-
ing HLA-DPB1 locus (HLA 12/12). (Level of evidence
2b; Grade of recommendation B)

- The test is performed by solid-phase assays on the
Luminex platform, using panels of HLA isolated anti-
gens (Single Antigen Beads - SAB). Itis recommended
the utilization of complementary technical resourc-
es for accurate designation of DSA whenever SAB
results leave doubts about the veracity of positive
or negative reactions. These resources may include
CDC cross-match, flow cytometric cross-match, HLA
phenotype panel, and others. The integration of the
results revealed by SAB and by complementary tests,
in addition to the information on patient’s sensitiz-
ing events, is essential for greater precision in the es-
timation of post-transplant immunological risk.
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- In general, the probability of graft failure increases
as the strength (MFI) of the DSA do so. In addition,
some studies have shown that DSAs with MFI > 5000
are associated with an increased risk of rejection [25,
26]; therefore, they should be avoided. In the ab-
sence of a donor without DSA, it is recommended to
carry out a desensitization protocol and respective
monitoring. (Level of evidence 2b; Grade of recom-
mendation C)

TECHNICAL RECOMMENDATIONS FOR THE
IDENTIFICATION OF ANTI-HLA ANTIBODIES

- Sample Collection: the test for anti-HLA antibody
identification is performed with the recipient's se-
rum. The peripheral blood sample from the recipient
should be collected in a dry tube or a gel serum sep-
arator tube followed by centrifugation to separate
the serum.

- Transport: whenever possible separate the serum
before shipment and transport preferably at a tem-
perature between 2° and 8°C (artificial ice). If this is
not possible, ship the whole blood sample at room
temperature (avoid extreme temperatures) to the
laboratory where the serum will be separated. The
serum sample should preferably be kept in a -70°C
freezer until the time of testing.

- ldentification of anti-HLA antibodies: each clin-
ical laboratory should choose the solid phase assays
for detection (screening) and characterization (SAB
=isolated HLA molecules) of anti-HLA antibodies. All
of the selected tests must be validated before their
utilization in the clinical routine.

- Complementation of HLA typing for DSA analy-
sis: receptor and donor HLA-A, -B, -C, -DRBT1, -DQB1
and -DPB1 matched, may or may not be identical at
HLA-DRB3, -DRB4, -DRB5, -DQA1 and -DPA1. Thus,
when patient has antibodies specific to allelic prod-
ucts of these genes, it is necessary to type them in
the donor. It is also suggested to type the recipient
for HLA-DRB3, -DRB4, -DRB5, -DQA1, and -DPAT1 loci
because the knowledge of self HLA can contribute to
the interpretation of SAB test results.

- Frequency of testing: the identification of anti-HLA
antibodies should be done when the patient starts
the donor search process and reassessed with his re-
cent serum after his donor has been selected, even
in the absence of DSA in the initial test. This is due
to the fact that the patient's immunological profile is
dynamic and can be altered by several factors, being
the transfusion of blood components one of the main
factors. In addition, inflammatory processes resulting
from infections or tissue damage can induce reactiva-

tion of memory B cells resulting in the production of
DSAs regardless of re-exposure to alloantigen.

- Desensitization and post-transplant monitoring:
when the patient is submitted to a desensitization
protocol to remove DSA against the alternative donor
(haploidentical, unrelated, umbilical cord blood or
related with HLA incompatibility), it is recommended
that the effectiveness of the procedure be monitored
by determining the DSA strength after each of the
steps [27-29]. In some cases, it is necessary to monitor
DSA post-HSCT because a rebound effect may occur
after the infusion of the allograft, and therapeutic in-
tervention can be done in a timely manner to avoid
graft failure [27]. The frequency of sample collection
for post-desensitization and post-transplant monitor-
ing should be customized for each patient according
to the understanding between the transplant physi-
cian and the HLA Laboratory. (Level of evicence 2b;
Grade of recommendation C)

CHIMERISM TESTING FOR POST-
HEMATOPOIETIC STEM CELL
TRANSPLANTATION MONITORING

- The evolution of HSCT is assessed by hematolog-
ical recovery and chimerism analysis, as these pa-
rameters provide information on the hematopoietic
reconstitution of the patients, which can be autol-
ogous, allogeneic, or chimeric. Chimerism testing
must be performed because it is essential to assess
engraftment, to diagnose graft rejection, graft dys-
function, and disease relapse [30-35]. (Level of evi-
dence 2b; Grade of recommendation B)

- The post-HSCT chimerism monitoring has been as-
sessed by the analysis of genetic markers distributed
throughout the human genome that have variable
numbers of tandem repeats (STRs).

- The identification of these markers must be done
on the pre-transplant peripheral blood sample of
the patient, and on a peripheral blood sample of
the donor in order to define their respective genetic
profiles based on the utilized STRs. Chimerism test-
ing can be performed on total nucleated cells, but
the test sensitivity can be increased by analyzing cell
subpopulations in blood or bone marrow samples in
the post-transplant.

TECHNICAL RECOMMENDATIONS FOR
CHIMERISM TESTING COLLECTION

samples should preferably be collected in EDTA. The
determination of the post-transplant chimerism lev-
el requires the identification of STR markers in the
following samples:
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- Pre-transplant peripheral blood of the patient
to define his/her pattern of allelic variants in the

STR loci;

- Peripheral blood of the donor to define his/her

pattern of allelic variants in the STR loci;

- Post-transplant peripheral blood or bone mar-
row of the patient to define if the alleles identified
in the STR loci are only those of the patient or both

patient and donor or only donor’s.
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