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Abstract
Objective: Determine the utility of aquaporin 4 IgG (AQP4-IgG) testing (live cell-based assay) for
Neuromyelitis Optica Spectrum Disorders (NMOSD).
Methods: We included Mayo Clinic patients (1/1/2018-12/31/2019) tested for serum AQP4-IgG by live
cell-based flow-cytometric assay. Medical records were reviewed to assess if patients fulfilled 2015
NMOSD criteria.
Results: Of 1371 patients tested, 41 were positive (3%) and all fulfilled NMOSD criteria with AQP4-IgG
(specificity= 100%). Only 10/1330 testing negative met NMOSD criteria without AQP4-IgG (sensitivity
= 80%) and seven of these 10 were MOG-IgG positive.
Conclusions: AQP4-IgG by live cell-based assay was highly specific and without false positives in a high
throughput setting.
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Introduction
Neuromyelitis Optica Spectrum Disorder (NMOSD) is
an inflammatory CNS demyelinating disease, asso-
ciated with aquaporin-4 immunoglobulin-G antibodies
(AQP4-IgG). We previously showed AQP4-IgG live
cell-based assay (M1-isoform) had 83% sensitivity
and 100% specificity for NMO diagnosis using older
2006 criteria and similar results (69.7–100% sensitive;
90.6–100% specific) from other centers are reported
with the 2006 and 2015 criteria.1–4 In a clinical
setting with high testing volumes, the risk of false posi-
tivity for diagnostic biomarkers can increase, particu-
larly when ordered in low probability situations.5 Our
aim was to assess the sensitivity, specificity, likelihood
ratios (LHR) and frequency of false positives with
AQP4-IgG live cell-based assay using updated 2015
NMOSD diagnostic criteria6 in a high throughput clin-
ical setting at a tertiary referral center.

Methods

Standard protocol approvals, registrations, and
patient consents
The study was approved by the Mayo Clinic
Institutional Review Board (IRB#: 08-006647).

Patients consented to use of their medical records
for research purposes.

Data collection
This retrospective observational study involved 1371
consecutive Mayo Clinic patients evaluated for serum
AQP4-IgG during routine clinical care (1/1/2018–12/
31/2019). Although the test is mostly ordered by neu-
rologists, requests for testing by any physician at
any of the three Mayo Clinic sites (Jacksonville[FL],
Rochester[MN], Scottsdale[AZ]) were included.
Electronic medical records and MRI’s were available
in all patients and reviewed to determine age at
testing, sex, ethnicity, clinical and radiologic pheno-
types to determine if they fulfilled 2015 criteria for
NMOSD.6 If AQP4-IgG positive patients did not
fulfill 2015 NMOSD criteria either by lacking core
clinical characteristics or having an alternative diag-
nosis, they were designated false positives.

Antibody testing
AQP4-IgG testing was performed with an in-house live
cell-based flow-cytometric/fluorescence-activated-cell-
sorting (FACS) assay using HEK293 cells
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transfected with human AQP4 M1-isoform as
previously described.1 Samples were screened at
1:5 dilution. If the IgG-binding-index (IBI: Ratio
of median-fluorescence-intensities of AQP4
transfected to non-transfected cells) was ≥2.0, they
were retested and titrated from 1:10 dilution, in
ten-fold steps, to establish end-point titers (i.e. last
dilution with IBI ≥2.0; reference value <1:5). Myelin
oligodendrocyte glycoprotein immunoglobulin-G
(MOG-IgG) live cell-based assay was tested in 29/41
AQP4-IgG seropositives and all ten NMOSD without
AQP4-IgG, using previously described
methodology.5

Data analysis
The sensitivity (true positives/true positives plus false
negatives), specificity (true negatives/true negatives
plus false positives) and negative likelihood ratio
(1-sensitivity/specificity) for NMOSD diagnosis

were calculated along with 95% confidence intervals
(CI) using ‘R’ version 4.1.

Data availability statement
Anonymized data used for this study are available
upon request from authors.

Results
Of the 1371 patients tested for AQP4-IgG, 41 were
positive (3%) (median titer, 1000 [range, 5–
100,000]) (Figure 1). Demographics are summarized
in Table 1.

All 41 AQP4-IgG positive patients fulfilled contempor-
ary criteria for NMOSD with AQP4-IgG and their core
clinical characteristics are summarized in Table 2. No
false positives were identified, and AQP4-IgG specifi-
city was 100% (95% CI, 99.7–100%). Positive LHR
not calculable as specificity was 100%. Of these 41

Figure 1. Flow chart of patients tested for AQP4-IgG.
AQP4-IgG, aquaporin-4-IgG; CIS, clinically isolated syndrome; CNS, central nervous system; FND, functional neurologic
disorder; MOG-IgG, myelin oligodendrocyte glycoprotein-IgG; MS, multiple sclerosis; NMOSD, neuromyelitis optica
spectrum disorder; ON, optic neuritis; RIS, radiologically isolated syndrome.
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patients, 28 (68%) were receiving immunosuppressants
(steroids, azathioprine, mycophenolate or rituximab) at
AQP4-IgG testing.

Of the 1330 AQP4-IgG seronegative patients, ten ful-
filled clinical diagnostic criteria for NMOSD without
AQP4-IgG and are summarized in Table 1. Thus,
AQP4-IgG sensitivity for NMOSD diagnosis was
80.4% (95% CI, 66.7–90.2%) and negative likelihood
ratio was 0.2 (95% CI, 0.11–0.34). Seven of those ten
cases were MOG-IgG positive (median titer, 1:100
[range, 1:20–1:1000]), and three were negative for
both AQP4-IgG and MOG-IgG. Three of the ten
patients (30%) were receiving immunosuppressants at
antibody testing (One MOG-IgG1 positive patient and
two dual seronegative patients).

The clinical phenotype of all 7 MOG-IgG positives was
consistent with that defined for MOG-IgG associated

disease (MOGAD)5 and no false positives or dual
AQP4-IgG and MOG-IgG positives were encountered.
Overall, 1072 of 1371 patients were tested for
MOG-IgG and 64 were positive including the 10 that
fulfilled criteria for NMOSD without AQP4-IgG.

Discussion
Our data show that AQP4-IgG seropositivity has high
sensitivity and extremely high specificity for NMOSD
diagnosis in a real-world clinical setting, consistent
with our prior study using 2006 NMO criteria.1 The
lack of false positive results, despite testing large
numbers attests to the value of live cell-based
AQP4-IgG assays as a diagnostic biomarker for
NMOSD. Although testing of even larger patient popu-
lations may be anticipated to yield occasional false posi-
tives, these data indicate false positives are rare.

Table 1. Demographics and results.

Characteristic

AQP4-IgG
positive
NMOSD (True
positives)

AQP4-IgG
negative without
NMOSD (True
negatives)

AQP4-IgG
negative
NMOSD,
MOG-IgG
positive
(MOGAD)†

AQP4-IgG
negative
NMOSD, MOG
IgG negative Total

N 41* 1320 7 3 1371
Age at testing (years)
Median
(range)

57 (4-90) 46 (0–88) 15 (8–28) 20 (15–61) 46 (0–90)

<18 years 2 (5%) 25 (2%) 4 (57%) 1 (33%) 32 (2%)
>18 years 39 (95%) 1295 (98%) 3 (43%) 2 (67%) 1339 (98%)
Sex
Female 34 (83%) 829 (63%) 4 (57%) 1 (33%) 868 (63%)
Male 7 (17%) 491 (37%) 3 (43%) 2 (66%) 503 (37%)
Race/ethnicity
White
Caucasian

19 (46%) 1081 (82%) 5 (71%) 3 (100%) 1108 (81%)

Black 14 (34%) 74 (6%) 1 (14%) 0 89 (7%)
Latin
American

2 (5%) 67 (5%) 0 0 69 (5%)

Asian 4 (10%) 26 (2%) 0 0 30 (2%)
Other ‡ 2 (5%) 31 (2%) 0 0 33 (2%)
Chose not to
disclose

0 41 (3%) 1 (14%) 0 42 (3%)

*one case was paraneoplastic.
†There were no cases of AQP4/MOG-IgG dual positivity.
‡Includes Native American, Pacific islander, Arab.
Abbreviations: AQP4-IgG, Aquaporin-4-IgG; MOG-IgG, Myelin Oligodendrocyte Glycoprotein-IgG; MOGAD,Myelin
Oligodendrocyte Glycoprotein antibody associated disorder; NMOSD, Neuromyelitis optica spectrum disorder.
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Recently, we showed MOG-IgG was highly specific
(97.8%) for MOGAD diagnosis, but the overall positive
predictive value of seropositivity was 72%, with particu-
lar risk of false positives at low titer when tested in low
pre-test probability situations.5 Thus, more generous
ordering of AQP4-IgG by cell-based assay can be con-
sidered compared to MOG-IgG which requires more
judicious test ordering and result interpretation.

MOG-IgG accounted for 70% of AQP4-IgG serone-
gative NMOSD, higher than the 41.6% reported pre-
viously,7 but is limited by smaller number of NMOSD
patients analyzed. The demographics and clinical fea-
tures differed for AQP4-IgG and MOG-IgG positive
patients justifying separate MOGAD diagnostic cri-
teria, particularly as only 23% of adult MOGAD
fulfill criteria for NMOSD without AQP4-IgG.8

It is worth noting that the percentage of patients seen
at the Mayo Clinic during the two year period
(January 2018 - December 2019) who met the 2015
NMOSD criteria (3.7%; 51/1371), is similar to that
observed during a previous six year study at the
Mayo Clinic (October 2005 - November 2011) in
which patients met either the 1999 or 2006 criteria
for NMOSD (3%; 164/5349).9 This demonstrates
that despite the changes in criteria the percentage of
seropositivity has remained quite stable (85% vs
80%, respectively).

Our study had limitations. CSF was not assessed but
serum is optimal for AQP4-IgG detection.10 AQP4-IgG
testing was not processed in batch but rather individually

as samples arrived and some samples were not tested for
MOG-IgG. Some patients were receiving immunother-
apy at the time of testing but most AQP4-IgG seronega-
tive NMOSD were MOG-IgG positive making it
unlikely this majorly impacted our results. Referral
bias is possible and studies in a community setting
or other centers are needed, nevertheless, the charac-
teristics of AQP4-IgG positives in our study fit well
with typical AQP4-NMOSD.6
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