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Histocompatibility Testing
and Organ Sharing

Histocompatibility and its current application in kidney trans-
plantation are discussed. Both theoretic and clinical aspects of
human leukocyte antigen testing are described, including anti-

gen typing, antibody detection, and lymphocyte crossmatching. Living
related, living unrelated, and cadaveric donor-recipient matching algo-
rithms are discussed with regard to mandatory organ sharing and
graft outcomes.

Lauralynn K. Lebeck 
Marvin R. Garovoy
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FIGURE 8-1

The major histocompatibility complex (MHC) is a group of closely
linked genes that was first appreciated because it was found to 
contain the structural genes for transplantation antigens. A, The
MHC, located on the short arm of chromosome 6, is now recog-
nized to include many other genes important in the regulation of
immune responses. B, Regions of the MHC classes I, II, and III.
The MHC can be divided into three regions, of which the class I
and II regions contain the loci for the human histocompatibility
antigen or human leukocyte antigen (HLA). Genes in the class I
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FIGURE 8-2

Nomenclature of human leukocyte antigen (HLA) specificities. HLA
nomenclature may be confusing to the newcomer, but the format is
logical. The prefix HLA precedes all antigens or alleles to define
the major histocompatibility complex (MHC) of the species. The
designation, A, B, C, DR, and so on, is next and defines the locus.
The locus is followed by a number that denotes the serologically
defined antigen or a number with an asterisk that denotes the 
molecularly defined allele. In some cases the letter w is placed
before the serologic antigen, indicating it is a workshop designation
and the specific assignment is provisional.

region encode the a or heavy chain of the class I antigens, HLA-A,
B, and C. The class I region is composed of other genes, most of
which are pseudogenes and are not expressed. The MHC class II
region is more complex, with structural genes for both the a and 
b chains of the class II molecules. The class II region includes four
DP genes, one DN gene, one DO gene, five DQ genes, and a vary-
ing number of DR genes (two to 10), depending on the halotype.
Many other immune response genes are coded within the class III
region. TNF—tumor necrosis factor.



8.3Histocompatibility Testing and Organ Sharing

PRETRANSPLANTATION
TESTING FOR RENAL PATIENTS
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FIGURE 8-3

In an immunogenetics and transplantation laboratory, three major types of renal pretrans-
plantation testing are performed routinely. The human leukocyte antigen (HLA) assignments
are assigned by serologic methods (ie, complement-dependent cytotoxicity); however, molec-
ular-based methodologies are becoming widely accepted. Most laboratories now have the
capability of reporting at least low-resolution molecular class II types.

The sera of patients awaiting cadaveric donor kidney transplantation are tested for the
degree of alloimmunization by determining the percentage of panel reactive antibodies
(PRAs). Current federal regulations require that the serum screening test use lymphocytes
as targets; however, because these same regulations no longer mandate monthly screening,
assays using soluble antigens may be used as adjuncts to the classic lymphocytotoxic assays.

The purpose of cross-match testing is to detect the presence of antibodies in the patients’
serum that are directed against the HLA antigens of the potential donor. When present,
the antibodies indicate that the immune system of the recipient has been sensitized to the
donor antigens. The various test methods differ in sensitivity, including the multiple variations
of the lymphocytotoxicity text, flow cytometry, and enzyme-linked immunosorbent assay
(ELISA). The degree of acceptable risk is one factor to be considered in selecting a method
of appropriate sensitivity. For example, when the only risk considered unacceptable is that
of hyperacute rejection, a technique having lower sensitivity is adequate. A second approach
may be to consider the degree to which an individual patient or type of patient is at risk
for graft rejection. The patient having a repeat graft is at higher risk for graft rejection
than is the patient receiving a primary graft. Because patients differ in their degree of risk,
it is appropriate to use different techniques to offset that risk. 

MHC I AND II CHARACTERISTICS
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FIGURE 8-4

Human leukocyte antigens (HLAs) are heterodimeric cell-surface
glycoproteins. HLAs are divided into two classes, according to
their biochemical structure and respective functions. Class I antigens
(A, B, and C) have a molecular weight of approximately 56,000 D
and consist of two chains: a glycoprotein heavy chain (a) and a
light chain (b2-microglobulin). The a chain is attached to the cell
membrane, whereas b2-microglobulin is associated with the a
chain but is not covalently bonded. The HLA class I molecules are
found on almost all cells; however, only vestigial amounts remain
on mature erythrocytes. Class II antigens (HLA-DR, DQ, and DP)
have a molecular weight of approximately 63,000 D and consist of
two dissimilar glycoprotein chains, designated a and b, both of
which are attached to the membrane. Each chain consists of two
extramembranous amino acid domains, and the outer domains of
each molecule contain the variable regions corresponding to class II
alleles. Although class I antigens are expressed on all nucleated cells
of the body, the expression of class II antigens is more restricted. Class
II antigens are found on B lymphocytes, activated T lymphocytes,
monocyte-macrophages, dendritic cells, and early hematopoietic
cells, and of importance in transplantation, endothelial cells. 
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Biology of the major histocompatibility complex (MHC). A, The
biologic function of MHC antigens is to present antigenic peptides
to T lymphocytes. In fact, it is an absolute requirement of T-lym-
phocyte activation for the T cells to “see” the antigenic peptide
bound to an MHC molecule. This MHC restriction has been
defined on a molecular basis with the elucidation of the crystalline
structures of classes I and II MHC molecules. B, The N-terminal
domains of the MHC molecules are formed by the folding of por-
tions of their component chains in b-pleated sheets and a helices.
C, The sheet portions form a floor, and the helices form the sides
of a peptide-binding groove.
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FIGURE 8-6

The structure of class I and II molecules.
Comparison of the crystalline structures of
classes I and II molecules has revealed overall
structural similarity, with a few significant
differences. A, Class I molecules have a
groove with deep anchor pockets at each
end (a “pita pocket”). These pockets restrict
the binding of peptides to those of eight to
nine amino acid residues in length. B, The
peptide-binding groove of class II molecules
is more flexible and relatively open at one
end, more like a “hotdog bun,” permitting
larger peptides from 13 to 25 amino acid
residues in length to bind. 
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FIGURE 8-7

Allelic polymorphism. Allelic polymorphism
is a hallmark of the human leukocyte antigen
(HLA) system. The extreme polymorphism of
the HLA system is seen in the large numbers
of different alleles that exist for the multiple
major histocompatibility complex (MHC)
loci. At any given locus, one of several
alternative forms or alleles of a gene can
exist. Because so many alleles are possible
for each HLA locus, the system is extremely
polymorphic. The currently accepted World
Health Organization serologically defined
alleles are shown here. Established HLA
antigens are designated by a number following
the letter that denotes the HLA locus (eg,
HLA-A1 and HLA-B8). For example, by
serologic techniques, 28 distinct antigens
are recognized at the HLA-A locus, and 
59 defined antigens at the HLA-B locus.
Sequencing studies of the HLA-DRB1 gene
have identified over 100 distinct alleles, and
preliminary analysis indicates that this level
of polymorphism will be as high for other
loci such as HLA-B. MHC polymorphism
ensures effective antigen presentation of
most pathogens; however, clinically, MHC
polymorphism complicates attempts to find
histocompatible donors for solid organ
transplantation.
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FIGURE 8-8

Genetic principles of the major histocompatibility complex (MHC).
The MHC demonstrates a number of genetic principles. Each person
has two chromosomes and thus two MHC haplotypes, each inherited
from one parent. Because the human leukocyte antigen (HLA) genes
are autosomal and codominant, the phenotype represents the 
combined expression of both haplotypes. Each child receives one
chromosome and hence one haplotype from each parent. Because
each parent has two different number 6 chromosomes, four different
combinations of haplotypes are possible in the offspring. This
inheritance pattern is an important factor in finding compatible
related donors for transplantation. Thus, an individual has a 25%
chance of having an HLA-identical or a completely dissimilar sibling
and a 50% chance of having a sibling matched for one haplotype.
The genes of the HLA region occasionally (≈ 1%) demonstrate
chromosomal crossover. These recombinations are then transmitted
as new haplotypes to the offspring.

FIGURE 8-9

Complement-dependent technique. The standard technique used to
detect human leukocyte antigen (HLA)-A, -B, -C, -DR, and -DQ anti-
gens has been the microlymphocytotoxicity test. This assay is a com-
plement-dependent cytotoxicity (CDC) in which lymphocytes are used
as targets because the HLA antigens are expressed to varying degrees
on lymphocytes and a relatively pure suspension of cells can be
obtained from anticoagulated peripheral blood. Lymphocytes obtained
from lymph nodes or the spleen also may be used. HLA antisera of
known specificity are placed in wells on a “Terasaki microdroplet
tray.” A concentrated suspension of lymphocytes is added to each
well. If the target lymphocytes possess the antigen corresponding to
the antibody present in the antiserum, the antibody will affix to the
cells. Rabbit complement is then added to the wells and, when suffi-
cient antibody is bound to the lymphocyte membranes, complement is
activated. Complement activation injures the cell membranes (lympho-
cytotoxicity) and increases their permeability. Cell injury is detected by
dye exclusion: cells with intact membranes (negative reactions)
exclude vital dyes; cells with permeable membranes (positive reac-
tions) take up the dye. Sensitivity of the CDC assay is increased by
wash techniques or the use of AHG reagents prior to the addition of
complement. Because HLA-DR and -DQ antigens are expressed on 
B cells and not on resting T cells, typing for these antigens usually
requires that the initial lymphocyte preparation be manipulated before
testing to yield an enriched B-cell preparation. AHG—antiglobulin-
augmented lymphocytotoxicity; RT—room temperature.
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FIGURE 8-10

Scoring of complement-dependent cytotoxicity. In an effort to 
standardize interpretation of complement-dependent cytotoxicity
(CDC) reactions, a uniform set of scoring criteria have been estab-
lished. When most of the cells are alive, visually refractile on
microscopic examination, a score of 1 is assigned. Conversely,
when most of the cells are dead, a score of 8 is assigned. This
method of interpretation for CDC reactions is universally used in
cross-match testing, antibody screening, and antigen phenotyping
for serologically defined HLA-A, -B, -C, -DR, and -DQ. (Adapted
from Gebel and Lebeck [1]; with permission.)
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The United Network for Organ Sharing (UNOS) regions. UNOS is
a not-for-profit corporation within the United States organized
exclusively for charitable, educational, and scientific purposes
related to organ procurement and transplantation. Its formation
established a national Organ Procurement and Transplantation
Network with the mandate to improve the effectiveness of the
nation’s renal and extrarenal organ procurement, distribution, and
transplantation systems by increasing the availability of and access
to donor organs for patients with end-stage organ failure. Additionally,
the UNOS maintains quality assurance activities and systematically
gathers and analyzes data and regularly publishes the results of the
national experience in organ procurement and preservation, tissue
typing, and clinical organ transplantation. Functionally, the United
States is divided into UNOS regions as detailed on this map.
Additional geographic divisions (ie, local designation) defined by
the individual organ procurement organizations and the transplan-
tation centers they service comprise the working system for cadav-
eric renal allocation.

UNITED NETWORK FOR ORGAN SHARING: NUMBER OF PATIENT REGISTRATIONS 
ON THE NATIONAL TRANSPLANT WAITING LIST AS OF OCTOBER 31, 1997

Kidney number
by blood type (%)

Type O: 19,654(52.04)

Type A: 10,612(28.10)

Type B: 6579(17.42)

Type AB: 923(2.44)

Total: 37,768

Kidney number
by race (%)

White: 18,353(48.59)

Black: 13,290(35.19)

Hispanic: 3441(9.11)

Asian: 2200(5.83)

Other: 484(1.28)

Total: 37,768

Kidney number
by gender (%)

Female: 16,269(43.08)

Male: 21,499(56.92)

Total: 37,768

Kidney number by 
transplantation center region (%)

Region 1: 1738(4.60)

Region 2: 6060(16.05)

Region 3: 3844(10.18)

Region 4: 2191(5.80)

Region 5: 7361(19.49)

Region 6: 855(2.26)

Region 7: 3826(10.13)

Region 8: 1559(4.13)

Region 9: 3936(10.42)

Region 10: 3121(8.26)

Region 11: 3277(8.68)

Total: 37,768

Kidney number 
by age (%)

0–5: 76(0.20)

6–10: 119(0.32)

11–17: 429(1.14)

18–49: 21,102(55.87)

50–64: 12,942(34.27)

65+: 3100(8.21)

Tota: 37,768

FIGURE 8-12

The United Network for Organ Sharing (UNOS) patient waiting
list. The UNOS patient waiting list is a computerized list of
patients waiting to be matched with specific donor organs in the
hope of receiving a transplantation. Patients on the waiting list
are registered on the UNOS computer by UNOS member trans-
plantation centers, programs, or organ procurement organiza-
tions. The UNOS Match System is an algorithm used to prioritize

patients waiting for organs. The system eliminates potential 
recipients whose size or ABO type is incompatible with that 
of a donor and then ranks those remaining potential recipients
according to a UNOS board-approved system. As indicated 
here, nearly 40,000 patients are awaiting kidney transplantation
in the United States. (Adapted from the United Network for
Organ Sharing [2]).
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FIGURE 8-13

Point system for kidney allocation. Kidneys
that cannot be allocated to a human leuko-
cyte antigen (HLA)–matched patient are
distributed locally to candidates who are
ranked according to waiting time, with
additional points for degrees of HLA mis-
match and antibody sensitization. Pediatric
patients, medically urgent cases, and previous
donors (living related donors, and so on)
also are given a point advantage. 

POINT SYSTEM FOR KIDNEY ALLOCATION

Time of waiting

The “time of waiting” begins when a patient is listed and meets the minimum established criteria on the United
Network for Organ Sharing Patient Waiting List. One point will be assigned to the patient waiting for the longest
period, with fractions of points being assigned proportionately to all other patients according to their relative
time of waiting. 

Quality of HLA mismatch

10 points if there are no A, B, or DR mismatches.

7 points if there are no B or DR mismatches.

5 points if there is one B or DR mismatch.

2 points if there is a total of two mismatches at the B and DR loci.

Panel reactive antibody

Patients will be assigned 4 points if they have a panel reactive antibody level of 80% or more.

Medical urgency

No points will be assigned to patients based on medical urgency for regional or national allocation of kidneys.
Locally, the patient’s physician has the authority to use medical judgment in assignment of points for medical
urgency. When there is more than one local renal transplantation center, a cooperative medical decision is
required before assignment of points for medical urgency. 

Pediatric kidney transplantation candidates

4 points if the patient is under 11 years of age.

3 points if the patient is over 11 and under 18 years of age.

CROSSMATCH METHODS

Lymphocytotoxicity:

Auto–crossmatch vs allo–crossmatch

T or B cell

Short/long/wash/AHG methods

IgG vs IgM

Flow cytometry

Enzyme-linked immunosorbent assay

FIGURE 8-14

Crossmatch methods. Early reports correlating a positive crossmatch between recipient
serum and donor lymphocytes with hyperacute rejection of transplanted kidneys led to
establishing tests of recipient sera as the standard of practice in transplantation. However,
controversy remains regarding 1) the level of sensitivity needed for crossmatch testing; 
2) the relevance of B-cell crossmatches, a surrogate for class II incompatibilities; 3) the 
relevance of immunoglobulin class and subclass of donor-reactive antibodies; 4) the significance
of historical antibodies, ie, antibodies present previously but not at the time of transplantation;
5) the techniques and type of analyses to be performed for serum screening; and 6) the
appropriate frequency and timing of serum screening. Despite a number of variables, when
the data from reported studies are considered collectively, several observations can be
made. Human leukocyte antigen–donor-specific antibodies present in the recipient at the
time of transplantation are a serious risk factor that significantly diminishes graft function
and graft survival. Antibodies specific for human leukocyte antigen class II antigens (HLA-DR
and -DQ) are as detrimental as are those specific for class I antigens (HLA-A, -B, and -C). The
degree of risk resulting from HLA-specific antibodies varies among immunoglobulin classes,
with immunoglobulin G antibodies representing the most serious risk. AHG—antiglobulin-
augmented lymphocytotoxicity.
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FIGURE 8-15
Techniques of crossmatch testing. Early crossmatch testing provided a means to prevent
most but not all hyperacute rejections. These early tests were performed with a technique
of rather low sensitivity. Subsequently, more sensitive techniques were employed in an
attempt to not only prevent all hyperacute rejections but also improve graft survival
rates. Techniques that have been used include variations of the lymphocytotoxicity test
that incorporate wash steps, change in incubation times or temperatures, or both, or add
an antiglobulin reagent. Flow cytometry and an array of other methods such as antibody-

ALTERNATIVE APPROACHES TO HLA MATCHING

CREG*

1C
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6C

Associated human leukocyte
antigen gene products

A1,3,9,10,11,28,29,30,31,32,33

A2,9,28, B17

B5,15,17,18,35,53,70,49

B7,13,22,2740,41,47,48

B8,14,16,18

B12,13,21,40,41
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Bw6, Cw1,3,7
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80
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C refers to major public epitope or cross-reactive groups (CREG).

FIGURE 8-16
Alternative approaches to human leukocyte antigen (HLA) matching.
Because completely mismatched kidney transplantations function 
well over long periods, an alternative approach might begin with the
hypothesis that six-antigen “mismatched” transplantations were not
completely mismatched. Interest in reevaluating the potential roles 
of cross-reactive groups (CREGs) in transplantation is one such
approach. In the early days of serologic HLA testing, a high panel
reactive antibody sera was considered to be composed of many anti-
HLA antibodies. It was later noted, however, that sera of highly sensi-
tized patients awaiting solid organ transplantation were generally com-
posed of a small number of antibodies directed at public antigens, also
called CREGs, rather than multiple antibodies, each reacting with a
specific conventional HLA antigen. Furthermore, the frequency of the
CREGs was much higher, eg, 35% to 88%, than that of even the most
common HLA-A and -B antigens. By inference, therefore, matching for
donor and recipient antigens included in the same CREG, ie, CREG
matching, could result in a higher number of matched transplantations
and a lower level of sensitization in patients having repeat grafts. In
addition, because of the inclusion of several private HLA-A and -B
antigens within a single CREG, a number of relatively rare antigens
can be matched more easily, offering the possibility of improved graft
survival for a greater number of both white and nonwhite patients.
(Adapted from Thelan and Rodey [4]; with permission.)

dependent cellular cytotoxicity also have
been tried. Two of the most sensitive tech-
niques are the antiglobulin-augmented lym-
phocytotoxicity (AHG) and flow cytomet-
ric crossmatching. A, The use of flow
cytometry to define the lymphocyte popu-
lation by light scatter parameters, followed
by a specific marker for T lymphocytes, 
ie, CD3 (B) allows this technique to be
highly specific for human leukocyte antigen
(HLA) class I–positive cells. The donor
lymphocytes have been preincubated with
recipient serum, washed, and subsequently
stained with AHG-Fluorescsin isothio-
cyanate (FITC), a fluorochrome-labeled
antihuman globulin. C, Results of flow
cytometric cross-matching are evaluated as
shifts in the fluorescence from negative sera
and are interpreted as positive or negative
based on independently defined cutoffs
above the negative. D, Multiple studies in
renal transplantation have shown correla-
tions between positive AHG or flow cyto-
metric cross-matches and decreased graft
survival at 1 year or more. The largest 
differences are seen when patients are
grouped as primary grafts versus repeat
grafts. In some instances the effect of using
a more sensitive cross-match technique
only can be seen in patients having repeat
grafts or those with a higher immunologic
risk. CD3 PE—monoclonal antibody to
CD3 fluorescent labelled with phycoery-
thrin; FC—constant fragment of IgG mole-
cule; FITC—fluorescent labelled with fluo-
rescein isothiocynate; FSC—forward scat-
ter; R1—region 1; R2—region 2; SSC—side
scatter. (Panel D adapted from Cook [3];
with permission.)
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FIGURE 8-17

The role of human leukocyte antigen (HLA) matching in the United
States in whites (A) and blacks (B). Recent large registry analyses
of the role for HLA matching in renal transplantation consistently
have shown a stepwise decrease in long-term graft survival rates
with increasing antigen mismatches. Based on these results the United
Network of Organ Sharing (UNOS) incorporated the level of HLA
match into its algorithm used nationally for kidney allocation. The
UNOS initially determined that transplantations for which all six
HLA-A, -B, and -DR antigens matched in the donor and recipient
should be performed. Each cadaveric donor type was compared by a
computer search with the HLA types of all patients awaiting kidney
transplantation. When a patient with six antigen matches was

identified in an ABO-compatible recipient, the kidney was offered
for that patient, and if accepted by the transplantation center, was
shipped for transplantation. (Normally, kidneys from a patient
with blood type O are allocated only to patients with type O blood,
except in the case of patients with six antigen matches.) The UNOS
policy regarding mandatory sharing of HLA-matched kidneys has
been liberalized twice. The first time was in 1990 to include pheno-
typically matched pairs with fewer than six antigens. The policy
was changed for a second time in 1995 to include zero-mismatched
pairs in which the donor could have fewer antigens than the recipient,
provided none were mismatched. (Adapted from Cecka [5]; with
permission.)

HLA-DR13

HLA-DR14

*1301–*1312  *1314–*1330

*1401, *1402, *1405–*1429

HLA-DR6

DR1403
DR1404

Serology
(antibody defined)

Molecular
(Low        Intermediate        High resolution)

versus

FIGURE 8-18

Serologic testing and antigen assignment. Most of the published
transplantation outcome data is based on serologic testing and
assignment of antigens. These data include algorithm matching
based on “broad” human leukocyte antigen (HLA) specificities
such as HLA-DR6 that includes HLA-DR13 and HLA-DR14 and
their many alleles. The question has now become one of what level
of HLA testing is useful clinically for matching purposes in renal
transplantation. Although this issue has not been resolved, recent
data published from the European Registry upholds the positive
effect that “correct” HLA matching has had on renal graft outcome.
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FIGURE 8-19

Classes II and I mismatches in supposed 0 mm shared renal transplantations. The effect on
graft survival of shared human leukocyte antigen (HLA) 0mm organs when defined by sero-
logic typing and then confirmed by molecular typing. A strong effect of HLA matching is
seen at even 1 year on the graft survival. A, Eighty-six first cadaveric kidney transplantations
that were reported by serologic typing as HLA-A, -B, -DR “identical-compatible” were tested
by molecular methods. Sixty-four transplantations were confirmed to be HLA-DR compati-
ble; however, mismatches were found in the remaining 22 transplantations. Transplantations
in which HLA compatibility was confirmed had a functional success rate of 90% at 1 year
compared with 68% for transplantations in which the DNA typing revealed HLA-DR mis-
matches (P < 0.02). B, An analysis of the influence of HLA-class I DNA typing on kidney
graft survival is shown. A total of 183 cadaveric transplantations were confirmed to be
HLA-A and B compatible after DNA typing, whereas mismatches were found in the remain-
ing 32 cases. Transplantations in which compatibility was confirmed had a functional success
rate of 86.9% at 1 year compared with a 71.9% rate for those in which DNA typing
revealed HLA-A or -B mismatches (P = 0.033.) (Panel A adapted from Opelz and coworkers
[6]; panel B adapted from Mytilineous and coworkers [7]; with permission.)
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Living donor kidney transplantation graft survival rates (A) and
donor sources (B). The high graft survival rates reported for 
recipients of living donor kidneys improved from 89% in 1988 
to 93% in 1991 (P < 0.001), even though a substantial increase
has occurred in both the number of living donors and centers
performing these transplantations. Some of the increase in living
donations has been due to a growing acceptance of so-called

unconventional donors, ie, spouses and other genetically 
unrelated donors, as well as distant relatives and half-siblings. 
In 1988–1989, unrelated donors accounted for 4% of living
donor transplantations and distant relatives for 2%. These 
numbers have tripled and are now at 12% and 6%, respectively.
(Panel A from Cecka [8]; panel B adapted from the United
Network for Organ Sharing [9]; with permission.)
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