Appendix A
FDA Systematic Literature Review: HLA Devices
Table of Contents
Appendix A ........................................................................................................................ 1
1. Methods .......................................................................................................................... 3
1.1. Literature search for analytical performance of HLA devices and their use to aid donor recipient
matching ..................................................................................................................................................... 3
1.2. Literature search for the use of HLA-B27 results to aid disease diagnosis in AS ............................... 4

2. Results ............................................................................................................................ 5
3. Analytical Performance of FDA-cleared HLA Devices ............................................. 5
3.1. HLA typing devices ............................................................................................................................. 5
3.2. HLA antibody detection devices ......................................................................................................... 7
3.2.1. Luminex®-based assays ................................................................................................................ 7
3.2.2. FlowPRA assay ............................................................................................................................ 9
3.2.3. ELISA assays................................................................................................................................ 9

4. Clinical Uses of HLA Testing Results to Aid Donor and Recipient Matching in
Transplantation or Transfusion .................................................................................... 10
4.1. Clinical uses of HLA typing results for donor and recipient matching ..............................................11
4.1.1. Kidney transplantation .................................................................................................................11
4.1.2. Non-renal solid organ transplantation..........................................................................................11
4.1.3. Hematopoietic stem cell transplantation (HSCT) ........................................................................12
4.1.4. Transfusion ..................................................................................................................................13
4.2. Clinical uses of HLA antibody detection results for donor recipient matching ..................................13
4.2.1. Kidney transplantation .................................................................................................................13
4.2.2. Heart transplantation....................................................................................................................14
4.2.3. Liver transplantation ....................................................................................................................15
4.2.4. Lung transplantation ....................................................................................................................15
4.2.5. Intestinal transplantation..............................................................................................................16
4.2.6. Hematopoietic stem cell transplantation (HSCT) ........................................................................16
4.2.7. Pancreas Transplantation .............................................................................................................16
4.2.8. Transfusion ..................................................................................................................................16
4.3. Challenges related to the clinical use of HLA antibody detection devices .........................................18

5. HLA-B27 Testing Used to Aid Ankylosing Spondylitis Diagnosis ......................... 19
5.1. Association of HLA-B27 with AS ......................................................................................................19
5.2. HLA-B27 prevalence in AS patients from different populations .......................................................19
5.3. HLA-B27 subtypes/alleles and AS .....................................................................................................21
5.4. HLA-B27 and AS characteristics .......................................................................................................21
5.5. HLA-B27 and patient classification criteria/referral strategies ..........................................................22
5.6. HLA-B27 and diagnosis delay............................................................................................................24

6. Overall Literature Review Conclusions .................................................................... 24
6.1. Analytical performance of the HLA typing and HLA antibody detection devices .............................24
6.2. Clinical use of HLA devices in transfusion, transplantation and disease diagnosis ...........................24

Page 1 of 40

6.3. Risks associated with HLA devices ....................................................................................................25
6.4. Discussions of Strengths and Limitations ...........................................................................................25
6.5. Conclusions ........................................................................................................................................25

Figure 1: Workflow of article selection described in Section 1.1 ............................... 26
Figure 2: Workflow of article selection described in Section 1.2. .............................. 27
Literature Review Reference List.................................................................................. 28

Page 2 of 40

1. Methods
FDA conducted a systematic literature review to assess the safety and effectiveness of
FDA cleared HLA devices. The safety and effectiveness of HLA devices relates to the
accuracy of HLA test results used to aid donor and recipient matching and disease
diagnosis. Articles examining HLA device analytical performance are included in this
review, as analytical performance directly correlates to the safe and effective use of the
HLA device.
We recognize that in addition to HLA, other factors could impact on clinical outcome in
the transfusion or transplant setting. Therefore, our literature review for the clinical uses
of HLA test results for transfusion or transplantation focused only on studies that
provided direct information about HLA matching (considered HLA type, anti-HLA
antibodies or both) and clinical outcome.
.Across the entire genome, HLA is recognized as the most important region in relation to
disease susceptibility. Many diseases have now been reported to occur more frequently in
individuals with particular HLA types. HLA testing can be useful in narrowing diagnostic
possibilities and directing future evaluation. For example, the association of HLA-B27
with Ankylosing Spondylitis (AS) was first described in 1973, and remains one of the
strongest genetic associations with a common human disease. Therefore, we searched the
literature for HLA-B27 and AS, and used the association as an example of the use of
HLA testing as an aid for disease diagnosis.
We sought to address the following questions through systematic literature review:
•
•
•

What is the reported analytical performance of the HLA typing and HLA antibody
detection devices?
How are the HLA test results used to aid donor and recipient matching in
transfusion or transplantation, or to aid disease diagnosis?
What are the risks associated with HLA devices?

1.1. Literature search for analytical performance of HLA devices and their use
to aid donor recipient matching
We searched electronic databases PubMed and EMBASE using the following string
of keywords for all available articles published before May 1, 2017:
(HLA typing OR HLA antibody detection) AND (“test” OR “assay” OR
“method”) AND (transfusion OR transplantation) AND (risk OR safety OR
effectiveness OR “survival” OR adverse OR “false negative” OR “false positive”
OR incorrect OR mistyped OR invalid OR defect OR accurate OR agreement OR
concordance OR discordant OR “correlated” OR pitfalls OR “consistency” OR
“consistent” OR ambiguity OR ambiguous OR error OR misassignments OR
(clinical outcome) OR TRALI OR GVHD)
The initial search yielded more than 5,000 results. Currently, the most commonly
used HLA devices are the solid phase antibody detection kits (ELISA or bead based)
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and DNA-based molecular typing kits. The first solid phase HLA antibody detection
kit (ELISA-based) was cleared by FDA in 1994, and the first DNA-based HLA
typing kit was cleared in 1995. Therefore, we limited our literature search to full text
articles published since 1994. After applying these criteria, we generated 1,525
publications excluding duplicates from the two databases.
Titles and abstracts were reviewed to exclude studies not related to the analytical
performance or the clinical uses of the HLA assays. We focused on articles that
evaluated FDA-cleared HLA devices, and conducted in either the US or in other
countries. Most articles do not refer to HLA devices as “FDA-cleared”. To determine
whether a study used FDA-cleared assay(s), we compared HLA assays’ names, type
and manufacturer information provided in each paper with our database of FDAcleared HLA devices. Some studies regarding HLA typing were excluded as they did
not indicate the use of an FDA-cleared test (Figure 1). Quantitative HLA antibody
detection assays, which are not cleared by FDA, or HLA assays used for posttransplant monitoring, were excluded.
We considered our proposed Intended Use of the HLA devices in determining
whether to include or exclude an article:
• HLA typing device: To be used to determine (indicate HLA locus, loci or
antigens) to aid donor and recipient matching in transfusion or transplantation.
• HLA antibody detection device: To be used to detect antibodies to (list of HLA
antigens) to aid donor and recipient matching in transfusion or transplantation.
A total of 986 articles were excluded during the initial screening for the following
reasons:
• Animal study
• Not in English
• Not specific to an FDA-cleared HLA device
• Inadequate analytical performance or clinical use information
• Clinical uses of the HLA device not related to donor and recipient matching in
transfusion or transplantation
After reviewing the titles and abstracts, full-texts of the remaining 539 articles were
further examined for eligibility. A total of 402 articles were excluded during the full
text review using the same criteria listed above.
A total of 137 articles were included for systematic review. Additional information
regarding the methodology for inclusion and exclusion criteria are in Figure 1.
1.2. Literature search for the use of HLA-B27 results to aid disease diagnosis in
AS
We searched the electronic databases PubMed and EMBASE using the following
terms on May 1, 2017 for all available full text articles published in the previous six
and half years:
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HLA-B27 AND ankylosing spondylitis
The search yielded 786 publications excluding duplicates between the two databases.
Titles and abstracts were reviewed to exclude studies for the following reasons:
• Animal or in vitro study not related to AS diagnosis
• Not in English
• No clinical uses information of HLA-B27 in AS
• The clinical use of HLA-B27 not related to “aid disease diagnosis in AS”
A total of 516 articles were excluded following the initial screen. Full-texts of the
remaining 270 articles were further examined for eligibility. 169 articles were
excluded during the full text review using the similar criteria mentioned above. The
remaining 101 articles were included for systematic review. Additional information
regarding the methodology for inclusion and exclusion criteria are in Figure 2.

2. Results
The results of our literature review for HLA device analytical performance and test
results used for transfusion or transplantation consisted of HLA typing related studies
(n=28), HLA antibody detection related studies (n=102), and studies that used both HLA
typing and HLA antibody detection devices (n=7). The results of our literature review to
evaluate the use of HLA-B27 results to aid diagnosis for AS yielded 101 studies.

3. Analytical Performance of FDA-cleared HLA Devices
In this section, we summarized the articles that have evaluated the analytical performance
of FDA-cleared HLA devices; the test results were not used to make clinical decisions in
these articles. These studies provided risks to consider if the HLA testing results are used
to aid donor and recipient matching in transplantation and transfusion.
3.1. HLA typing devices
HLA typing methods have evolved significantly since the discovery of the first HLA
antigen. Originally serological methods were employed to determine HLA types.
However, DNA-based molecular assays are now the predominant methods used in
many laboratories.
Molecular versus serological HLA typing: We identified several studies suggesting
that molecular assays have superior performance compared to serological methods. In
one study, 21% to 38% of HLA-A, B and DR antigens were poorly defined by
serological typing. These antigens were resolved by molecular typing using sequence
specific primer (SSP) kits from One Lambda [1]. Similarly in other studies, FDAcleared molecular HLA typing kits provided results with higher resolution and/or
revealed errors of HLA serological typing [2-6]. In two studies, molecular testing
revealed that FDA-cleared serological typing tests generated discrepant results or no
results in about 23 – 24 % of the cases [7,8]. Another advantage of molecular typing
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is the use of DNA extracted from different tissue types such as buccal swab or blood
[9].
Technical limitations of the HLA molecular typing methods: Due to the extreme
polymorphism of HLA loci, an HLA molecular kit often uses a large number of
primers and/or probes to target different alleles. However, the frequencies of most
HLA alleles are low, and genomic DNA samples carrying certain rare alleles are
difficult to obtain. HLA kit manufacturers may not have a complete sample panel to
validate all primers/probes in a kit. During the use of the kit, the hybridization or
amplification patterns from a sample with a rare HLA allele may not completely
match the expected patterns on the then most recent HLA sequence database available
when the kits were released. HLA sequence databases are frequently updated with
new HLA alleles. Rahal et al. identified several new HLA alleles when samples with
apparent false-negative or false-positive signals from LABType sequence specific
oligonucleotide (SSO) kits (One Lambda) were retyped by other methods [10]. Based
on 1200 HLA-DRB1 typing tests, the authors further estimated that probes with
fluorescence intensity close to the cut-off value leading to a questionable assignment
represented <2% of the assays [10].
The extreme polymorphism of HLA loci presents another major challenge to most
HLA molecular typing assays; typing ambiguities. In a review article, Gabriel et al.
suggested that allele ambiguities may occur in 41% of HLA-A and 21% of HLA-B
typing results [11]. Some of these ambiguities may reflect null alleles in which the
HLA molecule is not expressed or truncated, and therefore may generate an
alloreactive response. Testi et al. used 146 samples to evaluate the accuracy,
sensitivity and performance of a high definition DRB1 kit (LABType SSO DRB1
HD, One Lambda). Twenty-nine samples (20.4%) gave an ambiguous typing with a
combination of two or more alleles. Thirty-one samples (21.7%) required cut-off
adjustments to one or two beads. With a new kit lot, six beads required a cut-off
change [12]. Ambiguous typing results were also reported when using Dynal RELI
HLA-DRB SSO kit [13]. Roh et al. reported full concordance typing results without
ambiguities when 100 samples were typed by an SSO kit (LIFECODES, Immucor)
for HLA-DQB1 locus, which has less allelic polymorphism than HLA-DRB1 locus
[14].
Loss of heterozygosity (LOH) has been reported to cause false HLA homozygous
typing results in pre-transplant patients suffering from hematological malignancies,
who in fact are HLA heterozygous. Linjama et al. reported conflicting HLA
assignment by three different typing methods due to LOH in the HLA region [15].
Their data suggest a frequency of 0.4% for LOH in HLA in Hematopoietic Stem Cell
Transplant (HSCT) patients. They found that SSP assays (Micro SSP Generic HLA
Class I/II DNA Typing Trays from One Lambda and Olerup SSP kit from Olerup)
were the most sensitive method for detecting the lost haplotype, followed by SSO
(LABType SSO), while Sequencing-Based Typing (SBT) was the least sensitive
technique [15]. HLA-mismatched unrelated donor HSCTs are known to carry a
significantly increased risk of severe graft-versus-host disease (GVHD) and mortality.
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Our literature review did not yield articles examining cross-reactivity or interference
of FDA-cleared HLA typing devices.
3.2. HLA antibody detection devices
The first standard assay for the detection of HLA antibodies was the complementdependent cytotoxicity (CDC) assay. Other methods were later developed including
anti-human globulin (AHG)-enhanced CDC assay, flow cytometry crossmatch
(FCXM), and the most recent solid-phase assays (SPA) (ELISA, flow cytometry
beads-based or Luminex® beads-based assays). The performance of these assays
have been extensively studied in the literature.
3.2.1. Luminex®-based assays
Luminex® versus other technologies: Several articles described Luminex®
technology as more sensitive than other assays for detecting anti-HLA antibodies
[16-19]. Studies have reported that Luminex® assays can detect significantly more
HLA antibodies than CDC assays [20-23]. After eliminating immunoglobulin M
(IgM), a direct comparison of LABScreen (a Luminex®-based assay from One
Lambda) and CDC for the detection of HLA Class I IgG antibodies alone revealed
an agreement of about 91% [24]. Kurtulmus et al. reported that Luminex® PRA
(formally Panel Reactive Antibody) (Lifecodes) detected more HLA antibodies than
flow cytometry assay FlowPRA (One Lambda) [25]. Luminex® assays also showed
higher sensitivity than ELISA in several reports [26,27]..
Testing results from Luminex®-based assays have been used to predict crossmatch
results (virtual crossmatch (VXM)), and donors having the corresponding HLA
antigen(s) can be filtered out [28,29]. One study reported that LABScreen Single
Antigen Beads (SAB) correctly predicted the results of CDC and flow cytometric
crossmatches in 82.6% and 47.9% of cases, respectively [30]. When another
Luminex® assay (Lifecodes) was tested for the prediction of FCXM, a correct
prediction rate of 93% was reported [23].
Clinically irrelevant antibodies detected by the Luminex® assays: Several studies
described that the distinction between antibodies reactive with intact or denatured
HLA cannot be made using regular Luminex-based SAB, as the beads carry a
mixture of both antigens. Denatured HLA class I is defined as the HLA α-chain
from which β2-microglobulin and peptide within the groove is removed [31]. This
causes cryptic epitopes to be exposed, allowing antibody binding to these epitopes
that are normally inaccessible on cells [32]. In two studies, sera from patients who
had tested positive for anti-HLA antibody using standard SAB were retested.
Antibodies to denatured HLA Class I antigens were found in approximately 21%
[33] and 39% [34] of patients respectively. Another study reported that 6.2% of
Class I specificities recognized by standard SAB assay were defined as to denatured
antigens [35]. Antibodies to denatured antigens usually do not fix complement nor
produce the same positive FCXM as the anti-native HLA antibodies [33,34,36]. It
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has been suggested that preformed antibodies to denatured HLA Class I were
clinically irrelevant in kidney transplantation [32,37]. Grenzi et al. observed
positive reactions to epitopes presented in denatured forms of HLA-Class II
antigens in 1% of patients on the kidney transplant waiting list. The occurrence of
this reactivity pattern was found to be associated with female gender and systemic
lupus erythematosus (SLE) [38]. Polyreactive antibodies contribute to overall HLA
antibody activity detected by Luminex® in some serum, which may explain the
conflicting results from using different techniques to detect HLA antibodies, for
example, the additional reactivity picked up by Luminex® but not by CDC [39].
HLA antibodies, especially donor-specific antibodies (DSA), are often considered a
contraindication for transplantation. However, considering clinically irrelevant
antibodies may result in the inappropriate denial of an organ transplantation [34,36]
(See Section 4.3 for more information).
Prozone Effect and Interference: Some reports indicated that routine analysis using
Luminex®-based SAB assays on undiluted sera can result in an incomplete
assessment of HLA antibody levels. Kosmoliaptsis et al. observed increased IgG
binding on dilution with the sera from several highly sensitized patients awaiting
renal transplantation. This suggests the presence of a prozone effect and
misleadingly low antibody binding levels using neat serum alone [40]. Another
study reported that prozone effect was more evident in sera from highly sensitized
patients, and was only observed using SAB assays [41]. Further investigation
showed that treatment with dithiothreitol (DTT) [42,43] or EDTA [43-45] restored
maximum IgG antibody binding levels. Similar as DTT treatment, hypotonic
dialysis (HD), which also eliminates interference by IgM, improved HLA antibody
specificity identification, the determination of DSA strength, and crossmatch
predictability compared with values in untreated sera (n = 42) [46]. In this study
changes with detected HLA antibody specificity occurred in 61% of HD-treated and
50% of DTT-treated sera. Visentin et al. confirmed that IgM anti-HLA antibodies
can interfere with IgG anti-HLA antibody detection in a concentration-dependent
manner (LABScreen Mixed, LABScreen Single Antigen) [43]. Gloor et al. reported
that antithymocyte globulin (ATG), which is widely used in kidney transplantation,
affected Luminex® assay LABSceen PRA by producing positive HLA antibody
results [47]. Increased non-specific binding to negative control beads (LABScreen
assay) was reported in patients with underlying liver disease and with specific HLA
types, which can potentially lead to false negative result [48].
Assay reproducibility: Varied HLA antibody positive rates and mean fluorescence
intensity (MFI) values have been reported for the same sample set (n = 20) tested
with different Luminex®-based kits in seven laboratories. In this study, antibody
assignment agreement ranged from 86% to 93% between kits from two
manufacturers (One Lambda and Gen-Probe) [49]. Lot-to-lot variability was
observed when testing five lots of LABScreen Mixed assay [50], and three lots of
LABScreen SAB [51]. In another study Gandhi et al. reported a better assignment
agreement when using the same reagent lot (LABScreen SAB) to detect ant-HLA
antibodies in ten samples at four laboratories: the overall concordance for Class-I
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was 97% between laboratories and 98% within laboratory at all cutoffs; for Class-II,
overall concordance between and within laboratory was 98%. The authors
additionally tested the same samples on four consecutive days in one laboratory.
The overall concordance was about 98% [52]. A newer LABScreen lot showed
more uniform HLA antigen density across all beads than an early lot [53]. The
inter-assay and inter-machine mean absolute relative differences (MFI values) of
the Lifecodes Lifescreen Delux assay were reported as 12% and 13%, respectively
[54].
3.2.2. FlowPRA assay
In the FlowPRA assay the purified HLA class I or class II molecules were
immobilized on the surface of beads that are analyzed by conventional flow
cytometry. Kao et al. used both FlowPRA and standard CDC to test 102 (for antiHLA class I) and 45 sera (for anti-HLA class II) from organ transplant patients. The
FlowPRA assays showed moderate concordance for anti-HLA class I (k=0.448) and
better concordance for class II antibodies (k=0.801), when compared to CDC.
FlowPRA assays detected anti-HLA class I not detected by CDC [55].
Our literature review did not identify articles examining cross-reactivity,
interference or reproducibility of the FlowPRA assay.
3.2.3. ELISA assays
ELISA assay versus other assays: ELISA assays have been reported in literature to
be more sensitive than CDC assays [56,57]. Worthington et al. showed that the
concordance between PRA-STAT (an ELISA assay from SangStat) and CDC for
the detection of HLA class I-specific antibodies is 87.8% (259 of 295 samples). The
authors suggested that PRA-STAT could detect HLA-specific IgG antibodies
relevant to transplant outcome that were not detected by CDC [58]. As PRA-STAT
detects only IgG antibodies, the agreement between PRA-STAT and CDC results
for samples treated with DTT, which leads to the reduction of IgM antibodies, was
higher than the agreement between PRA-STAT and CDC without DTT treatment
[59]. In another study the concordance between QuikScreen (an ELISA assay from
GTI) and AHG-CDC+DTT for IgG antibody detection was reported as 96.2% [57].
When QuikScreen were compared to CDC assay using Antigen Tray from One
Lambda, 73 sera were positive only by QuikScreen, 48 sera by both QuikScreen
and CDC methods and 16 sera only by CDC method [60]. Gebel et al. described
that up to 25% of potential solid organ allograft recipients who would have been
reported as non-sensitized based on CDC assays are sensitized when assessed by
QuikScreen or FlowPRA [61]. In another study the reported overall concordance
was 82.8% between QuikScreen and FlowPRA for the detection of HLA class I
antibodies [62]. Although many studies found that ELISA assays are more sensitive
than CDC, an earlier study reported eight (8) false-negative reactions in 40 sera
tested with PRA-STAT as compared to CDC assay [63]. Harmer et al. have shown
that PRA-STAT is less sensitive than flow cytometry [64]. Significantly higher rate
of HLA antibody positivity was observed among group O donors than donors from
other ABO groups when tested by ELISA (DonorScreen, Immucor GTI
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Diagnostics), which was not observed using the Luminex-based assay (LABScreen)
[65].
ELISA-based crossmatching assays: Antibody Monitoring System (AMS) is an
ELISA-based crossmatching assay developed by GTI Diagnostics. Schlaf et al.
reported that in patients characterized by doubtful CDC crossmatches (n = 125),
only 18% of these exhibited a positive antibody reaction using the AMS-ELISA.
[66]. Altermann et al. reported t that AMS is more sensitive than CDC crossmatch
[67]. The concordance between AMS and FCXM assays was 89.7% when
performed on 107 sera in which 34 sera contain donor specific antibody (DSA)
[68]. In another study when 32 sera with high PRA (>50%) were tested by both
AMS and FCXM, discordant results were reported on five samples [69]. Results
from another ELISA-based crossmatching assay CROSS-STAT (SangStat) showed
an agreement of 94% when compared with consensus CDC results (n = 74) [70].
Concordance between different ELISA assays: The concordance between two
ELISA assays (QuikScreen and DynaChip) was reported as 88.2% for class I
antibodies and 91.3% for class II antibodies [23]. This study also reported 90.7%
concordance comparing B-Screen (an ELISA assay from GTI) and FlowPRA for
the detection of HLA class II antibodies. B-Screen failed to detect antibodies to
HLA-DQ in a number of samples [62]. Another study reported LAT (formally
Lambda Antigen Trays from One Lambda) as more sensitive than two other ELISA
methods PRA-STAT and QuikScreen [56].
False-positive ELISA results have been recorded in one study [71]. Thirty three (33)
samples from blood donors that were tested positive for HLA class I or II antibodies
by DonorScreen (an ELISA assay from GTI) were retested by LABScreen. The
investigators noted false-positive reactions for the HLA class I antibody in two
donors and for the HLA class II antibody in 19 donors using the DonorScreen
method. There were no reported transfusion reactions in the recipients of packed
RBCs or platelets obtained from donors who tested positive by DonorScreen
method [71].
Our literature review did not find articles examining cross-reactivity, interference or
reproducibility of the FDA-cleared ELISA assays.

4. Clinical Uses of HLA Testing Results to Aid Donor and
Recipient Matching in Transplantation or Transfusion
HLA devices have been widely used to generate results to aid donor and recipient
matching in transplantation and transfusion. Many articles identified by our literature
review are retrospective studies investigating the association of HLA matching strategies
and clinical outcome. FDA-cleared HLA devices were used in these studies to provide
testing results.
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4.1. Clinical uses of HLA typing results for donor and recipient matching
HLA matching is important in selection of suitable donors, which is considered as a
priority for kidney transplantation and HSCT. The benefit of HLA matching for
transplantation of other solid organs has often been debated.
4.1.1. Kidney transplantation
With potent immunosuppression and improved patient management, renal graft
survival rates increased immensely during the last three decades. In spite of these
improvements, the effect of HLA matching on kidney transplants from both
deceased donors and living donors remains significant. Pourfarziani et al. reported
that three-year graft survival was significantly better for the recipients with better
HLA matches. SSO typing kits from Dynal were used in their study [72]. Similar
conclusion was drawn in another study in which DRB1 and DQB1 SSP assays from
Olerup were utilized to determine HLA types (n = 1934 patients) [73]. The authors
also used the delayed type hypersensitivity (DTH) assay to assign kidney recipients
(n = 71) to immune regulator, nonregulator, and sensitized categories. Within the
cadaver population, two HLA-DR-matched recipients had a higher frequency of
regulated anti-donor DTH than one and zero HLA-DR-matched recipients.
Matching for HLA-DR, total class II (DR and DQ), and total HLA (A, B, DR, and
DQ) were all found to be statistically significant factors influencing the pattern of
DTH regulation [73]. HLA-DR mismatching (HLA-DR typed by Micro SSP HLA
Class II DNA Typing Kit from One Lambda) was associated with acute graft
rejection [74].
HLA typing kits have been used together with HLA antibody detection assays to
identify DSA in transplant recipients. Caro-Oleas et al. reported the use of AllSet
Gold SSP kits from Invitrogen for the detection of DSA in 982 patients who
received renal grafts from deceased donors after a negative CDC crossmatch.
Kidney transplantation outcome was worse among recipients with DSA [75]. In
presensitized patients with preformed HLA antibodies, the compatibility for HLADP and HLA-C alleles (typed by Olerup SSP kits) was reported as affecting kidney
graft survival [76].
4.1.2. Non-renal solid organ transplantation
The value of HLA matching in non-renal transplantation is not as clear as in kidney
transplantation. Muro et al. used SSP assays from Dynal and One Lambda and
traditional CDC assays for HLA typing of 224 recipient-cadaveric liver donor pairs.
HLA-A and DPB1 matchings were found as independent risk factors for graft loss
[77]. Castillo-Rama et al. analyzed a single-center cohort comprising of 896 liver
transplants. HLA-A, HLA-B, and HLA-DR were typed using typing trays from
One Lambda in CDC assays. No significant beneficial or detrimental effects
associating the degree of HLA donor and recipient matching and liver graft survival
have been observed [20]. Similarly, there was no association found between HLA
mismatch and acute rejection or graft survival in liver transplantation in which
HLA-A, HLA-B and HLA-DR were typed using SSO kits (Lifecodes) [78].
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HLA-typing trays from One Lambda were used together with anti-HLA sera from a
local laboratory to evaluate the influence of HLA mismatches on lung
transplantation outcome, in which obliterative bronchiolitis (OB) was the principal
cause of chronic allograft loss. The authors identified mismatching at HLA-A locus
as a significant risk factor for OB, and noted that HLA-DR mismatches indirectly
influence the development of OB [79].
4.1.3. Hematopoietic stem cell transplantation (HSCT)
Many studies have shown that matches at the HLA-A, HLA-B, HLA-C, HLA–
DRB1 and HLA–DQB1 loci (10/10 matched) improve survival and the overall
HSCT outcome. Matching for HLA class I and II alleles (detected by Dynal SSP kit)
was found to be associated with low incidence of severe acute GVHD in HSCT
recipients [80,81]. Huo et al. reported that HLA-B mismatch (determined by
Monoclonal Tray and Micro SSP Typing Tray from One Lambda) is associated
with significant adverse effects on acute GVHD and transplant-related mortality,
reduced overall and leukemia-free survival [82]. Using data from a combination of
FDA-cleared kits (SSP kits from Dynal and One Lambda) and for research use only
kits, 57 bone marrow donor/recipient transplant pairs were fully matched for the
alleles HLA-A, B, C, DRB1 and DQB1 and also for the alleles DRB3, 4 and 5 in
order to eliminate the alloimmune impact of these HLA molecules. In this setting,
the authors found that two HLA-DPB1 incompatibilities are associated with severe
acute GVHD and reduced patient survival [83]. Similarly, a distinct trend to poorer
overall survival was reported with double HLA-DPB1 mismatch (Lifecodes SSO
kit) [84]. However, Pan et al. reported mismatches at HLA-DP loci did not have
major effect on outcomes [85].
High resolution HLA molecular typing is recommended for HSCT. Studies found
that previously matched recipient-donor pairs are sometimes determined to be
mismatched when high resolution molecular techniques are used. Kassar et al. used
Dynal SSP typing kits and identified significantly more (36 vs. 8) mismatched pairs
than the previously used low resolution assays in 69 bone marrow transplant
procedures [81]. Sun et al. identified additional four (4) mismatches with a higher
resolution molecular assay in 37 patients awaiting HSCT and related potential
donor combinations that were previously typed by a low resolution SSP kit from
Pel-Freez [86]. They concluded that some HLA identical donor and recipient pairs
assigned by low resolution typing methods were mismatched at their allelic levels,
which might lead to severe GVHD and poor outcome after HSCT.
In recent years, umbilical cord blood has been used successfully as an alternative
haematopoietic stem cell source to treat a variety of hematologic, immunologic,
genetic, and oncologic disorders. Studies have shown that some degree of HLA
mismatches is acceptable when using cord blood. In one study the engraftment rate
and GVHD after cord blood transplantation did not significantly correlate with
extended HLA matching including HLA-C and HLA-DQB1 (typed by SSP HLA
typing kit from Dynal) [87].
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4.1.4. Transfusion
HLA antigens are associated with several complications of blood transfusion.
Although HLA typing assays have been used in many studies investigating the
clinical relevance of the HLA system in blood transfusion, only a few of the
published articles included the name of the HLA typing assays used.
Xia et al. used AllSet Gold SSP (Invitrogen) to select HLA matched platelets for 23
patients with platelet transfusion refractoriness. Significantly higher platelet
recovery values were obtained with HLA-matched platelets in comparison with
random platelets [88].
4.2. Clinical uses of HLA antibody detection results for donor recipient matching
Transplant or transfusion recipients or donors who have had sensitizing events
develop antibodies against HLA antigens. In general the presence of pre-transplant
HLA antibodies (also called preformed HLA antibodies), and specifically to those
HLA antigens that are expressed by the organ donor (Donor Specific Antibodies DSA), represents the dominant reason for hyperacute and acute rejection of renal
allografts and allografts of other solid organs. They are thus regarded as
contraindication for grafting according to the transplantation guidelines of most
countries and international societies [66,89].
4.2.1. Kidney transplantation
HLA antibodies detected by Luminex®-based assays: It appears that early reports
about the value of DSA detection using Luminex®-based assays in kidney
transplantation presented more controversial views, whereas later studies provided
more support [90]. Evidence provided by several studies show that Luminex®
assays can identify clinically relevant HLA antibodies including the ones missed by
CDC assays. In a study involving 892 patients who received a graft from deceased
donors after a negative CDC crossmatch, an SAB assay (Tepnel Lifecodes) was
used to detect anti-HLA DSA. Graft survival was significantly worse among 103
patients with anti-HLA DSA compared to both patients with non-DSA anti-HLA
and patients without HLA antibodies [75]. Similar findings were reported with
AHG-CDC crossmatch negative recipients who were retested using Luminex PRA
assays from Tepnel Lifecodes [91,92].
Higgins et al. reported that rejection occurred significantly more in DSA positive
patients in the first year compared with the DSA negative patients (Luminex SAB
assay, One Lambda) [93]. Anti-HLA DSA (LABScreen) was associated with higher
incidence of an episode of rejection in the first 30 days, and with death-censored
graft failure [94]. Higher HLA-mismatch numbers were observed in kidney
transplant recipients with anti-HLA-DSA (Tepnel Lifecodes) [95]. HLA-Cw
antigen has been considered to be less immunogenic than other HLA antigens such
as HLA-A or HLA-B. Ling et al. reported 100% survival in eight (8) kidney
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transplantation recipients with anti-HLA-Cw DSA (determined by LABScreen SAB)
[96].
Colombo et al. found that using LABScreen method, 18% of patients on the kidney
waiting list were considered and managed as sensitized as compared to 7% when
testing with CDC alone [24]. Bostock et al. determined that the probability of
receiving a deceased donor kidney transplant is inversely related to the % PRA,
although a higher risk for not receiving a kidney transplant becomes evident with a
PRA >20% (LABScreen) [97]. Pregnancy is a strong sensitizing event (HLA
antibody detected by LABScreen assays) in women awaiting kidney transplantation
[98,99]. However, some Luminex® (Lifecodes Lifescreen Deluxe) positive patients
did not experience any immunizing events [42].
HLA antibodies detected by FlowPRA: Renal allograft recipients with pretransplant
HLA antibodies detected exclusively by the FlowPRA assay exhibited a decreased
mean time to first rejection episode in comparison with FlowPRA-negative
recipients [23]. Ishida et al. described FlowPRA as more sensitive than FCXM, and
FlowPRA positive recipients showed more humoral rejections [100].
HLA antibodies detected by ELISA-based assays: Li et al. used LAT assays to
detect HLA antibodies in a study including 1297 renal transplant recipients. The
incidence of delayed graft function was significantly higher in recipients with HLA
antibodies than recipients without HLA antibodies [101]. In another study the
recipients with HLA antibodies (detected by LAT) had a worse two year outcome
[102]. ELISA assay PRA-STAT also detected HLA antibodies relevant to renal
transplantation outcome [58,103]. A positive signal in the AMS-ELISA crossmatch
has shown a “high degree” of concordance (n = 7 out of 9) between the loss of
kidney function due to clinically proven rejection episodes, while only one of the
patients negative for DSA using the AMS-ELISA (n = 24) suffered from a biopsyproven rejection [23]. A few studies reported that HLA antibodies as detected by
ELISA assays (LAT from One Lambda) had no significant impact on graft survival
[101,104]. DSA was not specifically examined in these studies.
4.2.2. Heart transplantation
DSA detected by Luminex®-based assays: Raess et al. reported that the presence of
pretransplant DSA (detected by LABScreen SAB assay) is predictive for short-term
but not long-term survival after heart transplantation. As compared to CDC PRA,
LABScreen determined DSA class I predicted a decreased short-term survival with
a four times higher sensitivity. HLA antibody screening with LABScreen Mixed did
not predict survival [105]. In another study DSA in pretransplant sera from 85 heart
transplant recipients with negative CDC crossmatch was tested by LABScreen SAB
assay, and showed 90% accuracy when compared to FCXM results. Recipients with
pretransplant DSA and positive FCXM have significantly higher rates of antibodymediated rejection (AMR) and cell-mediated rejection (CMR) compared to
recipients with negative DSA or FCXM [106]. A study with 264 adult heart
transplant recipients also reported an association of preformed DSA (LABScreen
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Mixed and Single Antigen) with pathogenic AMR [107]. In heart transplant
patients, logistic reasons limit performing a prospective crossmatch. SAB defined
DSA can be potentially used as a surrogate for FCXM. Zangwill et al. examined the
effect of the virtual crossmatch (VXM) on wait times and outcomes. HLA antibody
specificities were determined by Luminex® assay from One Lambda. The VXM
was concordant with the retrospective crossmatch in eight out of nine cases [108].
The authors suggested that the use of a VXM can lead to shorter wait times and
better outcomes as a listing strategy for sensitized children requiring cardiac
transplantation.
4.2.3. Liver transplantation
Luminex® assay (LABScreen) was used in a study in which preformed anti-HLA
antibodies were detected in 20.2% of 810 liver transplant recipients. These
antibodies were associated with shorter graft survival within the first year posttransplant. Specifically the study found that Luminex-detected anti-HLA class II
antibodies played a significant role in decreasing graft survival [20]. Wozniak et al.
evaluated six pediatric ABO-compatible liver transplant recipients diagnosed with
early acute AMR. Three of four patients with available pretransplant HLA antibody
data (LABScreen and FlowRPA) were positive for HLA antibodies [109].
However, in another study (n = 97), no association was found between graft
dysfunction at 60 months and positive Luminex® (Lifecodes) PRA values [22]. In
addition to Luminex® assay, the presence of HLA antibodies detected with CDC
crossmatch suggested a deleterious effect on liver transplant outcome, and was
associated with an increased incidence of early graft loss and rejection episodes
[110].
4.2.4. Lung transplantation
Smith et al. used Luminex® assays (Lifecodes and LABScreen) to detect pretransplant DSA in 425 adult lung transplant recipients. Patients with DSA (n = 27)
had an actuarial 1-year survival of 51.9% compared with 77.8% for those with nonDSA anti-HLA (n = 36), and 71.8% for patients with no detectable anti-HLA (n =
362). Graft failure in the DSA group occurred early after transplantation [111].
Girnita et al. reported that HLA antibodies (determined by LAT ELISA) are
significantly associated with more persistent-recurrent acute rejection and highgrade acute rejection episodes [112].
The role of anti-HLA Class I versus Class II DSA in lung transplant has not been
well defined. Smith et al. revealed that Class II DSA had significantly poorer
survival, but to a lesser extent than Class I DSA [111]. Brugiere et al. reported that
freedom from bronchiolitis obliterans syndrome was lower, and mortality was
higher for patients with preformed Luminex®-detected class II DSA, but did not
differ for patients with and without class I DSA [113].
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4.2.5. Intestinal transplantation
Ruiz et al. reported the presence of pretransplant DSA (FlowPRA Single Antigen,
One Lambda) in an intestinal transplantation recipient who developed immediate
antibody-mediated rejection [114].
4.2.6. Hematopoietic stem cell transplantation (HSCT)
Most of the patients who need HSCT do not have a matched related donor. For
these patients, a matched unrelated donor (MUD) transplantation may be preferred.
The presence of HLA antibodies (detected by LABScreen) in MUD HSCT
recipients was reported as a risk factor for GVHD and overall survival [85]. DSA
were associated with primary graft failure [115]. HLA typing is generally
performed for HLA-A, HLA-B, HLA-C, HLA-DQB1 and HLA-DRB1 loci for
HSCT matching. To examine the effect of HLA-DPB1 mismatch on clinical
outcome, LABScreen assay was used in a study to prospectively determine DSAs in
592 MUD transplantation recipients. All DSAs were directed against the HLADPB1 molecule in these MUD recipients. In multivariate analysis, the authors
identified DSA to DPB1 as the only factor highly associated with graft failure [116].
Cord blood is a valid alternative to bone marrow and peripheral blood stem cells in
HSCT. Studies suggest avoiding HLA mismatches at loci in which patients have
preformed HLA antibodies. Takanashi et al. identified 20 cases with HLA
antibodies (FlowPRA and LABScreen) against cord blood HLA from 386 cord
blood transplants. Recipients with such antibodies had significantly lower
neutrophil recovery and platelet recovery [117].
In addition, the presence of anti-HLA class II antibodies in unrelated HSCT donors
(detected by LABScreen) was associated with a higher cumulative incidence for a
first episode of either acute or chronic GVHD. Identifying specificities of the anticlass II antibodies revealed that half of the alloimmunized donors had recipientspecific antibodies (RSA), directed mainly against mismatched HLA-DPB1 alleles.
Owing to the lack of linkage disequilibrium between HLA-DPB1 and the rest of the
extended HLA haplotype, approximately 86% of 10/10-matched unrelated donors
are mismatched at the HLA-DPB1 locus [118].
4.2.7. Pancreas Transplantation
Eby et al. evaluated the use of virtual HLA crossmatching based on DSA data
(LABScreen Single Antigen) in pancreas transplantation. Death-censored graft
survival, patient survival, and rejection rates were comparable among the recipient
groups of VXM and FCXM. The time from organ arrival at the hospital to operation
start was significantly shorter in the VXM-only group compared with the VXM +
FCXM group. The authors concluded that VXM helps minimize cold ischemia time
without increasing rejection or adversely affecting graft survival [119].
4.2.8. Transfusion
Some transfusion reactions are triggered by HLA antibodies present in the patients
whereas others are initiated by HLA antibodies or HLA reactive cells present in the
transfused products. Lin et al. used LABScreen assay and detected the presence of a
recipient-specific antibody significantly greater in the definite and possible
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transfusion-related acute lung injury (TRALI) cases compared to other cases [120].
HLA antibody detection devices are used in blood establishments that are adopting
TRALI risk reduction strategies. A major challenge of screening donors for HLA
antibodies is how to decrease the risk of TRALI for recipients while maintaining an
adequate supply of plasma containing blood products. LABScreen assays allow the
end users to set cutoff levels for HLA antibody testing. If the cutoffs are too
sensitive, donation loss may adversely impact blood availability. In one study (8171
donors enrolled) the relative impact of imposing various screening assay cutoffs or
pregnancy stratification was examined in relation to detection of HLA antibody–
reactive donations and loss of donors and donations [121]. Samples with a broader
array of HLA antibody specificities or higher HLA antibody screening values have
higher probability of matching a cognate antigen in a recipient. Depending on the
TRALI risk reduction strategy used, the potential loss of donations ranged between
0.9 and 6.0% [121]. In addition to traditional CDC assays, both ELISA (LAT) and
Luminex® (LABScreen) have been used to evaluate HLA antibodies in acute nonhemolytic transfusion reactions (ANHTRs). High incidences of HLA antibodies in
both patients and donors associated with ANHTRs were observed [122].
HLA antibody detection devices have been used to examine HLA alloimmunization
rate after blood transfusion, which may affect donor matching for future
transplantation or transfusion. In one study, none of the five aplastic anemia
patients who received leukoreduced blood products was positive for HLA
antibodies (determined by FlowPRA), compared to six HLA antibody positive
patients from a group of 15 patients who had received non-leukoreduced
components previously [123]. However, Balasubramaniam et al. reported that
transfusion even in the postleukodepletion era continues to pose a risk of
sensitization. LABScreen assay detected HLA antibodies in seven of the 42 male
patients (16.7%) on kidney waiting list who received at least one unit of leukodepleted blood. Of the remaining 74 male patients without a history of transfusion,
3 (4.1%) were found to have HLA antibody. In this study a history of blood
transfusion gave a relative risk of 4.1 of developing HLA antibody [124].
Patients who are refractory to platelet transfusion because of HLA
alloimmunization are generally given HLA-matched or crossmatched platelets. In
an observational study with 114 patients, the percentage of platelet recovery was
determined in 1621 platelet transfusions. The presence of HLA antibodies in
recipients (detected by CDC assay using frozen cell trays from One Lambda) and
donors’ HLA types were used in the antibody specificity prediction (ASP) method
(similar to virtual crossmatch) to predict whether a patient’s antibodies will react
with donor HLA antigens [125]. The authors compared the platelet recovery of
platelets selected by the ASP method with the platelet recovery of those that were
HLA matched, crossmatched, or randomly selected. Their conclusion was that the
selection of platelets for transfusion to refractory alloimmunized patients based on
HLA antibody specificity prediction is as effective as providing HLA-matched or
crossmatched platelets, and significantly superior to randomly selected platelets. Far
more donors were identified in a pool of HLA-typed donors by the ASP method
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than by HLA matching [125]. In another study the PRA determination by
Luminex® (LABScreen) or flow cytometry (FlowPRA) assays appeared better
correlated than determination by CDC with the ability to find crossmatchcompatible platelets [126].
4.3. Challenges related to the clinical use of HLA antibody detection devices
Published studies indicated that not all antibodies determined by Luminex® assays
could be considered clinically relevant in solid organ transplantation. Couzi et al.
showed that only the combination of LABScreen SAB and FCXM results, but not
SAB alone, identified DSA predicting short-term outcome of sensitized kidney
transplant recipients [127]. Interestingly, in another report 118 CDC negative renal
transplant recipients with graft loss did not show a higher incidence of DSA
(detected by LABScreen) than 118 matched controls without graft loss [128].
Thiyagarajan et al. used LABScreen to determine preformed HLA antibodies
without CDC testing. The HLA class I, class II, and DSA-positive groups showed
no difference in renal function or graft survival at two years [129]. Other studies
similarly showed that the detection of non-DSA HLA antibodies is not associated
with kidney (Lifecodes assays from Tepnel) [75] or lung graft outcome (SAB assay
from One Lambda) [113].
There was also a report suggesting that not all HLA antibodies detected by
Luminex® assays in donors are associated with transfusion reactions [130]. In this
study LABScreen assay detected Class I antibodies in 15% plateletpheresis donors
and Class II antibodies in 21% donors. However, there were no reported reactions
after transfusion of the platelets from these donors (n = 136) in 265 episodes to 67
patients.
Several studies suggested that considering antibodies to cryptic/denatured HLA
epitopes for HLA matching could lead to unjustified exclusion of potential donors.
One study reported that 11% of the class I DSAs detected by regular SAB analysis
were caused by reactivity with denatured HLA [131]. The authors also found that
patients with DSA to intact HLA showed a significantly lower graft survival rate
compared to those without HLA class I DSA, whereas reactivity to exclusively
denatured HLA was not associated with decreased graft survival [131]. Oaks et al.
determined that the antibody responses to cryptic/denatured HLA epitopes are not
associated with factors commonly thought to be associated with antibody responses
to HLA such as age, gender, transfusions or presence of circulatory support [33].
Sicard et al. examined renal transplant recipients who were tested positive for
preformed DSA by Luminex® but without history of an immunizing event or
positive CDC crossmatches, and observed favorable outcomes of these recipients
with DSA of unknown etiology [132]. Several other studies reported similar
findings [21,133]. It has been speculated that these HLA antibodies are produced to
cross-reactive epitopes found in microorganisms, ingested proteins and allergens—
making them natural antibodies. One possible problem is denaturation of the HLA
antigens during purification and attachment to solid surface such as beads, exposing
cryptic epitopes [133]. Gombos et al. described the finding of antibodies with high-
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MFI value in some unimmunized patients with HLA specificities that are rather
common in general population [21]. Increased percentage of nonspecific/natural
antibody specificities was reported when using lower cutoff values for LABScreen
assay [134].
While considering antibodies with no clinical impact for donor and recipient
matching would lead to unjustified exclusion of potential donors, a test may give
false negative results when a “public” antibody, for which the corresponding
epitope is shared by more than one HLA antigen/bead, is ‘spread too thin’ over a
copious number of beads [135]. In addition, HLA genes are known to be extremely
polymorphic, therefore, it is not currently possible to represent all antigens in a
SAB assay [136]. Roberts et al. suggested that laboratories using SABs alone may
fail to recognize potentially clinically relevant antibodies [135]. Several groups
recommended the use of multiple platforms [26,135], such as using an SAB test
together with a Luminex® screening assay [137].

5. HLA-B27 Testing Used to Aid Ankylosing Spondylitis
Diagnosis
Ankylosing Spondylitis (AS) is the prototype of immune-mediated inflammatory
rheumatic diseases grouped under the term spondyloarthritis (SpA). A wider group of
SpA has been proposed by Assessment of Spondyloarthritis International Society
(ASAS), and the patients are sub-grouped into (1) a predominantly axial disease, termed
axial SpA including AS and non-radiographic axial SpA (nr-axSpA); (2) peripheral SpA
[138]. Axial SpA encompasses a spectrum of disease severity that spans from self-limited
inflammation to bony destruction of the spine. AS is a well-characterized, chronic and
progressive form of axial SpA.
5.1. Association of HLA-B27 with AS
In most populations studied worldwide, HLA-B27 is strongly associated with AS
[139-141]. Many studies have shown that the frequency of AS and SpA parallels the
frequency of HLA-B27. Cauli et al. reported a higher number of HLA-B27 molecules
on the cells of AS patients compared to HLA-B27-matched controls [142,143].
However, in many populations only a small fraction (1~ 5%) of HLA-B27 positive
subjects develop the disease [144]. Although HLA-B27 is neither sufficient nor
necessary for the occurrence of AS, in the appropriate clinical situation, HLA-B27
may be of value in supporting the diagnosis of AS [138,145-148]. One article
estimated both sensitivity and specificity of HLA-B27 for the early diagnosis of
AS/axial SpA as 90% in the European Caucasian population [149]. The prevalence of
HLA-B27 was reported as higher in AS than in nr-axSpA in several publications
[150,151], while other studies found similar prevalence [152,153].
5.2. HLA-B27 prevalence in AS patients from different populations
The strength of the association between HLA-B27 and AS has been extensively
studied, which need to be considered when using HLA-B27 results to support AS
diagnosis in different populations. The prevalence of HLA-B27 and its association
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with AS varies markedly between racial and ethnic groups with a general decline in
frequency from north to south across the world [154].
•
•

•

•
•

•
•

•
•

Rashid et al. reported 39.7% individuals in a Inuit population were HLA-B27
positive, while all patients with AS were HLA-B27 positive [155].
In a U.S. national survey, the prevalence of HLA-B27 was 7.5 % among nonHispanic whites while it was lower at 4.6 % in Mexican Americans and
approximately 1.1 % among non-Hispanic blacks [156]. While 85–95 % of
white AS patients have HLA-B27 [157], the prevalence of HLA-B27 among
African American AS patients was reported at 50% [156].
HLA-B27 was positive in 82.9% Italian AS patients [158], 90% in young
Greek males patients [159], 83% in a Europe group with AS, 72.1% in
Romanian AS patients [160], 71% in Latin America AI patients [161].
HLA B-27 was found in about 80% Juvenile ankylosing spondyloarthritis
patients from Russia [162].
HLA-B27 was present in over 90% AS patients from Chinese Han population
[163-165], Xinjiang Uygur [166] and Taiwan [167]. It was found that AS
patients from southern China had a higher prevalence of HLA-B27 than
patients in Northern China [168].
The incidence of HLA-B27 is as low as 0.4% in Japan. Among 13 Japanese
AS patients, HLA-B27 was present in two patients [169].
The prevalence of HLA-B27 among AS patients is over 70% in Iran
[170,171], 62.5% in Vojvodina [172], 76% in India [173], 69% in Saudi
Arabia[174], 71% in Jordan, 73% in Qatar[175], 74% in a group of Arabs
[176], 58.6% in Egypt [177], 76.9% in New Zealand Māori [178] and 45.6%
in Macedonia [179]. Three studies reported HLA-B27 prevalence in Turkey
AS patients as 67.5% [180], 73.7% [181] and 90.2% [182], respectively.
HLA-B27 was observed in 29%, 45% and 64% Moroccan AS patients in
different studies [154,183,184], and 61.7% in Tunisian AS patients [185].
Close to 41% of Colombian patients with spondyloarthritis were HLA-B27
positive of which 52.9% has AS and 42.5% axSpA [186].

Although the worldwide distribution of AS is closely related to the prevalence of
HLA‑B27, rare exceptions to this association have been observed. In West Africa,
for example, AS remains uncommon despite some ethnic groups having an HLA‑
B*2705 prevalence similar to European populations [187-190]. One study revealed
that the HLA-B*2705 allele occurred in seven (50%) of the 14 cases of AS from
Burkina Faso [191], while another study reported the prevalence of B27 was 4.6%
in AS patients from Ghana [192].
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5.3. HLA-B27 subtypes/alleles and AS
HLA-B27 has a high degree of genetic polymorphism, with at least 160 known
subtypes based on one or more amino acid sequence differences [193,194]. Some of
these subtypes exhibit differential association with AS. The most common subtypes
associated with AS are HLA-B*27:05 (Caucasians), HLA-B*27:04 (Chinese), and
HLAB*27:02 (Mediterranean populations) [193,195]. Although AS cases have been
reported as having many other B27 subtypes, for most alleles the number of cases
reported is too few to definitely comment on their relative strength of association with
the disease [139].
The common white European subtypes, B*2705 and B*2702, are strongly associated
with AS [196]. In Northern Norway, the high prevalence of AS is linked to the 15%
population prevalence of HLA-B27. HLA-B*2705 was present in 98% and HLAB*2702 in 2% of AS patients [197]. The almost exclusive presence of HLA-B*2705
in AS patient in this region contrasts with findings in Southern Europe, Asia and
Africa, where there is a variable mix of HLA-B*2705 with other subtypes [179]. In
contrast to the findings from many studies, meta-analysis of published studies showed
a negative association between HLA-B*2705 and susceptibility to AS in the
southerners of China [198], or no association worldwide [199].
The primarily Asian subtype HLA-B*2704 is at least as strongly associated with AS
as HLA-B*2705 in the same population, with some studies suggesting that it may be
more strongly associated [164,165,198-202]. HLA-B*2707, also mainly found in
Asians [196], seems equally strongly associated with AS as HLA-B*2705, with one
known exception (the Greek Cypriot population) [200]. There is evidence to suggest
that HLA-B*2706 (found in Southeast Asian population) and HLA-B*2709 (found in
Sardinia and southern Italy) have reduced strength of association with AS
[190,194,200,203]. Meta-analysis of seven studies showed a protective effect of
HLA-B*2706 on development of AS [198,204].
5.4. HLA-B27 and AS characteristics
Many studies have found HLA-B27 positive patients develop symptoms earlier than
their B27-negative counterparts. HLA-B27-positive patients with AS are younger at
the onset of disease and diagnosis as compared to patients who are HLA-B27negative [140,156,174,183,195,205-208]. HLA-B27 appears to lower the threshold
for developing the disease at an earlier age [208]. In AS patients, radiographic
progression occurred significantly faster in HLA-B27 positive patients [209]. In early
axial SpA, HLA-B27 has been shown to be associated with earlier onset of
inflammatory back pain (IBP), early diagnosis, axial inflammation (spine and
sacroiliac joints), radiographic damage of the sacroiliac joint and lower frequency of
psoriasis [145].
HLA-B27-positive patients with AS have greater familial occurrence as compared to
patients who are HLA-B27-negative [183,210,211]. The risk of developing AS is
much higher for HLA-B27-positive first-degree relatives of HLA-B27-positive AS
patients [187,212]. The presence of HLA-B27 was found significantly higher in

Page 21 of 40

familial AS than sporadic ones [213,214]. HLA-B27 was reported as more common
in male AS patients than female patients [154,195,210,215,216]. It has been
suggested that HLA-B27 is a valuable informative diagnostic tool especially in regard
to male patients who have a family history of AS [154].
It has been reported that clinical features and severity of AS is influenced by HLAB27 status. HLA-B27-positive patients with AS have frequent association with
anterior uveitis [183,208,217,218], involvement of lumber spine, thoracic spine and
hip joint, and less frequent occurrence of psoriasis and inflammatory bowel disease
as compared to their HLA-B27-negative AS peers [145,208]. HLA-B27 positivity in
AS was reported to be related with peripheral arthritis [195], though other studies
showed no significant relationship [208]. It has been suggested that patients with
acute anterior uveitis, especially those who are HLA-B27 positive, should be
evaluated for clinical features of SpA [217]. HLA-B27 positive patients have a
significantly higher median Bath ankylosing spondylitis disease activity index
(BASDAI) [219], and worse sacroiliitis [205] than HLA-B27 negative patients.
Some studies found that homozygosity for HLA-B27 increases disease risk and the
likely hood of familial aggregation [140,220] and influences clinical manifestations
[139]. However, other studies have examined but did not find a similar relationship
[145,194,208,221]. AS patients who carried both HLA-B27 and HLA-B60 showed a
high susceptibility to AS [167,222].
The association of specific HLA-B27 subtypes and AS disease features has been
evaluated. Although the positive rate of HLA-B27 subtypes in Juvenile-Outset AS
(JAS) group had no statistical difference compared with adult-outset AS (AAS)
group, clinical features, including peripheral arthritis, enthesitis, BASDAI,
erythrocyte sedimentation rate, and C reactive protein were reported as significantly
higher in JAS patients with HLA-B∗2704 than those who were B27-negative. HLAB27-positive men with AS had significantly higher Bath AS Radiological Index
lumber score [223]. Enthesitis and ESR were significantly higher in patients with
HLA-B∗2705 than those with B27-negative.The onset age of HLA-B∗2715 group
was much earlier than other groups [224]. Uveitis was observed more in HLAB*2704-positive AS patients from India comparing to HLA-B*2705-positive AS
patients [225]. However, in a Chinese population, HLA-B*2705-positive patients
demonstrated a significant increase in the incidence of uveitis and dactylitis compared
with HLA-B*2704-positive patients [202].
5.5. HLA-B27 and patient classification criteria/referral strategies
The majority of research performed over the last two decades has used the modified
New York Criteria to identify patients with AS. Of the patients having one or more
of the three SpA features, 15% were classified as having AS based on the modified
New York Criteria [226]. The modified New York Criteria have potential limitations
in clinical practice as they are designed to identify patients with established AS and
requires X-ray evidence of sacroiliitis [151]. Attributable mainly to the late
appearance of definite sacroiliits on radiographs, the diagnosis of AS may get delayed
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6 to 10 years [138,227]. As early diagnosis has now become increasingly important,
the ASAS developed criteria for axial SpA with the goal of identifying more patients
in the spectrum of inflammatory back pain, including patients with early AS
[138,228,229]. The ASAS criteria for axial SpA require patients to have back pain for
at least three months and age of onset less than 45 years. Subsequently, patients must
meet clinical or imaging criteria. The imaging criteria include evidence of sacroiliitis
on magnetic resonance imaging (MRI) or x-ray and at least one additional clinical
feature. The clinical criteria (or the HLA-B27 arm) include the presence of HLA-B27
and at least two other SpA features. Both HLA-B27 and sacroiliitis on MRI play a
major role in the new ASAS classification criteria [151,227,230]. The sensitivity of
the entire set of ASAS criteria for axial SpA was 82.9% and the specificity was
84.4% [228]. The imaging arm showed excellent specificity (97.5%), but it has a low
sensitivity (66.2%). The HLA-B27 arm has reasonably good sensitivity and
specificity (~80% for both) [138].
Salehi-Abari et al. designed an Iran criteria for early diagnosis of AS. AS is
considered as the diagnosis if the patient fulfils one of the followings: (1) six clinical
points; (2) five clinical and imaging points; (3) if HLA-B27 is positive, five clinical
points or four clinical and imaging points; Sensitivity for this Iran criteria for AS
was calculated as 100 % [231]. Jung et al. developed the AS genetic risk scoring
model consisting of five genetic components: HLA-B27, three copy number
variations, and one single nucleotide polymorphism. This combination was reported
as more sensitive and more specific than HLA-B27-only typing for the identification
of individuals at high risk for AS [232]. HLA-B27 testing is not considered useful as
a single diagnostic test in a case report on one patient with low back pain without
further signs or symptoms of spondyloarthropathy [233].
As a small proportion of individuals positive for HLA-B27 develops AS, testing
healthy individuals for HLA-B27 was not considered as a useful method for
identifying patients with preclinical AS [150]. Several studies evaluated referral
strategies for axial SpA patients with chronic back pain (duration > 3 months) and age
at onset of back pain (< 45 years). Referral Strategy 1 required the presence of at least
one of the following criteria: IBP, HLA-B27 positivity, or sacroiliitis detected by
imaging. Referral Strategy 2 required the presence of at least two out of the following
five screening criteria: IBP, HLA-B27, sacroiliitis, family history for AS, and good
response of the back pain to nonsteroidal anti-inflammatory drugs. In a multicenter
study conducted in Germany, HLA-B27 positivity was used as a referral criterion in
44.7% of patients referred by Strategy 1, and 38.0% of the referred patients were
diagnosed with AS. When used as a referral criterion in 52.5% of patients referred by
Strategy 2, 31.5% of whom were diagnosed with AS [234]. When Strategy 1 was
used in a monocenter study in Germany, 46% patients were diagnosed with axSpA if
HLA-B27 is the only referral parameter, about half of which were classified as having
AS [235]. When those two referral strategies were used in a study on patients from 16
countries, HLA-B27 showed a positive predictive value of 67.1% for axial SpA
diagnosis. Most patients diagnosed with axial SpA were classified as AS [236]. It was
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noted that referral based on HLA-B27 varied widely by country, likely due to the
limited access to HLA-B27 testing in some referral centers [236].
5.6. HLA-B27 and diagnosis delay
Delayed diagnosis (DD) has been reported with worse outcomes and unfavorable
treatment responses in patients with axial SpA [237]. The lower DD in Italian female
AS patients in comparison to that in male was likely related to higher HLA-B27
positivity in female [158]. DD of AS in HLA-B27-negative patients was reported
significantly longer than HLA-B27-positive patients [170,238]. Positive HLA-B27
may lead to more progressive disease and subsequently, earlier diagnosis. In addition,
positive HLA-B27 may be a reason for evaluating patients more precisely, leading to
earlier diagnosis [238].

6. Overall Literature Review Conclusions
6.1. Analytical performance of the HLA typing and HLA antibody detection
devices
Our literature review included studies that evaluated the analytical performance of
FDA-cleared HLA devices used in the setting of transplantation and transfusion.
These studies provide important information regarding assay specificity,
reproducibility, comparability and potential interference for HLA antibody detection
devices.
Overall, the studies showed that these devices performed comparably with some
showing advantage over others in terms of sensitivity and specificity. Some factors,
such as denatured HLA antigens presented on the beads, prozone effect and
interferences, may affect HLA antibody detection. Because of the widespread
polymorphism of the HLA system, test results may be variable. In addition, HLA
typing ambiguities remains as a major challenge with many devices. Apparent false
negative or false positive HLA molecular typing results may need further
investigation to rule out possible new alleles.
6.2. Clinical use of HLA devices in transfusion, transplantation and disease
diagnosis
HLA assays have been widely used to aid donor and recipient matching in transfusion
and transplantation. The studies generally revealed that HLA assays are important in
matching of donors and patients, mitigating transfusion reactions such as TRALI, and
for the diagnosis of diseases such as Ankylosing Spondylitis. We identified relatively
few studies evaluating the use of FDA-cleared HLA typing devices in clinical
settings. This may be due in part to the fact that the practice of HLA
antigen/molecular typing is widely accepted and has been utilized for many years.
While it is recognized that other factors can influence clinical outcome, these studies
showed that HLA mismatch negatively impacted patient outcome. Many other studies
examined the association of preformed HLA antibodies and clinical outcome. In
general, the presence of HLA antibodies in patients or donors, especially DSA, is
associated with worse clinical outcomes. In addition, identifying and considering
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HLA antibodies with no clinical impact may lead to unjustified exclusion of potential
donors.
Due to the role of immune system in many diseases, certain HLA types are associated
with an increased risk for disease. The association of HLA-B27 and AS provides a
good example of the use of HLA test results to support disease diagnosis. Incorrect
HLA-B27 test results may affect or delay AS diagnosis.
6.3. Risks associated with HLA devices
While studies showed acceptable analytical performance of HLA devices and
widespread clinical use, several device limitations identified may cause false positive
or false negative HLA test results. Such results could lead to adverse patient
outcomes, poor graft survival, transfusion reactions, or incorrect or delayed diagnosis
of related conditions.
6.4. Discussions of Strengths and Limitations
There were notable strengths in the papers reviewed. Many studies assessed the
analytical performance of HLA devices and provided information on potential
limitations. There were multiple studies that examined the use of HLA devices in
select clinical populations and its usefulness as an aid to disease diagnosis and donor
matching.
In terms of limitations, we were unable to include many articles in the literature
review because it was unclear whether FDA cleared devices were used in the studies.
6.5. Conclusions
Based on our systematic review of the literature, we found studies that examined the
analytic performance and clinical use of HLA devices and their associated risks. Our
literature review showed that FDA-cleared HLA devices appear to be safe and
effective, and play an important role to aid donor and recipient matching and disease
diagnosis. Device limitations can lead to incorrect HLA testing results that may
negatively affect patient care.
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Figure 1: Workflow of article selection described in Section 1.1
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Figure 2: Workflow of article selection described in Section 1.2.
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