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Background: Myelin oligodendrocyte glycoprotein antibodies (MOG Ab) are essential in the diagnosis of MOG

Ab–associated disease (MOGAD). Live cell-based assays (CBAs) are the gold standard for MOG Ab detection with

improved sensitivity and specificity over fixed CBAs. A number of testing centers have used flow cytometry for its

high throughput and quantitative utility. Presently, there is increasing demand to translate these research-based

methods into an accredited routine diagnostic setting.

Methods: A flow cytometry live CBA was used to detect MOG Ab in patients with demyelination. Serostatuses

were compared between a research-based assay and a streamlined diagnostic assay. Inter-laboratory validation

of the streamlined assay was performed in an accredited diagnostic laboratory. Further streamlining was per-

formed by introducing a borderline serostatus range and reducing the number of controls used to determine the

positivity threshold.

Results: High serostatus agreement (98%–100%) was observed between streamlined and research-based assays.

Intra- and inter-assay imprecision was improved in the streamlined assay (mean intra- and inter-assay CV ¼ 7.3%

and 27.8%, respectively) compared to the research-based assay (mean intra- and inter-assay CV ¼ 11.8% and

33.6%, respectively). Borderline positive and clear positive serostatuses were associated with confirmed
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phenotypes typical of MOGAD. Compared to using 24 controls, robust serostatus classification was observed

when using 13 controls without compromising analytical performance (93%–98.5% agreement).

Conclusions: Flow cytometry live CBAs show robust utility in determining MOG Ab serostatus. Streamlining and

standardizing use of this assay for diagnostics would improve the accuracy and reliability of routine testing to aid

diagnosis and treatment of patients with demyelination.

INTRODUCTION

Myelin oligodendrocyte glycoprotein antibodies
(MOG Ab) are an important biomarker of central
nervous system demyelinating disorders and have
been identified in children with acute dissemi-
nated encephalomyelitis (1–3), and both children
and adults with opticospinal lesions including op-
tic neuritis (ON) and transverse myelitis (4–8).
Relapses occur in 30% to 50% of patients with
MOG Ab–associated disease (MOGAD) (9–11).
Retrospective studies show that early diagnosis
and appropriate immunotherapy is critical to im-
prove clinical outcomes (10, 12).
There is increasing demand for routine diagnos-

tic MOG Ab testing. Cell-based assays (CBAs) have
paved the way for accurate MOG Ab detection us-
ing conformational human MOG (2, 13, 14). CBAs
that utilize live cells are the gold-standard method
for MOG Ab detection (15, 16). While CBAs using
fixed cells are easier to distribute commercially

without the need for live cell culture, several stud-
ies have documented that fixed CBAs have lower
sensitivity and specificity compared to live CBAs (9,
15–17). Flow cytometry live CBAs for high-
throughput, objective, and quantitative MOG Ab
detection have been previously reported (9, 17).
However, translation of these research assays to
pathology-based diagnostics has proven difficult
due to variations in CBA protocols, data analyses,
and positivity thresholds (18).
In this study, we have optimized an in-house

high-throughput flow cytometry live CBA for
translation to an accredited MOG Ab diagnostic
test. We demonstrate utilization of a stream-
lined assay that provides robust serostatus
determination and improved analytical impreci-
sion with significantly reduced workload. The
clinical translation of this flow cytometry live
CBA for MOG Ab detection is essential to meet
increasing demands for the diagnosis of
MOGAD patients.

IMPACT STATEMENT

The differential diagnosis of myelin oligodendrocyte glycoprotein antibody (MOG Ab)-associated disease

(MOGAD) from multiple sclerosis and neuromyelitis optica spectrum disorders relies on the detection of

serum MOG Ab. Live cell-based assays (CBA) are recognized as the gold standard. However, translation of

these research assays to diagnostics is difficult due to protocol variations, analyses, and positivity cutoffs.

We have optimized a high-throughput flow cytometry live CBA with downstream data analyses to stream-

line assay implementation to an accredited diagnostic test. This assay provides robust serostatus determi-

nation and improved analytical imprecision with significantly reduced workload.
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MATERIALS AND METHODS

Patient and Control Samples

Age-matched control sera (children, n¼ 24;
adults, n¼ 24) were derived from healthy subjects,
general medical patients, and patients with nonin-
flammatory neurological disorders. Sera from
patients with demyelination were collected for
MOG Ab testing under a waiver of consent
granted by the Sydney Children’s Hospital
Network Human Research Ethics Committee in ac-
cordance with the National Statement on Ethical
Conduct in Human Research. Demyelination
cohorts for assay validation and inter-laboratory
experiments have been previously described as
MOG Ab-negative (pediatric sera, n¼ 24; adult
sera, n¼ 23) and MOG Ab-positive (pediatric sera,
n¼ 58; adult sera, n¼ 54), with MOG Ab-positive
sera previously reported with MOGAD pheno-
types (9). Adult sera tested between February
2019 and February 2020 (n¼ 1893) in a research-
based setting were used for borderline range and
reduction of controls analyses. Of these 1893
sera, confirmed clinical phenotypes were available
for 74 MOG Ab-positive sera and included acute
disseminated encephalomyelitis, ON (bilateral, uni-
lateral), transverse myelitis, and other previously
reported MOGAD phenotypes (9, 12, 19), and clini-
cal information was collected at the time of re-
quest for 1245 sera. This included patients with
ON, multiple sclerosis, myelitis, and demyelination
not otherwise specified (see Supplemental Table 1
in the online Data Supplement).

Flow Cytometry Live Cell-Based Assays to
Detect MOG Ab

Two variations of a high-throughput flow cytom-
etry live cell-based assay (flow CBA) were used to
detect MOG Ab in sera: (a) a research-based flow
CBA involving human embryonic kidney 293 cells
expressing MOG (MOGþ ZsGreenþ) and an
empty vector-transduced control (Ctrl ZsGreenþ),

with each cell line assayed in separate wells and
(b) a streamlined flow CBA involving MOGþ
ZsGreenþ and an empty vector-transduced con-
trol with an alternative mCherry fluorescent
marker (Ctrl mCherryþ), with cells assayed in the
same well (Fig. 1, A). Herein, each assay is referred
to as (a) the research-based flow CBA and (b) the
streamlined flow CBA. Sera diluted at 1:50 were in-
cubated with cells and stained with an Alexa Fluor
647–conjugated goat anti-human IgG (Hþ L)
(1:100). Delta median fluorescence intensity
(DMFI) values were obtained by gating for the
high-expressing cells based on their intracellular
fluorescent marker (ZsGreen or mCherry) and
then subtracting the Alexa Fluor 647 median fluo-
rescence intensity of Ctrl cells from MOGþ cells.
Sera were considered MOG Ab-positive if the
DMFI value obtained was above the positivity
threshold (4 SDs above the mean DMFI of 24 pedi-
atric or adult controls) (18).

Determining the Analytical Imprecision of
Flow Cytometry Live CBAs

The research-based and streamlined flow CBAs
were performed using age-matched control sera,
MOG Ab-negative patients, and MOG Ab-positive
patients with varying MOG Ab levels [þ, þþ, and
þþþ as defined in (9)]. All samples were tested in
triplicates in 3 independent experiments per-
formed 48h apart according to prior guidelines
(20). Repeatability (intra-assay imprecision) was
determined by calculating the CV in DMFI values
of sample triplicates within a single run, and re-
producibility (inter-assay imprecision) determined
by calculating the CV of the mean DMFI value of a
sample across replicate experiments.

Inter-laboratory Validation for Diagnostic
Translation of the Streamlined Flow CBA

The streamlined flow CBA was performed at the
Brain Autoimmunity Laboratory in the Children’s
Hospital at Westmead (Australia), and samples
were acquired using a high-throughput system-
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Fig. 1. High serostatus concordance between research-based and streamlined MOG Ab flow CBA. (A)
Schematic representation of the flow CBAs. MOG Ab serostatuses of (B) 82 pediatric and (C) 77 adult
sera with demyelinating disorders were determined. Horizontal line represents the positivity thresh-
old. Serum binding levels between assays were highly correlated (D and E). Representative values
are shown from 2 to 3 independent experiments.
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equipped Becton Dickinson LSR II flow cytometer.
For clinical validation, experiments were con-
ducted under accredited routine diagnostic condi-
tions in the Institute of Clinical Pathology and
Medical Research laboratory where the stream-
lined flow CBA is to be implemented. Samples
were acquired using a Beckman Coulter Gallios
flow cytometer.

Flow Cytometry Data Analysis

Data from the Becton Dickinson LSR II cytome-
ter were analyzed using FlowJo v10.6.1, and data
from the Beckman Coulter Gallios cytometer were
analyzed using FlowJo v10.6.1 and Kaluza Analysis
v2.1. Data were exported, analyzed, and plotted
using Microsoft Excel v16.4 and GraphPad Prism
v8.4.2.

Reduction of Control Cohort Size for
Positivity Threshold Determination

Twenty-four age-matched controls from a pool
of 32 were used in each of 45 experiments be-
tween February 2019 and February 2020. Control
subjects used in <10 experiments were excluded
from the analysis (n¼7). Six bins were created us-
ing quantile-based discretization on the control
sera binding compared to the positivity threshold
(DMFI/threshold) such that the first bin contained
controls with the lowest DMFI/threshold while the
last bin contained controls with the highest DMFI/
threshold. Control subjects were assigned to the
bin in which they appeared in most frequently
across all experiments (see Supplemental Table 2).
Regression analysis was performed to determine
the lowest number of controls that could be used
without adversely affecting serostatus classifica-
tion compared to 24 controls. Combinations of 8,
13, and 18 controls were chosen for ease of selec-
tion from the control bins. Controls were selected
from each bin in close proportion to that used in
the 24-control cohort. Each permutation of the
number of controls from each bin was tested to
determine the best and worst combinations for

that number of controls (see Supplemental Table
3). Detailed methodology to reduce controls is de-
scribed in Supplemental Method 1. The worst
combination of controls was defined as the com-
bination of control sera, which gave the most dis-
tant threshold from that calculated using 24
controls, while the best combination gave the
closest threshold to that calculated using 24 con-
trols across all experiments. Reduction to 13 con-
trols was deemed the lowest acceptable number
of controls.

Statistical Analysis

Serostatus agreement across flow CBA varia-
tions, inter-laboratory validation, and control re-
duction analyses was compared using Cohen’s
kappa (j) statistic of inter-rater reliability. Mann–
Whitney U tests were performed on intra- and in-
ter-assay CVs comparing the research-based and
streamlined assay imprecision. Equivocal serosta-
tuses were excluded from Cohen’s j statistic cal-
culation (see Supplemental Table 8).

RESULTS

High Concordance of MOG Ab Positivity
Between Research-Based and Streamlined
Flow CBAs

Research-based flow CBA was compared with
the streamlined flow CBA to observe any differen-
ces in MOG Ab serostatus classification. High
serostatus concordance was observed between
assays using pediatric (106/106; 100%, j val-
ue¼ 1) and adult sera (101/103; 98.1%, j val-
ue¼ 0.961) (Fig. 1 and Supplemental Table 4). All
24 pediatric and adult controls were MOG Ab-
negative across assays (Fig. 1, B and C). The pedi-
atric demyelination cohort consisted of 24 MOG
Ab-negative sera and 58 MOG Ab-positive sera
with concordant serostatus results (Fig. 1, B;
Supplemental Table 4). In the adult demyelination
cohort, 23 MOG Ab-negative and 54 MOG Ab-
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positive sera had concordant serostatus results
(Fig. 1, C; Supplemental Table 4). MOG Ab levels in-
dicated by the DMFI values from the research-
based flow CBA were highly correlated with those
obtained from the streamlined flow CBA in pediat-
ric (R2 ¼ 0.9704, P<0.0001) and adult cohorts
(R2¼0.9759, P< 0.0001) (Fig. 1, D and E).

Live CBAs Show Robust Repeatability and
Reproducibility

We evaluated the analytical imprecision of the
research-based flow CBA and streamlined flow
CBA for suitability in a diagnostic setting. The over-
all intra-assay imprecision was improved by 4.5%
in the streamlined assay (mean CV¼7.3%,
range¼ 1.1%–18.4%) compared to the research-
based flow CBA (mean CV¼11.8%, range¼ 0.8%–
50.1%) (Fig. 2, A; Supplemental Table 5). Lower in-
tra-assay variability in the streamlined flow CBA
was observed in age-matched controls, MOG Ab-
negative sera, and sera with þ and þþþ MOG Ab
levels. Sera with þþ levels of MOG Ab had slightly
higher intra-assay variability in the streamlined
flow CBA compared to the research-based flow

CBA. Inter-assay imprecision was improved by
5.8% in the streamlined flow CBA (mean
CV¼ 27.8%, range¼4.3%–47.1%) compared to
the research-based flow CBA (mean CV¼ 33.6%,
range¼ 8.1%–67.2%), and this was observed
across all groups (Fig. 2, B; Supplemental Table 5).
These differences in intra- and inter-assay impre-
cision between the assays were not statistically
significant across all groups. Overall, these data
demonstrate an improvement in repeatability and
reproducibility of the streamlined flow CBA, with
both research-based and streamlined flow CBAs
providing robust and consistent serostatus
classification.

Inter-laboratory Serostatus Was Highly
Concordant Using the Streamlined Flow CBA
in an Accredited Laboratory

We compared MOG Ab levels and serostatus
obtained in our research laboratory with data
obtained in an accredited pathology laboratory.
High serostatus concordance was observed in pe-
diatric (56/56; 100%) and adult sera (56/56; 100%)
tested in both laboratories (j value¼1) (Fig. 3, A
and B; Supplemental Table 6). Age-matched

Fig. 2. Intra- and inter-assay imprecision of the research-based and streamlined MOG Ab flow CBA.
Adult sera from age-matched controls, MOG Ab-negative, and MOG Ab-positive patients with 1, 11,
and 111 binding levels were tested in triplicate over 3 experiments. Horizontal bars represent the
mean intra- and inter-assay coefficient of variation (% CV) (A and B, respectively).
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controls were MOG Ab-negative in both laborato-
ries. MOG Ab seropositivity was observed in all pe-
diatric (24/24) and adult (24/24) patients with
demyelination in both laboratories, and MOG Ab
seronegativity was observed in 8/8 (100%) pediat-
ric and 8/8 (100%) adult seronegative patients.
Although raw DMFI values differed in scale be-
tween laboratories, the resolution between posi-
tive and negative samples was maintained, and
relative MOG Ab levels were consistent and highly
correlated in pediatric (R2¼0.9729, P< 0.0001)
and adult cohorts (R2¼0.9493, P<0.0001) (Fig. 3,

C and D). Data generated under accredited labo-
ratory conditions were analyzed using two analy-
sis softwares: Becton Dickinson FlowJo and
Beckman Coulter Kaluza, and high serostatus
agreement was observed between analyses (see
Supplemental Fig. 1).

A Minor Proportion of Demyelination Sera
Have a Borderline MOG Ab Serostatus

In research-based testing, MOG Ab serostatus
was confirmed if a reproducible positive or nega-
tive result was reported in at least 2 independent,

Fig. 3. Inter-laboratory validation of the streamlined flow CBA. Pediatric (A) and adult (B) cohorts were
tested under basic research (blue) and accredited routine diagnostic conditions (orange) and showed
high serostatus concordance between laboratories. Horizontal lines represent the positivity threshold.
Inter-laboratory serum binding levels were highly correlated in pediatric (C) and adult sera (D).
Representative values are shown from 2 to 3 independent experiments.

MOG Ab Flow Cytometry Assay for Diagnostics ARTICLE

..............................................................................

2021 | 00:0 | 1–14 | JALM 7

https://academic.oup.com/jalm/article-lookup/doi/10.1093/jalm/jfab101#supplementary-data


quality-controlled experiments. Over a year using
the streamlined assay, 3807 MOG Ab tests were
conducted, and MOG Ab serostatus was reported
for 1893 adult sera (mean number of tests per
serum¼2.01). MOG Ab levels were expressed as a
ratio to the positivity threshold (DMFI/threshold) to
normalize values across tests conducted. Of the
MOG Ab tests performed, 7.7% (294/3807)
obtained a positive result while 92.3% (3513/3807)
were negative (Fig. 4, A). MOG Ab-positive tests had
a DMFI/threshold ranging between 1.01 and 30.53
with a bottom-heavy distribution of MOG Ab levels
(Fig. 4, A; Supplemental Table 7).
Of 1893 adult sera tested, 7.2% (137/1893)

were classified as MOG Ab-positive with concor-
dant results across 2 replicate experiments ob-
served in 99.3% (136/137) MOG Ab-positive sera
and 98.9% (1736/1756) MOG Ab-negative sera
(Fig. 4, B; Supplemental Table 7). Overall, only 1.1%
of adult sera (21/1893) obtained discordant
results in the first 2 tests, which required addi-
tional testing, with the majority of the discordant
sera (20/21; 95.2%) reported as MOG Ab-negative
despite having 1 MOG Ab-positive test (Fig. 4, C).
Translation of the streamlined flow CBA into

diagnostics would need a MOG Ab serostatus
from a single test due to practical considerations
of assay expenses and prompt patient diagnoses.
Therefore, we evaluated a borderline range to
identify sera that would require retesting. The dis-
cordant result with the lowest observed value had
a DMFI/threshold of 0.807 while the discordant re-
sult with the highest observed value had a DMFI/
threshold of 1.493 (Fig. 4, C). We used these values
as the upper (DMFI/threshold¼ 1.493) and lower
(DMFI/threshold¼ 0.807) limits to define the bor-
derline range that would identify sera requiring
retests. Sera were divided into 4 categories: clear
positive, borderline positive, borderline negative,
and clear negative (Fig. 4, C).
Of 1893 adult sera, 5% were clear positive (95/

1893), and most sera (89.7%; 1698/1893) were
clear negative. A small proportion of sera (5.3%;

100/1893) had a borderline serostatus and would
therefore require retesting (Fig. 4, D; Supplemen-
tal Table 8). Although these borderline sera would
be identified as requiring a second diagnostic test,
reproducibility of serostatus results remained ro-
bust in this group with 94% (94/100) of borderline
sera obtaining concordant serostatus results over
2 experimental repeats. Of 137 MOG Ab-positive
sera, 74 clinical phenotypes were known (border-
line positive, n¼ 23; clear positive, n¼51) and
were reported with acute disseminated encepha-
lomyelitis, ON, transverse myelitis, and other
MOGAD phenotypes (Fig. 4, D). Overall, the
streamlined flow CBA identified MOG Ab-positive
patients with MOGAD phenotypes. Most sera had
a concordant, reproducible serostatus across test-
ing runs, and the borderline range identified a
small proportion of sera for retesting to reduce
the diagnostic burden of retests.

Robust Serostatus Determination Using a
Reduced Number of Controls

In a research-based setting, each experiment in-
cluded 24 age-matched controls to determine the
positivity threshold with high sensitivity and specif-
icity (18). While the serostatus of these controls
remained consistently seronegative across experi-
ments, the absolute DMFI values varied and fluc-
tuated proportionately between experiments (see
Supplemental Fig. 2). Controls were assigned to
bins based on their DMFI/threshold to normalize
for fluctuations. To reduce the number of controls
for positivity threshold determination, we investi-
gated serostatus results of the streamlined flow
CBA using the worst and best combination of 8,
13, and 18 age-matched controls by choosing a
set number of controls from each bin, proportion-
ate to the bin size.
Of 1893 sera, high serostatus agreement was

observed in 95.4% and 98.6% (1806–1866/1893;
weighted j value¼ 0.925–0.973) of reported
serostatuses when using the worst and best com-
bination of 18 controls, respectively (Fig. 5;
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Fig. 4. Borderline range to stratify MOG Ab serostatuses for diagnostics. A total of 3807 MOG Ab tests
(A) were conducted on 1893 adult sera, of which the majority were from patients with demyelination
(B). Horizontal bars in violin plots represent the median (black), upper and lower quartiles (blue). (C) Of
1893 sera, 21 had discordant test results (red circles) from the first 2 experiments. Using the lowest
(DMFI/threshold5 0.807) and highest value (DMFI/threshold51.493) from the discordant tests, a bor-
derline range was derived (grey horizontal lines). (D) Distribution of the 1893 sera into clear negative
(red), borderline negative (orange), borderline positive (teal), and clear positive (blue) serostatuses are
shown. (E) Clinical phenotypes were known for 74 MOG Ab-positive sera, and MOGAD phenotypes were
distributed across clear and borderline positive statuses. Representative values are shown from 2 to 3
experiments. Green horizontal lines represent the positivity threshold.
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Supplemental Table 8). Notably, high serostatus
agreement was also observed in 93% and 98.5%
(1760–1865/1893; weighted j value¼0.89–0.971)
using the worst and best combination of 13 con-
trols, respectively (Fig. 5; Supplemental Table 8).
Further reduction to the worst and best 8 controls
yielded good though comparatively poorer seros-
tatus agreement with 82.3% and 93.5% (1558–
1769/1893; weighted j value¼0.761–0.933), re-
spectively compared to 24 controls. Due to the
retrospective nature of this analysis, reducing con-
trols for threshold determination resulted in
equivocal sera where classification into 1 of the 4
serostatuses could not be performed. Equivocal
sera constituted only 0.32% and 1.6% (6–30/1893)
using the best and worst combination of 18 con-
trols, 0.26% and 2.6% (5–49/1893) using the best
and worst combination of 13 controls, and 2.1%
and 7.3% (40–138/1893) using the best and worst
combination of 8 controls (Fig. 5; Supplemental
Table 8). Interestingly, the number of sera that
would require retesting (classified as equivocal or
borderline) was equivalent when using the best

combination of 13 and 18 controls (111/1893;
5.9%), whereas the best combination of 8 controls
identified 7.9% (149/1893) of sera requiring ret-
ests (Fig. 5; Supplemental Table 8). Sera requiring
retesting increased when the worst combination
of controls was used in each condition with 7.6%
(143/1893) using the worst 18 controls, 9.3%
(176/1893) using the worst 13 controls, and 16.7%
(317/1893) using the worst 8 controls (Fig. 5;
Supplemental Table 8). Overall, robust serostatus
was attainable using a reduced number of con-
trols to determine the positivity threshold, with
the use of 13 controls being optimal without sub-
stantially decreasing serostatus agreement or in-
creasing the number of retests compared to the
baseline 24 controls.

DISCUSSION

The present study demonstrates the translation
of a research-purposed live flow CBA for the de-
tection of MOG Ab to a diagnostic setting. We

Fig. 5. Reduction in controls used to determine the positivity threshold. Compared to 24 controls used
in a research-based setting, high agreement in serostatus classification was observed across the best
and worst combinations of 13 and 18 controls, respectively, with the combinations of 8 controls show-
ing good though relatively poorer agreement.
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show a high concordance in serostatus results
obtained from the research-based flow CBA, com-
pared to the streamlined flow CBA, which halves
the assay workload and reagent consumption by
allowing for incubation of patient samples, MOG-
expressing cells, and control cells in 1 vessel.
Analytical imprecision was improved in the
streamlined flow CBA, and serostatus results were
validated under accredited routine pathology con-
ditions. Further, we demonstrate that serostatus
of the majority of patients can be determined with
a single test, and we have proposed a borderline
range that identifies patients who would require
retesting for a confirmatory MOG Ab serostatus.
Lastly, a reduced number of controls can be used
to establish the MOG Ab positivity threshold.
MOG Ab assays vary across testing centers,

many of which utilize live cells expressing MOG,
while commercial assays employ fixatives for ease
of distribution. Caveats of using fixed cells have
been highlighted in recent reports of fixed CBAs
with lower sensitivity and specificity than live CBAs
(9, 16, 17). With consensus on the importance of
using live cells for accurate MOG Ab detection to
native MOG, variations in live CBA protocols still
exist. For instance, some centers exclusively de-
tect MOG Ab of the IgG1 subclass (14), in compari-
son to others (13, 21, 22), including this study,
which detect all IgG subclasses of MOG Ab.
Nonetheless, high specificity has been observed in
different live CBAs, regardless of the secondary
antibody of choice (16). Additionally, while many
centers test for MOG Ab concurrently in both se-
rum and cerebrospinal fluid, patients exclusively
positive in cerebrospinal fluid are rare (6, 23), and
serum has therefore been recommended as the
appropriate specimen for testing (9, 24, 25). Flow
cytometry assays are used across a number of
centers and are advantageous in providing a
quantitative measurement of MOG Ab binding, in
comparison to microscopy immunofluorescence
assays, which are semiquantitative. Our data show
that a streamlined flow cytometry live CBA for

MOG Ab testing can be implemented under an
accredited framework in routine diagnostics.
High concordance in MOG Ab serostatus was ob-

served using flow cytometry live CBAs. Improved re-
peatability was seen in the streamlined flow CBA
with intra-assay imprecision that satisfied accept-
able criteria according to previously described flow
cytometry validation guidelines (20). Inter-assay im-
precision was also improved in the streamlined flow
CBA compared to the research-based flow CBA. In
comparison, other diagnostic flow cytometry assays
are less susceptible to imprecision as they measure
the frequencies or proportions of different immune
cell populations compared to the raw MFI values
measured in a live flow CBA. Importantly, while in-
ter-assay variability may exist in raw MFI measure-
ments, MOG Ab serostatus classification remains
robust between testing runs. This is attributed to in-
clusion of a control cohort from which a positivity
threshold is calculated in each experiment. Control
cohort sizes and MOG Ab positivity thresholds vary
across testing centers (18). Our findings show ro-
bust serostatus classification remains achievable
using as few as 13 controls compared to our previ-
ously published threshold determined from 24 con-
trols (4, 9, 18). Selecting a spread of controls from
specified bins to establish and validate a control co-
hort ensures robust serostatus classification even
when control samples are exhausted. Addition of
new controls requires further validation experi-
ments and use of regression analyses to determine
assignment to the correct bin and to ensure the
best set of controls are selected to obtain repro-
ducible serostatus. This study thus validates a
method that involves the inclusion of a limited num-
ber of controls while maintaining a positivity thresh-
old that accurately identifies MOG Ab-positive
patients in diagnostics.
We have determined a borderline range to

identify sera that may have an equivocal serosta-
tus due to their lower MOG Ab titers. As discor-
dant samples comprise only a minor proportion
of total samples tested, retesting patients who fall
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within this borderline range reduces the diagnos-
tic burden of experimental repeats and ensures
efficient, accurate, and reliable serostatus deter-
mination. Additionally, previous reports show that
MOG Ab titers do not discriminate between
MOGAD phenotypes (9, 26). This has also been
observed in this study with similar distribution of
MOGAD phenotypes in both clear-positive and
borderline-positive groups. These borderline-posi-
tive patients identified for retesting remained re-
producibly positive and did not overlap with
controls, which differs from low-positive patients
described in previous studies to have poor con-
cordance across testing centers (16). Accordingly,
clear definition of low-positive patients and disclo-
sure of positivity thresholds and analysis must be
outlined due to differing nomenclature and meth-
odologies across centers. For instance, patients
with low MOG Ab titers in a recent study showed
significant false positivity and overlap with patients
with typical multiple sclerosis (27), which, given the
difference in assay methodology, cannot be directly
compared to our study where borderline-positive
patients with known phenotypes showed no over-
lap with controls and presented with typical
MOGAD phenotypes. Serostatus classification of
these patients highlights the importance of consid-
ering MOG Ab positivity, especially at low titers, in
the wider clinical context of each diagnosis. An ac-
curate serostatus is imperative clinically as it

contributes to patient management and treatment.
MOG Ab-positive patients treated with multiple
sclerosis disease-modifying therapies have poorer
clinical outcomes than those treated with steroids
(12, 28). Similarly, emerging evidence supports dif-
ferential treatment strategies between MOGAD and
aquaporin-4 antibody-positive neuromyelitis optica
spectrum disorder (29, 30), and thus accurate de-
termination of autoantibody serostatus is impera-
tive in the diagnosis of these distinct disorders.
The introduction of flow cytometry live CBAs

into autoantibody diagnostics allows a high-
throughput, quantitative method to satisfy the in-
creasing demand for MOG Ab testing (31). Recent
recommendations and ongoing initiatives toward
consensus diagnostic criteria for MOGAD (25) has
highlighted the need for standardization of MOG
Ab detection across testing centers as current di-
agnosis relies heavily on patient serostatus. We
propose a validated and streamlined model of a
research-based flow cytometry live CBA for imple-
mentation as a diagnostic MOG Ab test to guide
treatment and improve clinical outcomes for
MOGAD patients.

SUPPLEMENTAL MATERIAL

Supplemental material is available at The Journal
of Applied Laboratory Medicine online.

Nonstandard Abbreviations: MOG, myelin oligodendrocyte glycoprotein; Ab, antibody; ON, optic neuritis; MOGAD, MOG
antibody-associated disease; CBA, cell-based assay; Ctrl, empty vector control; DMFI, delta median fluorescence intensity.
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