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Luminex single antigen bead (SAB) kits from One Lambda (OL) and Lifecodes

(LC) are widely used for HLA antibody detection but have substantial differ-

ences in design and assay protocol resulting in different mean fluorescence

intensity (MFI) values. Here, we present a non-linear modeling approach to

accurately convert MFI values between two vendors and to establish user-

independent MFI cutoffs when analyzing big datasets. HLA antibody data

from a total of 47 EDTA-treated sera tested using both OL and LC SAB kits

were analyzed. MFI comparisons were made for the common 84 HLA class I

and 63 class II beads. In the exploration set (n = 24), a non-linear hyperbola

model on raw MFI corrected by locus-specific highest self MFI subtraction

yielded the highest correlation (class I r2: 0.946, class II r2: 0.898). Performance

of the model was verified in an independent validation set (n = 12) (class I r2:

0.952, class II r2: 0.911). Furthermore, in an independent cohort of post-

transplant serum samples (n = 11) using the vendor-specific MFI cutoffs dic-

tated by the current model, we found 94% accuracy in bead-specific reactivity

assignments by the two vendors. We recommend using the non-linear hyper-

bola modeling approach with self HLA correction and locus-specific analyzes

to harmonize MFI values between two vendors in particular research datasets.

As there are considerable variations between the two assays, using MFI con-

version for individual patient samples is not recommended.

KEYWORD S
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1 | INTRODUCTION

Luminex single antigen bead (SAB) assays serve as excel-
lent tools to define HLA antibody specificities owing to

Abbreviations: ABMR, antibody-mediated rejection; BCM, background
corrected mean fluorescence intensity; EDTA,
ethylenediaminetetraacetic acid; LC, lifecodes/immucor; MFI, mean
fluorescence intensity; NGS, next-generation sequencing; OL, One
Lambda; SAB, single antigen bead.
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their high specificity and sensitivity. Currently, SAB
assays are commercialized by two vendors, One Lambda
(OL) and Lifecodes-Immucor (LC). Both vendors provide
mean fluorescence intensity (MFI) values as the readout
for antibody binding to the SAB. Despite being a semi-
quantitative readout, MFI values are frequently used as a
cutoff for clinical decision making.1 However, differences
in manufacturing process (e.g., antigen density and integ-
rity coated on beads) and test protocol of SAB assays
between two vendors can lead to variances in MFI values.
Therefore, utilization of haphazardly selected MFI values
as cutoffs, using a single cutoff for both class I and class
II, or using a generic cutoff based on the experience with
only one vendor may lead to misinterpretation of SAB
results.2–4

Thus far, the two vendors' SAB results have been
compared in a few studies in which either an MFI range
resulting in best agreement between two vendors was
explored or a single cutoff for both vendors was used to
assign positives.5–7 While the optimum MFI cutoff for
best agreement between two vendors was proposed to be
between 1000 and 1500 MFI by Reed et al.7 Clerkin et al.
showed an increase in agreement between two vendors
when the MFI cutoff for positive antibody assignment
was 4000 instead of 1000.6 Moreover, authors used linear
regression models in these studies to assess the correla-
tion of MFI values between two vendors. Noteworthy,
there have been no studies providing a strategy to model
the relationship of two vendors' MFI values enabling con-
version of MFI from one vendor to another.

Many centers use kits from both vendors simulta-
neously or switch from one to another, necessitating har-
monization of the MFI values from two vendors. In the
current study, we aimed to generate a method to apply
when harmonizing cutoffs between MFI values of two
Luminex SAB vendors in big datasets of HLA antibody
results is required. To this aim, we first developed a non-
linear hyperbola model to better understand how MFI
values from two different vendors behave with respect to
each other in a given dataset and then used this model to
establish data-driven, comparable, vendor-specific cutoffs
completely independent of users' experience with one or
the other vendor.

2 | MATERIALS AND METHODS

2.1 | HLA typing and antibody data
recruitment

HLA antibody and typing data from HLA-immunized
individuals were retrieved from the local HLA laboratory,
Leiden, the Netherlands with informed consent for the

use of their data. HLA antibody and typing data from a
total 47 HLA-sensitized individuals were included in the
study. HLA antibody data from serum samples of
pregnancy-immunized women were analyzed in explora-
tion (n = 24) and validation sets (n = 12). For further
validation, as well as for determining clinical utility, post-
transplant HLA antibody data from sensitized kidney
transplant patients (n = 11) were analyzed.

HLA antibody data were generated by different tech-
nicians using various lots of Luminex SAB kits within a
3-year time period (Table S1). Luminex HLA class I and
II SAB kits from both OL (LabScreen, One Lambda Inc.,
Canoga Park, CA, USA) and LC (LSA, Immucor Trans-
plant Diagnostics, Stamford, CT, USA) were used upon
pre-treatment of serum with ethylenediaminetetraacetic
acid (EDTA), at a final concentration of 8 mM. For LC
SAB test, 7.5 μL serum was mixed with 30 μL class I or II
beads and tested by a previously described protocol using
75% of reagents.8 Data were analyzed using MATCH IT!
antibody software version 1.3.1 (Immucor). Results were
expressed as raw MFI or background-corrected MFI
(BCM). For the OL SAB test, 20 μL serum was mixed
with 4 μL class I or II beads and further tested as recom-
mended by the manufacturer. Data were analyzed using
HLA FUSION antibody software version 3.4.18 (One
Lambda). Results were expressed as raw or baseline
(normalized) MFI.

HLA typing data of pregnancy immunized serum
donors were generated by complement-dependent cytotox-
icity method for class I, and by low resolution polymerase
chain reaction using sequence-specific oligonucleotides for
class II, as described elsewhere.9,10 In cases where self HLA
typing was missing for a particular locus, typing was com-
pleted based on linkage with other loci where possible.
HLA typing data of all patients and donors in the trans-
plantation cohort were generated by next–generation
sequencing (NGS) for HLA–A, B, C, DRB1, DRB3/4/5,
DQB1, DQA1, DPB1, and DPA1 loci on Illumina platform
(Illumina, San Diego, CA) using NGSgo kits (GenDx,
Utrecht, the Netherlands), as previously described,11 allow-
ing for accurate HLA mismatch identification between the
patients and donors.

2.2 | Model construction and statistical
analyzes

For determining the relationship between the MFI values of
two vendors, regression analysis was used. Two approaches
were investigated: linear and hyperbola regression.

The r-squared (r2) was used as a measure of goodness
of fit of the models. This described how close the data
points were to the fitted curve that was subsequently
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used for interpolation. Interpolations enabled finding the
equivalent MFI in one vendor for a theoretical MFI in
the other vendor's test. Beads outside the 95% prediction
intervals where defined as outliers.

Several MFI cutoffs for one vendor with the interpo-
lated MFI from the other vendor were used to investigate
the agreement in the assignment of positive or negative
beads. The level of agreement was analyzed with the use of
sensitivity, specificity, accuracy, and the phi coefficient.

Scatter plots were used to visualize the data and the
models with linear and log-2 scales. Analyzes were per-
formed with Graphpad Prism (version 9.0.1).

3 | RESULTS

3.1 | Non-linear hyperbola model with
correction for self HLA fits the data better
than a linear model

To determine the optimal model with the highest goodness
of fit, we compared linear and non-linear regression models,
applied on background adjusted MFI values of 84 common
HLA class I beads in the exploration cohort (n = 24).

Whereas the linear modeling approach on back-
ground adjusted MFI values (baseline MFI in OL and
BCM in Lifecodes) resulted in an r2 = 0.753, the non-
linear hyperbola model led to an r2 = 0.907 (Figure 1A).
Each vendor has their own way of background adjust-
ment on raw MFI values, which may introduce bias.
Therefore, we applied the models on raw MFI values.
Figure 1B shows that application of the non-linear

hyperbola model on raw MFI values further increased
the goodness of fit to an r2 value of 0.917. Therefore, all
further analyzes were performed on raw MFI values from
both vendors.

As we aimed our model to be applicable to all sam-
ples regardless of possible background noise, we next
applied background correction for self HLA by subtract-
ing the highest locus-specific self HLA bead MFI from
raw MFI. In case of missing locus-specific HLA typing,
we used the bead with the lowest locus-specific MFI for
correction. This background correction not only resolved
the background noise for HLA class I (Figure S1A), but
also led to an improvement in r2 values reaching 0.946
for HLA class I (Figure S1B), (Table 1). Interestingly,
when we performed a locus-specific analysis using the
self HLA-corrected non-linear hyperbola model, we espe-
cially found a major improvement for HLA-C. Whereas
for HLA-A (r2 = 0.907) and HLA-B (r2 = 0.935) loci, self
HLA correction led to a minor improvement (HLA-A
r2 = 0.933 and HLA-B r2 = 0.953), r2 values for HLA-C
increased from 0.684 to 0.889 upon self HLA correction
(Table 1).

For HLA class II, we analyzed 63 common HLA class
II-coated beads between two vendors. Analysis using the
non-linear hyperbola model with or without self-HLA
correction resulted in r2 = 0.898 in comparison to
r2 = 0.843 by the linear model. Locus-specific analyzes
using the self HLA-corrected non-linear hyperbola model
revealed r2 value of 0.945 for HLA-DR, 0.894 for HLA-
DQ and 0.944 for HLA-DP (Table 1).

To verify these results, we tested both the linear and
non-linear modeling approaches on an independent set

FIGURE 1 Non-linear model optimally fits the data. Linear and non-linear regression models for common HLA class I beads on

(A) background corrected/baseline MFI; (B) raw MFI. The linear model is depicted in red and the non-linear hyperbola model is depicted in

green.
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of samples from pregnancy-immunized women (valida-
tion cohort, n = 12). As shown in Table 1, the non-linear
hyperbola model again yielded higher r2 values for both
HLA class I (0.934) and HLA class II (0.901) when com-
pared to the linear model (HLA class I r2 = 0.764, HLA
class II r2 = 0.798). Self HLA correction in combination
with the hyperbola model resulted in even higher r2

values (HLA class I: 0.952 and HLA class II: 0.911).

3.2 | Interpolations: From One Lambda
to Lifecodes and vice versa

Having achieved highest r2 values for both HLA class I
and class II using the hyperbola model with self-HLA
correction on raw MFI, we then performed interpolations
from 1000 and 3000 MFI LC to OL as well as from 3000
and 8000 OL MFI to LC (Table 1).

Interpolations from self HLA-corrected raw MFI of
1000 in LC corresponded to higher OL MFI values for
HLA class I (5044) and HLA class II (2756) in the explo-
ration as well as validation sets (HLA class I: 6158 and
HLA class II: 3943).

Locus-specific interpolations from 1000 LC MFI in
the exploration set revealed that OL MFI values for
HLA-A (4942) and HLA-B (5010) were relatively close to
each other while HLA-C was remarkably different
(6647). Within HLA class II, 1000 MFI in LC corre-
sponded to closer values in OL for HLA-DR (2141) and
HLA-DP (2005) whereas interpolated MFI for HLA-DQ
(5079) was rather discrepant. Similarly, interpolations
from 1000 LC MFI to OL in the validation cohort resulted
in HLA-C locus corresponding to the highest MFI (7574)
whereas MFI values for HLA-A (5995) and HLA-B (6074)
loci were relatively close to each other. Interpolations
from 3000 LC MFI resulted in 10,830 and 12,280 OL MFI
for HLA class I in exploration and validation sets, respec-
tively, while corresponding to 7016 and 8892 for HLA
class II. Locus-specific interpolations from 3000 MFI in
LC revealed similar trends to interpolations from 1000
LC MFI in both exploration and validation sets.

When interpolations from 3000 OL MFI were performed,
the corresponding MFI value in LC was lower for HLA class
I (540) than HLA class II (1098) in the exploration as well as
validation set (HLA class I MFI: 415, HLA class II MFI: 726).
Likewise, interpolations from 8000 OL MFI resulted in 1846
and 1445 LC MFI for HLA class I in exploration and valida-
tion set, respectively, while corresponding to 3568 and 2547
for HLA class II (Table 1). Further locus-specific interpola-
tions from OL to LC in both exploration and the validation
sets revealed a similar picture to interpolations from LC to
OL regarding HLA-C within class I and HLA-DQ within
HLA class II being the most discrepant loci.T
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3.3 | Divergent beads: Are there any?

Considering the significant differences in interpolated MFI
within different loci, we applied locus-specific cutoffs based
on interpolations and assessed the sensitivity, specificity
and accuracy of the assignments between two vendors.
Overall, when LC (1000 and 3000 MFI) and interpolated
OL MFI values were used as cutoffs, median specificity,
sensitivity and accuracy were 98.0% (range:95.5%–99.6%),
92.2% (range: 68.6%–94.9%) and 96.5% (range: 93.5%–
98.5%) in exploration and 98.7% (range: 96.4%–100%),
92.3% (66.7%–100%) and 98.3% (range: 94.0%–99.4%) in val-
idation sets, respectively. Likewise when OL (3000 and
8000 MFI) and interpolated LC MFI were established as
cutoffs in exploration set, a median specificity of 97.8%
(range: 94.7–99.7%), sensitivity of 93.4% (range: 72.5%–
100%) and accuracy of 96.6% (92.3%–99.7%) were found.
Similarly in validation set, a median specificity of 99.2%
(range: 95.9%–100%), sensitivity of 91.9% (range: 86.1%–
100%) and accuracy of 97.2% (94.8%–99.4%) were found.
Moreover, concordance between the two vendors was also
confirmed by the median phi coefficient (rφ) of 0.906
(range: 0.681–0.988) in all groups in both directions
(Table 2A and 2B). In addition, despite resulting in very
low (<500) interpolated LC MFI values, we also included
1000 OL MFI (Table 2B) to this analysis as it is a com-
monly used cutoff in many HLA laboratories. While
median sensitivity, specificity and accuracy were compara-
ble between exploration (98.0%, 92.0% and 94.6%) and vali-
dation cohorts (98.4%, 89.6% and 94.5%) at this cutoff,
sensitivity tended to be the lowest at 1000 OL MFI and
interpolated MFI cutoff in comparison to higher cutoff
values for HLA-C and HLA-DQ both in exploration (67.1%
and 89.6%) and validation (79.5% and 83.7%) sets.

Lastly, we investigated whether there were outlier
beads that were outside the 95% prediction intervals. To
do this, for a given MFI value in one vendor (LC: 1000 or
OL: 3000), we compared the observed MFI with the
expected (predicted) MFI in the other vendor. As a result,
we found several beads multiple times outside the predic-
tion intervals. However, only a few were exclusively above
or below the expected values occurring ≥2 times in both
cohorts, as shown in Table S2A. These were HLA-class I
beads coated with B*42:01, B*46:01, B*47:01, B*48:01, and
C*05:01 and HLA-class II beads coated with DRB1*01:01,
DQB1*05:01-DQA1*01:01 and DQB1*06:01-DQA1*01:03.
Remarkably, not all discrepancies in MFIs of above-
mentioned beads resulted in disagreement of the assign-
ments between the two vendors (Tables S2B and S2C), sug-
gesting adequate overlap between vendors. There were no
beads negative in both exploration and validation cohorts,
indicating the complete representation of all specificities
among common beads (data not shown).

3.4 | Agreement in bead-specific
reactivity assignment using a
transplantation cohort

As a second validation step, we applied the non-linear
hyperbola model with self HLA correction to the data of
a cohort of 11 post-transplant serum samples and again
found higher r2 values for both HLA class I (0.939) and
class II (0.925) in comparison to those obtained when lin-
ear models (HLA class I r2 = 0.817; HLA class II
r2 = 0.891) were used.

Next, we defined the HLA mismatches between patients
and donors (Table S3) and compared the bead reactivity spe-
cific for each mismatched HLA between SAB kits according
to cutoffs based on 1000 LC MFI and locus-specific interpola-
tions to OL, as dictated by the non-linear hyperbola model of
the transplantation cohort. After excluding donor antigens
not included in SAB panels as well as the ones correspond-
ing to beads that were not common between the vendors,
bead-specific reactivity for a total of 87 HLA mismatches was
assessed. Based on the 1000 MFI LC and the interpolated OL
cutoffs, a total of 20 bead-specific reactivity were assigned
positive and 62 were assigned negative by both vendors
reaching up to an overall agreement of 94%. Disagreement
between two vendors were found for 5 bead-specific reactiv-
ity (6%), 4 of which were only positive by LC and 1 were only
positive by OL. While 2 out of 5 beads in disagreement had a
clear MFI discrepancy between the two vendors
(DRB3*01:01 and DQB1*02:01-DQA1*05:01), the remaining
three beads had borderline positivity either on one vendor's
side (A*01:01) or by both vendors (DRB1*07:01 and C*01:02)
(Table 3, upper panel).

When we used 3000MFI OL and the interpolated LC cut-
offs, an agreement of 93% for a total of 81 beads was found
(positive = 21, negative = 60) between two vendors. Dis-
agreement was found for a total of 6 beads (7%), 5 of which
were only positive by LC and 1 was only positive by OL. Four
out of 6 beads in disagreement at this cutoff (A*01:01,
DRB1*07:01, DRB3*01:01 and DQB1*02:01-DQA1*05:01) were
also found to be in disagreement when the above-mentioned
1000 MFI LC and interpolated OL MFI cutoffs were used.
Remaining two beads had borderline positivity on one ven-
dor's side (C*03:04 and DQB1*05:02-DQA1*01:02) (Table 3,
lower panel).

3.5 | Performance of the original
hyperbola model when employed on
different cohorts

We next investigated whether the model developed using
the dataset in the exploration cohort could be used on
another dataset generated using the same Luminex SAB
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test protocol. To explore the performance of the model on
independent datasets, we applied the non-linear hyper-
bola model developed in the exploration set onto the vali-
dation and transplantation sets. As shown in
Figure 2A,B, applying the hyperbola model of the explo-
ration set on validation set yielded r2 values of 0.940 and
0.892, for HLA class I and class II, respectively. These
values were similar to the original validation set model
applied on the validation set itself (class I r2 = 0.952 and
class II r2 = 0.911), indicating consistency of the model.
Moreover, by applying the original model developed
using the exploration set to transplantation cohort, we
were able to confirm the consistency of the model, as
depicted by r2 values of 0.932 and 0.900 for HLA class I
and class II, respectively, which were almost identical to
r2 values the original model of transplantation dataset
(class I r2 = 0.939 and class II r2 = 0.925) (Figure 2C,D).
This finding was further explored by using cutoff values
generated in exploration and validation cohorts to asses
bead-specific reactivity assignments in transplantation
cohort. As shown in Table 3, assignments overlapped for
all bead-specific reactivities except for DRB1*07:01 bead
which had borderline positivity.

4 | DISCUSSION

Interpretation of luminex SAB test results partially relies
on assessment of MFI values in combination with
patient-donor specific information.1,3,12 Two vendors pro-
vide several outputs in their analysis software deriving
from employment of different means of corrections on
raw MFI values.13 These outputs include baseline MFI
and normalized background (NBG) ratio in HLA
FUSION (OL) and BCM, antigen density-corrected BCM
(AD-BCM) as well as ratios of raw MFI or BCM to the
lowest ranked antigen values of the SAB panel in
MATCH IT! (LC). These parameters can be used on their
own or in combination to assign an antibody positive or
negative.14

So far, few studies compared the performance of SAB
kits from the two vendors.5,6 In these studies, linear
regression was used for modeling the relationship
between baseline MFI in OL and BCM in LC with corre-
lations reaching up to a maximum of r2 = 0.693. Here,
using a non-linear hyperbola model on baseline/back-
ground-corrected as well as raw MFI for HLA class I, we
show a significantly higher correlation with r2 values
reaching up to = 0.907 and 0.917, respectively, clearly
revealing the non-linear relationship of MFI values
between the two vendors’ output.

Although vendors have greatly improved their SAB
kits over the years, interpretation of SAB assay resultsT
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can still be challenging due to technical problems such as
complement interference and prozone effect.15–18 In a
recent study comparing luminex SAB kits from the two
vendors, 11 out 125 serum samples analyzed were found
to be responsible for 80% of the outliers between the two
SAB assays.6 Noteworthy, no correlation (r2 = 0.0008) for
class I and a very weak correlation (r2 = 0.063) for class
II were found in these samples at initial testing whereas
further dilution of the samples in OL kit improved both
class I (r2 = 0.693) and class II (r2 = 0.383) correlations,
indicating a prozone effect in OL SAB assay.6

While such a prozone effect in OL SAB assay could be
attributed to the higher serum/bead ratio in the test pro-
tocol, issues related to lot-to lot variability of SAB kits,
inter-machine variability, non-specific background noise
in samples as well as those related to antigen density and
integrity on beads can still complicate analyzes in both
vendors.7,14,19–22 In our study, EDTA treated samples
were tested using various lots of SAB kits from both ven-
dors over a 3-year time period, on the same Luminex
machine, excluding inter-machine variability. For Life-
codes, we used a 25% reduced reagent assay protocol.
Reduction of assay reagents upto 50% have been shown
to be comparable to 100% of the reagents by Kamburova
et al,8 suggesting that using a reduced reagent test proto-
col had no influence on the performance of the model.
We did not consider lot-to-lot variability in this study
however we paid close attention to the background noise

observed in a few samples. These samples had relatively
higher negative control bead values and reactivity to self
HLA-coated beads.14,21 Rather than excluding these sam-
ples from the analyzes, we applied a correction by sub-
tracting raw MFI of the highest locus-specific self-HLA
coated bead from the corresponding locus-specific beads.
This approach not only resolved the noise in our dataset
and enabled us to analyze all our data, but also led to an
improved correlation (r2 = 0.946).

Overall, a good correlation and agreement have been
found between two vendors' SAB kits in previous stud-
ies.6,7 By setting one of the vendor's SAB kit as the
“truth” for HLA antibody positivity, Reed et al found an
agreement of 90% for both HLA class I and class II using
receiver operating characteristic (ROC) analysis.7 Impor-
tantly, further locus-specific analyzes revealed the poor-
est area under the curve for HLA-C and HLA-DQ. In the
current study, we found lower r2 values for HLA class II in
comparison to class I in all datasets analyzed. In addition,
interpolated MFI values for HLA class II were found to be
closer to each other between OL and LC than those of class
I. Within HLA class II, HLA-DQ was the most discrepant
locus with the lowest correlation coefficients in both explo-
ration (r2 = 0.894) and validation (r2 = 0.846) cohorts.
These results led us to utilize locus-specific cutoffs for
assessment of antibody assignments between the vendors.

MFI values lower than 3000–4000 are commonly
reported to have less agreement in antibody

TABLE 3 Disagreements in bead-specific reactivity assignments corresponding to mismatched donor HLA in transplantation cohort.

MFI observed Cut-off Bead-specific reactivity assignment

Patient # Bead LC OL LC
int OL
(tx)

int OL
(exp)

int OL
(val) LC

OL
(tx)

OL
(exp)

OL
(val)

Cutoff: Lifecodes (1000 MFI) and interpolated OL MFI

7 A*01:01 1121 223 1000 3479 4942 5994 pos neg neg neg

4 C*01:02 1260 6122 1000 6403 6646 7574 pos neg neg neg

3 DRB1*07:01 1028 2328 1000 3073 2141 2895 pos neg pos neg

9 DRB3*01:01 3529 32 1000 3073 2141 2895 pos neg neg neg

7 DQB1*02:01-DQA1*05:01 293 13,775 1000 4083 5078 6392 neg pos pos pos

Cutoff: One Lambda (3000 MFI) and interpolated LC MFI

7 A*01:01 1121 223 3000 621 556 439 neg pos pos pos

11 C*03:04 892 2952 3000 331 366 291 neg pos pos pos

3 DRB1*07:01 1028 2328 3000 738 1435 1041 neg pos neg neg

9 DRB3*01:01 3529 32 3000 738 1435 1041 neg pos pos pos

7 DQB1*02:01-DQA1*05:01 293 13,775 3000 662 531 372 pos neg neg neg

7 DQB1*05:02-DQA1*01:02 807 32 3000 662 531 372 neg pos pos pos

Note: Common beads of disagreement at different cutoffs are underlined. Assignments in transplantation cohort were done according to the cutoffs dictated by
the model generated within the transplantation (tx) dataset itself as well as using cutoffs dictated by the models generated in exploration (exp) and validation
(val) datasets.
Abbreviations: int, interpolated; LC, Lifecodes; MFI, Mean fluorescence intensity; neg, negative; OL, One Lambda; pos, positive.
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assignments.4,6,7 In a previous study, an MFI cutoff
ranging between 1000 and 1500 has been shown to
result in an accuracy varying from 86% to 93% for both
class I and class II, suggesting an excellent agreement
between the two kits.7 However, further stratification
up to 3000 MFI revealed larger variability for MFI dis-
tribution between the two vendors. In the current
study, we established cutoffs using interpolated MFI
values from LC (1000 and 3000) and OL (3000 and
8000). At all cutoff values applied in both directions for
both HLA class I and class II, we found an excellent
median specificity (99%), sensitivity (93%) and accuracy
(98%), suggesting that our current model for establish-
ing cutoffs was effective not only at higher MFI values

but also at intermediate and low MFI where decision
making is complicated.

In addition, we also determined outliers consistently
present in both exploration and validation sets and found
only few beads with MFI values outside the 95% predic-
tion interval.

In the current study, we chose to present interpolations
from 1000 and 3000 MFI in Lifecodes as well as 1000, 3000
and 8000 MFI in One Lambda in both exploration and vali-
dation cohorts. Mathematical formulas used in our non-
linear hyperbola modeling approach as well as an “interpo-
lation calculator” allowing for conversion of different MFI
values than the ones presented here between two vendors
are provided as a separate Supplementary file (Data S2).

FIGURE 2 Performance of the non-linear hyperbola model on raw MFI values generated in the exploration cohort on independent

cohorts. The hyperbola model of the exploration cohort is depicted in red and the hyperbola models of validation and transplantation

cohorts are depicted in green. When HLA class I and class II-specific models of exploration cohort (red line) are employed onto independent

cohorts such as validation (A: class I and B: class II) or transplantation (C: class I and D: class II) as depicted by the green lines, the model of

the exploration set (red line) performs almost as good as the original models of validation and transplantation datasets.
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Determination of clinically relevant DSAs is the
ultimate goal in HLA antibody detection.23 In a cohort
of 100 post-transplant sera from kidney transplant sam-
ples, Bertrand et al compared the performance of OL
and LC SAB kits for predicting ABMR.5 Using their
usual cutoff of 500 MFI in OL also for LC, authors
found a better correlation for class II (r = 0.80) in com-
parison to class I (r = 0.63) for DSA assignment. This
contrasts with our results showing a higher overall cor-
relation for class I in comparison class II. However, one
should keep in mind that broadness of sensitization in
serum samples, differences in test protocols in addition
to the statistical model used for analyzes can have
affect these results. In their further analyzes modifying
their cutoff, Bertrand and colleagues suggested 2705
baseline MFI in OL and 473 BCM in LC to be the most
comparable value for predicting ABMR between two
vendors.

We studied HLA antibody data of a cohort of 11 post-
transplant serum samples to assess the performance of
our model for assignments of bead reactivities specific for
each mismatched HLA using the locus-specific 1000 LC
and 3000 OL MFI and corresponding interpolated MFI
values as cutoffs. The model at each cutoff yielded overall
an excellent agreement with 94% and 93% accuracy in
DSA assignments between the two vendors, respectively.
Among the 5 discrepant beads at 1000 LC MFI and inter-
polated OL cutoff, 3 beads were at borderline positivity in
one or both SAB assays. Significantly high MFI values in
one vendor while being undoubtedly negative for the
other vendor in the remaining 2 beads (DRB3*01:01 and
DQB1*02:01-DQA1*01:01) can result from the differences
in the amount of antigen coated on beads, as well as reac-
tivity to cryptic epitopes leading to false positives.3,24–27

Noteworthy, at 3000 OL MFI and interpolated LC cutoff,
4 of the 6 discrepant beads were the same beads found to
be discrepant at 1000 LC MFI cutoff in addition to 2 beads
at borderline positivity. Furthermore, application of
exploration and validation set-specific cutoffs to the
transplantation dataset resulted in exactly the same
assignments in all beads except one (DRB1*07:01) which
was at borderline positivity according to transplant data-
set specific cutoffs. These result once again confirm the
performance of the model.

To our knowledge, this is the first study to provide a
non-linear modeling approach enabling conversion of
MFI values between two vendors and establishing user-
independent, dataset-specific MFI cutoffs. The current
model will help to establish comparable MFI cutoffs for
the two different kits, at least on the population level for
studying large datasets. While, we strongly suggest anti-
body pattern analyzes for accurate HLA antibody assign-
ments in individual patient samples, one should bear in
mind that variation in the two assays per specificity

precludes MFI conversion from one vendor to the other
for individual patients.
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