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Objective

Since the last epidemiologic review of neuromyelitis optica/neuromyelitis optica spectrum
disorder (NMO/NMOSD), 22 additional studies have been conducted. We systematically
review the worldwide prevalence, incidence, and basic demographic characteristics of NMOSD
and provide a critical overview of studies.

about the worldwide
impact of neuromyelitis
optica.

Methods NPub.org/eS2wrv

PubMed, Ovid MEDLINE, and Embase using Medical Subject Headings and keyword search
terms and reference lists of retrieved articles were searched from 1999 until August 2019. We
collected data on the country; region; methods of case assessment and aquaporin-4 antibody
(AQP4-AD) test; study period; limitations; incidence (per 100,000 person-years); prevalence
(per 100,000 persons); and age-, sex-, and ethnic group-specific incidence or prevalence.

Results

We identified 33 relevant articles. The results indicated the highest estimates of incidence and
prevalence of NMOSD in Afro-Caribbean region (0.73/100 000 person-years [95% CI: 0.45-1.01]
and 10/100 000 persons [95% CI: 6.8-13.2]). The lowest incidence and prevalence of NMOSD
were found in Australia and New Zealand (0.037/100 000 person-years [95% CI: 0.036-0.038] and
0.7/100,000 persons [95% CI: 0.66-0.74]). There was prominent female predominance in adults
and the AQP4-Ab-seropositive subpopulation. The incidence and prevalence peaked in middle-
aged adults. African ethnicity had the highest incidence and prevalence of NMOSD, whereas White
ethnicity had the lowest. No remarkable trend of incidence was described over time.

Conclusion

NMOSD is a rare disease worldwide. Variations in prevalence and incidence have been de-
scribed among different geographic areas and ethnicities. These are only partially explained by
different study methods and NMO/NMOSD definitions, highlighting the need for specifically
designed epidemiologic studies to identify genetic effects and etiologic factors.
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Glossary

AQP4-Ab = aquaporin-4 antibody; CBA = cell-based assay; IPND = International Panel for NMO Diagnosis; NMO =
neuromyelitis optica; NMOSD = neuromyelitis optica spectrum disorder; MOG = myelin oligodendrocyte glycoprotein; ON =

optic neuritis; TM = transverse myelitis.

Neuromyelitis optica (NMO) is an antibody-mediated in-
flammatory disease of the CNS. The understanding of the dis-
ease has evolved extensively through the last 100-125 years." In
2005, the discovery of specific antibodies against the aquaporin-4
(AQP4) water channel in patients with NMO enabled the dis-
tinction of NMO from MS and resulted in the 2006 Wingerchuk
criteria.”® The introduction of the cell-based assay (CBA) to
search for AQP4 antibody (AQP4-Ab) and improvements of
test sensitivity allowed the recognition of additional syndromes
associated with AQP4-Ab named as neuromyelitis optica spec-
trum disorders (NMOSDs).* The 2015 International Panel for
NMO Diagnosis (IPND) criteria united the NMO and
NMOSD definitions, proposed a categorization by stratifying for
AQP4-ADb serostatus, and recommend the use of CBA owing to
highest sensitivity (76.7%) and specificity (99.8%)."

The cause of the disease is not fully understood.>® Well-
established epidemiologic studies can generate hypotheses
and thereby contribute to the identification of potential risk
factors and essential features of disease etiology.

The last review of the incidence and prevalence of NMO/
NMOSD was published in 2015, when 7 population-based
studies were available.” Since then, 22 additional epidemiologic
studies have been published using also the 2015 criteria, and these
may improve our understanding of the NMOSD epidemiology.
Here, we provide a critical overview of studies reporting the
incidence and prevalence of NMO/NMOSD from around the
world and discuss the challenges of such epidemiologic studies.

Methods

We performed a systematic search in PubMed, Ovid MED-
LINE, and Embase databases for epidemiologic studies in
NMO/NMOSD published from 1999 to August 2019 (figure,
supplementary file, doi.org/10.5061/dryad.prrdxgxh9). Two
authors (V.P. and ZI1.) independently assessed whether
the identified abstracts met the inclusion criteria: (1) NMO/
NMOSD; (2) original data; (3) incidence or prevalence of
NMO/NMOSD; and (4) available English abstract. Further-
more, we searched the reference lists of review articles and the
relevant publications for additional studies. If either reviewer
selected an abstract, it underwent independent full-text review
by the 2 reviewers. Disagreements were resolved by consensus.
We excluded review articles, conference proceedings, and ab-
stracts due to limited data on study design for critical review.

We collected data on the country, region, size of source pop-
ulation, case ascertainment, applied diagnostic criteria and
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antibody test method, observation period of incidence, definition
of incident event, limitations, incidence (100,000 person-years),
prevalence (100,000 persons) and age-, sex-, or ethnic group-
specific incidence or prevalence, and basic demographic data
(tables 1-6, supplementary tables 1-3, doi.org/10.5061/dryad.
prr4xgxh9). The review follows Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guideline.

Results

Search Strategy

From PubMed, Ovid MEDLINE, and Embase, we identified
664 unique references (figure). We selected 51 articles for full-
text review based on relevant abstracts. Of these, we excluded
1 for not including original data and 17 for not providing the
incidence and/or prevalence estimates of NMO/NMOSD.
Ultimately, 33 articles met the inclusion criteria.

Study Characteristics

The number of epidemiologic data of NMO/NMOSD has
remained low. All studies are retrospective (tables 1,2,and 4). The
timing of the study may influence the prevalence and incidence
estimates due to several changes in the definition of NMO and
NMOSD diagnostic criteria and antibody test method in the last
decades."***’ Diversity can also be seen in population sample size
(varying from 145,979'° to 130 million'"), study design (cohort
study'®>"  or  cross-sectional  study'?*™*;  clinical-
based 1216181933374 1 e siudy D723 oo g
certainment (accepting the reported cases”*”** or validating each
NMO/NMOSD  case!012-17192123242628-3335-384042) " go)
number of cases calculate by statistical a.nalysis,ll’w‘n’41 and
AQP4-Ab test (IF-tissue assay, immunoprecipitation, ELISA, and
CBA (tables 1,2, and 4). The overall number of samples tested for
AQP4-Ab was reported in S studies (supplementary table 3, doi.
0rg/10.5061/dryad.prr4xgxh9).

Four nationwide studies involved solely pediatric
populations,”®**! and 3 of these investigated the epidemiology of
acquired demyelinating syndromes, not specifically NMO/
NMOSD.**** Three studies applied the 2006 criteria to calculate
the prevalence41 or incidence”*® of NMO, and 1 used the 2015
IPND criteria for incidence assessment.* Five studies selectively

evaluated the adult population.”">"”*****" The majority of the

reports encompassed all ages, ¥ H1H1618-21242627,32,3335-3840
)

but some did not recognize any patients with pediatric disease

onset (tables 1-4)."%3%%7

Thirteen of the 33 included studies provided inadequate
descriptions of study design, case assessment, or type of
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AQP4-Ab test.”!12072227729323423641 N apy studies used
multiple sources for case detection (clinical departments,
registries, and/or laboratory databases),10’12_18’24’26’29_32
whereas others used data directly from clinical departments,

11,19,21-23,27,28,33-42 .. 20
119,21-23,27,28,33 or laboratory units.” Confi-
4.1119-212833,42

physicians,
dence intervals were not always presente
Standardized estimates are essential when comparing findings
in populations with different age and sex distributions, but
these were rarely provided. One study applied the US stan-
dard population,'® 1 used the Japanese standard population,®
and 4 others the WHO standard population,'*'%'%3!

Some prevalence and incidence estimates were obtained be-
fore the discovery of the AQP4-Ab and were solely based on
the diagnostic criteria from 1999 restricted to optic neuritis
(ON) and transverse myelitis (TM).2** Two other studies
applied the 1999 criteria if the AQP4-Ab test was not avail-
able, but the 2006 criteria when the AQP4-Ab test was
performed.**** Eleven studies purely used the 2006
criteria, 4! 919232772934383941 ¢ sther studies reported esti-
mates based on the 2006 criteria combined with other AQP4-
Ab-seropositive (AQP4-Ab+) cases, 0711017323336 44 10
other studies calculated estimates by applying the 2015
IPND criteria,'®!>1%1921,2230313537,38 T4 studies included
only AQP4-Ab+ patients with NMO/NMOSD."**° Another
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used the 2015 IPND criteria for unknown or AQP4-
Ab-seronegative (AQP4-Ab—) NMOSD due to lack of ac-
cess to AQP4-Ab test.”

Incidence
Considerable variation was observed in the definition of the
incident event and the duration of the observation period for

incidence. Most studies considered incident cases based on the
disease onset,'*137161819283031 Lyt 5 few calculated incidence
by the diagnosis date,'”*”* date of AQP4-Ab test,”® or calcu-
lated by using the point prevalence and the average disease
duration to prevalence day.*® Other studies did not define in-
cident event.”'*****! We identified 20 reports regarding the
incidence of NMO/NMOSD (tables 14, supplementary tables
1 and 2, doiorg/ 10.5061/dryad.prr4xgxh9). The observation
period for the incidence rate ranged from 2 to 27 years.'®"
These may lead to remarkable differences in the incidence esti-
mates. Incidence rates were reported between 0.039 and 0.73/
100,000 person-years for adults'>'® and between 0.01 and 0.06/
100,000 person-years for children®***’ (age <18 years).

Geography and Ethnicity: Incidence

The geographic distribution of the studies is demonstrated in
tables 1-4. Most studies were conducted in Europe with
predominantly White populations.
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Table 1 Study Design and Completeness of the Epidemiologic Studies Including Adults in Predominantly White Populations

No. of cases
cohort/
Country—study area prevalent/ Incident AQP4-Ab Validated
(year) incident Source Source population cases Criteria Included as NMO/NMOSD test patient
Austria—nationwide 71/62/17 Neurology departments; all Reported by clinicians and Disease Only AQP4- Only AQP4-Ab+ NMO/NMOSD CBA NS
(2011)"3 registered neurologists; laboratory laboratory onset Ab+ NMO/
NMOSD
United Kingdom—South 14/14/- Registry; laboratory; neurologists; Screened a broad — 2006, AQP4- NMO, AQP4-Ab+ ON or LETM NS Yes
East Wales (2012)%2 neurology department population Ab+ ON/LETM
United 13/8/7 WCNN records; regional hospitals; Screened a broad NS 2006, AQP4- NMO, AQP4-Ab+ ON or LETM CBA Yes
Kingdom—Northwest laboratory; BNSU population Ab+ ON/LETM
England (2013)"?
Netherlands—nationwide 94/-/89 Laboratory Reported by the laboratory NS NS AQP4-Ab+ NMOSD CBA No
(2016)*°
Spain—Catalonia (2018)" 74/67/47 Neurology departments with MSunit;  Only NMO diagnosis and Disease 2006, 2015 2015 CBA (96%), Yes
NPR (NMO diagnosis); laboratory AQP4-Ab+ from the onset IHC (3%),
laboratory, reported by ELISA (1%)
clinicians
Denmark—Southern 42/NS/NS Natalizumab registry; DNPR (ON, TM,  Screened a broad Date of 2006, AQP4- NMO, AQP4-Ab+ ON, LETM, CBA, IP Yes
Denmark (2011)"7 and MS; NMO); regional neurology population diagnosis ~ Ab+ ON/LETM  autoimmune diseases
and ophthalmology departments related to NMOSD
Denmark—Central 5/-/13 Neurology departments (IDD) data Screened a broad Disease 2006, 2015 2015 ELISA, CBA  Yes
Denmark (2018)" set population onset
Denmark—nationwide 56/50/27 NPR; MS Registry; neurology Screened a broad Disease 2006, 2015 2015 79.5% CBA,  Yes
(2018)"® departments; laboratories population onset 13.7% IP,
6.8% ELISA
Sweden—nationwide 92/89/82 NPR and laboratory Only NMO diagnosis and Disease 2006, AQP4- NMO, AQP4-Ab+ NMOSD Before Yes
(2019)"® AQP4-Ab+ from the onset Ab+ ON/LETM 2012 1B,
laboratory later CBA
Hungary (2/3) (2020)3' 154/123/101 NPR; neurology departments; Screened a broad Disease 2015 2015 100% CBA Yes
laboratories population onset
Australia and New 149/147/27 Adult and pediatric neurology Reported by clinicians and Disease 2015 2015 CBA (46%), Yes
Zealand—nationwide departments; laboratory seropositive from the onset IF-tissue
(2017)"® laboratory (100%)
United States—OImsted 6/6/1 Registries; neurology department; Screened a broad Disease 2006, AQP4- NMO; AQP4-Ab+ NMOSD with single CBA Yes
County (2016)"° neurologists (all patients with IDD) population onset Ab+ NMOSD or recurrent TM, single or recurrent

ON, brainstem or cerebral attack

Abbreviations: AQP4-Ab+ = AQP4 antibody positive; BNSU = British Neurologic Surveillance Unit, BS = brainstem; CBA = cell-based assay; CIS = clinically isolated syndrome; IB = immunoblot; IDD = idiopathic demyelinating
disease; IP =immunoprecipitation; LETM = longitudinally extensive; MS = multiple sclerosis; NMO = neuromyelitis optica; NMOSD = neuromyelitis optica spectrum disorder; NPR = National Patient Registry; NS = not specified;
ON = optic neuritis; TM = transverse myelitis.
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Table 2 Study Design and Completeness of the Epidemiologic Studies Including Adults in Predominantly Non-White Populations
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No. of cases
cohort/
Country—study area prevalent/ AQP4-Ab Validated
(year) incident Source Source population Incident cases Criteria Included as NMO/ NMOSD test patient
Canada—British 31/-131 Hospital data set Only NMO Date of diagnosis 2006 NS NS No
Columbia (2015)%”
India—Mangalore 11/-1M1 Different specialists; department Reported by clinician — 2006, AQP4- ON, ADEM, CIS, TM, spastic NS Yes
(2014)* Ab+ ON/ paraplegia, and
LETM myelopathy
Japan—Tokachi 3/3/- Single: 14 MS- and NMOSD-related Reported by — 2006 NMO 2006 CBA No
(2012)*° institutions inside and outside this area clinicians
Japan—Tokachi 14/14/- Single: 14 MS- and NMOSD-related Reported by — 2006, 2015 2015 CBA Yes
(2017)*® institutions inside and outside this area clinicians
Japan—nationwide 4,377 (1,042) Departments based on random selection Reported by — 2006, AQP4- NMO, AQP4-Ab+ NMOSD NS No
(2018)" using a stratified sampling method clinicians Ab+ NMOSD
Malaysia—Penang 28/14/- Hospital databases; private neurologists Reported by — 2015 2015 CBA Yes
Island (2018)*” clinicians
Malaysia—nationwide 580/580/NS Hospitals Reported by NS 2015 2015 NS Yes
(2019)*2 clinicians
UAE—Abu Dhabi 10/10/8 Department databases Screened a broad NS 2015 2015 NS Yes
(2018)* population
Iran—Isfahan (2014)3* 95/95/- Hospital database Only NMO reported — 2006 NS NS NS
in the database
Iran—Southwest 51/51/- Neurology departments; MS Screened a broad — 2006, NMO/NMOSDs: 21: ON; LETM; rec. NS Yes
(2015)*¢ clinic; neurologists population NMOSD BS; rec. hypothalamus attack; rec.
cerebral attack; plus =1: AQP4-Ab+;
MRI typical of NMO
Iran—Tehran (2017)*® 103/103/- Department Reported by — 2015 NS ELISA Yes
clinicians (9 patients
unreported)
Kazakhstan—Semej 10 Department Reported by — 2015 Criteria for the unknown/negative Not tested Yes
town (2019)*? clinicians status of AQP4-Ab
Mexico—Mexico City 34/NS/- Hospital case records Suspected MS and - 1999 According to 1999 Not tested Yes
(2008)*° NMO
Cuba—nationwide 58/58/NS All neurologic, rehabilitation, pediatric, ophthalmologic department; Screened a broad Prevalence rates 1999 According to 1999 and spectrum Not tested Yes
(2009)%° neurologists; GP; National Clinical Trial of Interferon-2b in RRMS population and the disease disorders of NMO: those with rec.
(1993-2003); Cuban Record of MS; Cuban MS Society and the National durations to LETM and severe rec. ON
Association of Persons with MS prevalence day
Continued
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Table 2 Study Design and Completeness of the Epidemiologic Studies Including Adults in Predominantly Non-White Populations (continued)
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Yes
= National

ELISA (17
not tested)

2006

2006
multiple sclerosis; NMO = neuromyelitis optica; NMOSD = neuromyelitis optica spectrum disorder; NPR

Screened a broad
United Arab Emirates.

population

= longitudinally extensive; MS

immunoprecipitation; LETM
optic neuritis; rec = recurrent; TM = transverse myelitis; UAE

Hospitals

40
idiopathic demyelinating disease; IP

Patient Registry; NS = not specified; ON

Abbreviations: ADEM = acute disseminated encephalomyelitis; AQP4-Ab+ = AQP4 antibody positive; BS = brainstem; CBA = cell-based assay; CIS = clinically isolated syndrome; FP = full population; IB = immunoblot;

Costa Rica (2018)%
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In smaller, predominantly White cohorts, the incidence of
NMO/NMOSD was between 0.07 and 0.4/100,000 person-
years.'%'>'71? In larger White studies applying the 2006 cri-
teria, the incidence was between 0.029 and 0.04/100,000
person-years.' "> When including only AQP4-Ab+ NMOSD,
the incidence ranged from 0.054 to 0.08/100,000 person-
years."**° NMO and AQP4-Ab+ NMOSD together gave an
incidence of 0.079/100,000 person-years,'® whereas based on
the last NMOSD 20135 criteria, it ranged from 0.037 to 0.132/
100,000 person—years.”’l5’18’31

Only a few incidence estimates are available from other eth-
nicities: in Caribbean-African 0.22-0.4/100,000 person-years
(1999/2006 criteria)24 and 0.7/100,000 person-years (2006
criteria plus AQP4-Ab+ NMOSD),'? in selected Asian pop-
ulations  0.39-0.6/100,000 person-years (2015 IPND
criteria),”*” and in Arab populations 0.17/100,000 person-
years (2015 IPND criteria).”' The Dutch study described a
higher incidence among non-White compared with White
populations living in the same geographic area.”’

Four studies from White!#*%-3° (0.01-0.06/100,000 person-
years) pediatric populations and 1 from an Aral 21 (0.06/100,000
person-years) pediatric population reported incidence estimates
of NMO/NMOSD. Three of these were based on a single in-
cident case observed in a period of 7-19 years (table 4).>"*%*

Sex- and Age-Related Incidence

The sex-specified incidence rates were higher in females than in
males, although the difference was less remarkable or dis-
appeared at extremes of age (supplementary tables 1 and 2, doi.
org/10.5061/dryad.prraxgxh9).'* #5221 Of interest, in
Sweden, over the period 1987-2006, the incidence of NMOSD
in males (0.151/100,000 person-years [95% CI: 0.085-0.261])
was more than 2 times higher compared with females (0.067/
100,000 person-years [95% CI: 0.044—0.098]), whereas between
2007 and 2013, the incidence of NMOSD in females (0.150/
100,000 person-years [95% CI: 0.108-0.203]) was more than 2
times greater compared with males (0.066/100,000 person-years
[95% CI: 0.032-0.123])."¢ The highest incidence rates in both
sexes were found in the 40-59 year age group.'**' Incidence
studies showed that 20%-28% of the incidence cohorts had a
late-onset NMOSD (age > 60 yea.rs).H’31

The pediatric cohort of Iceland”® and Denmark™ (age <18
years) identified a single male case in each country, whereas the
very recent Danish study™ (age <18 years) found 2 male and 2
female cases. The Catalonia study'* reported 3 female and 2
male pediatric patients.

Serostatus and Incidence

Only 4 publications described the serostatus-specific
incidence.'®'*'>*! These found a higher incidence of AQP4-
Ab+ NMOSD compared with AQP4-Ab— patients. In the United
States, the incidence of AQP4-Ab+ NMOSD was 0.07/100,000
person-years (95% CI: 0.0-0.21) based on a single case, whereas
no AQP4-Ab- incident cases were identified. The same study

Neurology.org/N
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Table 3 The Incidence and Prevalence of NMO/NMOSD in Epidemiology Studies (Incidence:/100,000 Person-Years, Prevalence:/100,000 Persons)

Period of
Population incidence Prevalence according Sex-specific
Country (million) (Prevalence day) Incidence (Cl) Prevalence (Cl) to ethnicity (Cl) prevalence (Cl) Sex-specific incidence (Cl)
Austria™ 8.4 (FP) March 0.054 (0.01-0.31) 0.7 (0.17-0.96) ND ND ND
2008-December
2011 (Dec 2011)
United Kingdom—South 0.713 (FP) (May 1, 2010) ND 1.96 (1.22-2.97) ND ND ND
East Wales®?
United 1.14 (age >16 y) 2003-2010 0.08 (0.03-0.16) 0.72 (0.31-1.42) White: 0.66 (0.27-1.37); ND ND
Kingdom—Northwest (December 30, Non-White: 1.8
England'? 2010) (0.05-10.04)
Netherlands?® 16.6 (FP) May 2009-April 0.09 (NS); White: 0.08; ND ND ND ND
2015 Non-White: 0.19
Spain—Catannia“ 7.52 (FP) 2006-2015 (January 2006: 0.040 (0.026-0.055); 2006: 0.58 (0.57-0.60); ND F: 1.31 (1.27-0.34); F: 0.09 (0.060-0.121); M: 0.035
1,2016) 2015: 0.063 (0.045-0.081) 2015: 0.89 (0.87-0.91) M: 0.46 (0.44-0.48)  (0.016-0.054)
Denmark—Southern 0.952 (age 215Yy) 1998-2008 (NS) 0.4 (0.3-0.54) 4.4 (3.1-5.7) ND ND ND
Denmark"’
Denmark—Central 1.27 (FP) 2012-2013 2006: 0.08 (NS); 2015: 0.12 ND ND ND ND
Denmark™® (NS)
Denmark—nationwide'® 4.6 (age 216y) 2007-2013 (January 2006: 0.029 (0.014-0.051); 2006: 0.566 White 1.007 (0.732-1.35); F: 1.76 (1.26-2.39); F: 0.104 (0.063-0.16); M: 0.037
1,2014) 2015: 0.070 (0.046-0.102) (0.370-0.830); 2015: Asian: 2.47 (0.674-6.33) M: 0.40 (0.18-0.76) (0.015-0.075)
1.09 (0.81-1.44)
Sweden'® 9.6 (FP) 2007-2013 0.079 (0.055-0.103) 1.04 (0.85-1.26) ND ND Extensive data are reported
(December 31,
2013)
Hungary (2/3)%' 6.4 (age 216y) 2006-2015 (January ~ 0.132(0.108-0.161) 1.91 (1.52-2.28) ND F: 3.22 (2.65-3.89); F:0.22 (0.178-0.27); M: 0.04 (0.02-0.06)
1,2016) M: 0.47 (0.25-0.78)
Australia and New 27.67 (FP) 2009-2012 (July 1, 0.037 (0.036-0.038) 0.7 (0.66-0.74) Asian: 1.57 (1.15-1.98); ND ND
Zealand"® 2013) Other: 0.57 (0.50-0.65)
United States—OImsted 0.146 (FP) 2003-2011 0.07 (0.00-0.21)* 3.9(0.8-7.1)? White (5): 4.0 (0.5-7.5); F: 6.5(0.8-12.1); F: 0.14 (0.0-0.43); M: 0
County1° (December 31, Black (1): 13.0 (0.0-38.4) M: 1.4 (0.0-4.1)
2011)
Canada—British Only Asian: 0.54 1986-2010 0.39t0 0.6 ND — Extensive data are ND
Columbia®’ reported
India—Mangalore® 0.419 (FP) (2013) ND 2.6 (NS) ND ND ND
japan—Tokachi39 0.352 (FP) (March 31, 2011) ND 0.9 (0.2-2.5) ND ND ND

Continued
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Table 3 The Incidence and Prevalence of NMO/NMOSD in Epidemiology Studies (Incidence:/100,000 Person-Years, Prevalence:/100,000 Persons) (continued)

Period of
Population incidence Prevalence according Sex-specific
Country (million) (Prevalence day) Incidence (Cl) Prevalence (Cl) to ethnicity (Cl) prevalence (Cl) Sex-specific incidence (Cl)
Japan—Tokachi®® 0.344 (FP) (March 31, 2016) ND 2006: 2.1 (NS); 2015: 4.1 ND ND ND
(2.2-6.9)
Japan—nationwide" 130 (FP) (2011) ND NMO: 1.64 (NS); NMO/ ND ND ND
NMOSD: 3.42 (NS)
Malaysia—Penang 0.702 (FP) (uly 1,2017) ND 1.99 (1.09-3.35) Chinese: 3.31 (1.76-5.67); ND ND
Island®” Malays: 0.43 (0.01-2.38)
Malaysia—nationwide22 28.7 (age >12y) 2013-2017 0.39 (0.35-0.47) 1.94 (1.77-2.10) Wrong denominators ND ND
(December 29, were applied!
2017)
UAE—Abu Dhabi?' 2.9 (FP); UAE: 0.55 2010-2016 (NS) FP: 0.05 (NS); UAE FP: 0.34 (NS) UAE adult (>20): 1.76 (NS) ND ND
adult UAE (>20): adult (>20): 0.17 (NS)
0.26
Iran—Isfahan* NS (October 10, 2013) ND 1.9 (1.6-2.3) ND F:2.7(2-3.3);M:1.2  ND
(0.8-1.6)
Iran—Southwest Iran®® 4.5 (FP) (November 2013) ND 1.1 (1.04-1.16) ND F: 2.00 (1.92-2.09); ND
M: 0.26 (0.23-0.29)
Iran—Tehran® 11.9 (FP) (NS) ND 0.86 (0.76-0.91) ND F:1.35(NS); M:0.26  ND
(NS)
Kazakhstan—Semej 0.35 (NS) ND 4.9 (NS) ND ND ND
town*?
Mexico—Mexico City*® 18.4 (FP) (NS) ND 1.3(0.9-1.8) ND ND ND
Cuba?® 11.18 (FP) 2003-2004 0.053 (0.040-0.068) 0.52 (0.39-0.67) White: 0.43 (0.29-0.61); F: 0.91 (0.68-1.20); ND
(November 30, Non-White: 0.69 M: 0.12 (0.05-0.25)
2004) (0.46-1.01)
France—Martinique and  0.705 (FP) 1992-2007 (June 30,  0.19(0.15-0.23) 4.2 (3.7-5.7) ND F: 7.14 (4.45-9.83) F: 1992-97: 0.42 (0.11-0.73); 1997-2002:
Guadeloupe?*?® 2007) 0.28(0.03-0.53); 2002-07: 0.32 (0.06-0.58)
France—Martinique® 0.392 (FP) 2003-2011 0.73 (0.45-1.01)* 10 (6.8-13.2)* White: 6.1 (0.0-18.1); F:17.4(11.6-23.3); F:1.31(0.79-1.83); M: 0.12 (0.00-0.30)
(December 31, Black: 11.5(7.8-15.2) M: 2.5 (0.0-4.9)
2011)
Costa Rica®® 3.88 (age>13y) August 0.13-0.44 (NS) ND ND ND ND

2011-December
2015

N/310'A30j04naN

Abbreviations: F = Female; FP = full population; M = male; NS = not specified; ND = not done; UAE = The United Arab Emirates.
2 Only age-standardized estimates were reported.
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determined the estimates in Martinique and showed a 5 times
higher incidence of AQP4-Ab+NMOSD (0.65/100,000 person-
years [95% CL 0.39-0.92]) in comparison with AQP4-Ab-
NMOSD." In Catalonia, AQP4-Ab+ incidence increased from
0.015/100,000 person-years (95% CI: —0.002 to 0.004) in the
pediatric population to 0.062/100,000 person-years (95% CI:
0.028-0.096) in adults, whereas the incidence of AQP4-Ab-
NMOSD was low in all age groups (ranging from 0.006 to 0.029/
100,000 person-years) but similar to seropositive incidence in
children."* In Denmark, the incidence of AQP4-Ab+ patients was
2-fold higher compared with AQP4-Ab— NMOSD,"® whereas the
Hungarian study revealed S-fold greater incidence estimates of the
AQP4-Ab+ NMOSD.*!

Temporal Changes in Incidence

Some studies reported the annualized incident rate over
longer time periods, where temporal changes could be eval-
uated (supplementary table 1, doi.org/10.5061/dryad.
prraxgxh9). Studies from the French West Indies covering
time periods 1992-1997, 1997-2002, and 2002-2007 and
from British Columbia covering the period 1986-2010
showed stable incidence.>*’ Studies with shorter observa-
tional periods published from the Netherlands (6 years),”
Abu Dhabi (7 years),”" Denmark (7 years; not published
data),"> Catalonia (10 years),'* and Hungary (10 years; not
published data)®" revealed no temporal changes in the an-
nualized incidence rates. In contrast to this, the Swedish study
found an increasing incidence in females from 0.07/100,000
person-years (95% CI: 0.04-0.09) between 1987 and 2006 to
0.15/100,000 person-years (95% CI: 0.11-0.20) between
2007 and 2013.'° In Costa Rica, an increase from 0.13 to 0.44
was reported between 2011 and 2015.>

Prevalence

We recognized 25 articles presenting prevalence estimates
ranging from 0.34 to 10/100,000 in adults and from 0.06 to
0.22/100,000 in children (tables 1-3, supplementary tables 1
and 2, doi.org/10.5061/ dryad.prr4xgxh9). The number of
prevalent cases ranged from 6 to 4,377 in adults'>""
3 to 11 in children."**" The census date for prevalence was
not reported in 7 publications,'"!7*!33354042

and from

Geography and Ethnicity: Prevalence

The geographic distribution of prevalent studies is presented in
tables 1-4. In smaller studies with predominantly White pop-
ulations, the prevalence varied from 0.72 to 4.4 to/100,000,
including patients with NMO based on the 2006 criteria and
AQP4-Ab-positive NMOSD.'*'*'”3* In larger populations, it
spanned from 0.57 to 0.58/100,000 based on the 2006
criteria'®'%; 1.04/100,000 counting NMO and AQP4-Ab+
cases'%; 0.7/100,000 involving only AQP4-Ab+ patientsls; and
from 0.7 to 1.91 using the 2015 IPND criteria,' 118313436

Seven reports from predominantly Asian populations revealed
a prevalence between 1.57 and 4.9/ 100,000.%%3337-39,4142
Similar to incidence data, the highest prevalence was found in
African populations: 10/100,000"° and 4.2/100,000** before
the era of AQP4-Ab detection. The prevalence estimate of a

Neurology.org/N

single study from Arab countries demonstrated a prevalence of
1.76/100,000 in adults.*"

A few studies provided head-to-head comparison of the
prevalence of NMOSD in different ethnicities living in the same
geographic area under similar environmental ~White
ancestry.'%'%1318222637 They found that Asian and African an-
cestries have a higher risk to develop NMO/NMOSD than White
ancestry.'®'>'>'® Furthermore, within Asian ethnicities, a higher
prevalence was found among Chinese compared with Malays.>”
When recalculating the prevalence rates of the nationwide
Malaysian study based on their presented row data, similar dif-
ference can be seen between Chinese and Malay ethnicities.”

Sex- and Age-Related Prevalence

All studies that calculated the sex-specific estimates found
the highest prevalence among females, which was 2.3-7.6-
times greater than for males, both in Whites and Africans
(table 3).!1#19263L34-36 pravalence curves by age had a
peak from 30 to 39 in India and between 40 and 59 years for
both sexes in Catalonia and Hungary.'**" For females in
Australia and New Zealand,'® in Tehran and Cuba,**>* the
peak prevalence age was between 40 and 49 years and be-
tween 45 and SS years in the French Indies (supplementary
table 1, doi.org/10.5061/dryad.prr4xgxh9).24

Data are scarce in pediatric populations (table 4). The only 2
studies providing sex-specific prevalence in children reported
1.5 to 2 times higher prevalence for females.'*>®

Serostatus and Prevalence

The prevalence of AQP4-Ab+ NMOSD was greater in the S
studies reporting serostatus-specific data and indicated a sero-
positive to seronegative ratio of 2.3:1 in Denmark,15 34:1in
]apan,z’8 3.8:1in Martinique,10 5:1 in the United States,'® and
52:1in Hungary.31 However, this ratio depends also on applied
criteria and definition of AQP4-Ab— cases. The serostatus-
specific prevalence by age showed higher frequency of AQP4-
Ab— NMOSD in children."*

Temporal Changes in Prevalence

Two studies from Japan evaluated the same geographic area of
Tokachi province over approximately S-year intervals and
showed an increasing prevalence, but different methodological
approaches and NMO/NMOSD criteria may also account for
this change.*®*" In 2011, the research group primarily aimed to
evaluate MS epidemiology, but also identified patients with
NMO using 2006 criteria and calculated NMO prevalence
showing 0.9/100,000 (95% CI: 0.2-2.5).>’ In contrast, the
surveillance in 2016 was dedicated to NMO/NMOSD and
used both 2006 and 2015 criteria: a considerably higher prev-
alence was found (2006 criteria: 2.1/100,000; 2015 IPND
criteria: 4.1/100,000 [95% CI: 2.2-6.9]).>® An increased
prevalence was observed in the French Indies from 1.88/
100,000 (95% CI: 0.82-2.94) in 1992 to 4.20/100,000 (95%
CI: 2.70-5.70) in 2007, but this was explained by a decrease in
mortality.”* To date, no study evaluated at the population level
over a long period of time mortality in NMOSD.
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Table 4 Studies Reporting on the Epidemiology of NMO/NMOSD in Pediatric Populations

The United Arab

Country Japan*! Iceland?®® Denmark? Denmark3° Spain' Iran®® Emirates?’

Published (year) 2016 2015 2018 2019 2018 2017 2018

Study area Nationwide Nationwide Nationwide Nationwide Catalonia Tehran Abu Dhabi

Population (million) 17.5 NS 1.8 1.8 NS 3.02 NS

Age group (y) <15 <18 <18 <18 0-17 0-19 <20

NMOSD cases/ 14/11/- 1/-11 17-11 4/-14 NS/3/5 NS/5/- NS/-/1

prevalent/incident

Source Pediatric departments of Hospital NPR, MS, and Register, laboratory, and Members of organizations, neurology Reported by Department

hospitals hospital hospital department with MS unit, national patient clinician
(randomly selected hospitals registry (NMO diagnosis), and laboratory
according to stratification)

Source population Screened a bigger population Screened a Screened a bigger Screened a bigger population Only NMO diagnosis and seropositive NS Screened a bigger
bigger population cases from the laboratory or population
population reported by clinicians

Definition of — Disease onset Disease onset Disease onset Disease onset — NS

incident cases

Criteria 2006 2006 2006 2015 2015 2015 2015

Included as NMO/ According to 2006 According to According to 2006 According to 2015 According to 2015 NS According to 2015

NMOSD 2006

AQP4-Ab test NS NS NS CBAVELISA CBA ELISA (not all NS

tested)

Incidence/100,000 ND 0.06 (NS) 0.01 (0.015-0.074) 0.031 (0.011-0.082) 0.037 (0.005-0.070) ND UAE (<19): 0.06 (NS)

Period of incidence — 1990-2009 2008-2015 2008-2018 2006-2016 — 2010-2016

rate

Prevalence/100,000 0.06 (0.04-0.08) ND ND ND 0.22(0.19-0.24) 0.16 (NS) ND

Prevalence day December 31, 2007 — — — 2016 NS —

Prevalence NS — — — NS NS —

according to

ethnicity

Age at onset (mean) 10.3 15-17y 133 1.4 NS NS NS

Female 80% 0% 0% NS prev: 66%, inc: 60% 60% 100%

AQP4-Ab positive NS NS NS 75% prev: 33%, inc: 40% NS 0%

Annual incidence — NS NS NS NS — NS

rate/100,000

Continued
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Demographic Data

The basic demographic data are summarized in table 4 and sup-
plementary table 2, doi.org/10.5061/dryad.prr4xgxh9. The mean
age at onset varied from 292%t045.7 years,13 whereas the median
was between 30.5*' and 43" years. The youngest age at onset
was reported from Iran (mean age: 29.2-31.54 years).yF36 The
percentage of females in different epidemiologic cohorts ranged
from 55% to 100%.>>*”*° However, highest percentages of fe-
males ranging from 86% to 100% have been consistently found in
populations from West Indies and Far East.!"***%¥=3%% The
percentage of AQP4-Ab seropositivity was between 27% and
100% (excluding studies only on AQP4-Ab+ cases and where
AQP4-Ab was not tested).>>*”** The lowest percentage of AQP4-
Ab seropositivity was reported in India,* followed by the 3 Iranian
studies,>*® and the study from Southern Denmark."”

The United Arab
Emirates?’

NS
NS
NS

Male: 0.12 (NS);
Female: 0.20 (NS)

Iran®
NS

The mean follow-up was between 5.85 and 9.9 years,”*** and

the median from 3.5 to 12.5 years.'®*> The duration of follow-
up was not mentioned in 11 publications,'>'¥'7~2123:2427,37,39

The majority of the patients had recurrent disease
(719%-97.5%); only 1 study in Iran described monophasic
disease in 60% of the cases, but they did not provide data about
serostatus of these patients.34 Progressive disease course was
reported in 2 studies and was found between 0.2% and
0.6%.>' The frequency of patients with NMO/NMOSD,
who did not survive until the census day, ranged between 0%
and 38.5% when reported.'*'?

Male: 0.29 (-0.11 to 0.69); Female: 0.46 (-0.06 to

0.98)
Male: 0.14 (0.11-0.17); Female: 0.30 (0.26-0.34)

AQP4-1gG+: 0.15 (-0.06 to 0.36); AQP4-IgG-: 0.22

(-0.03 to 0.48)

Spain'
NS

Male: 0.030 (0.0075-0.12);
Female: 0.031 (0.0078-0.13)

Denmark3®

Discussion

NS
NS
prevalence.

This systematic review provides several observations: (1)
NMO/NMOSD is a rare disease; (2) is reported worldwide in a
variety of ethnic ancestry populations; (3) studies investigating
the incidence and prevalence of NMOSD are diverse; (4) the
number of well-designed epidemiologic studies of NMOSD is
increasing; (5) there is a female and AQP4-Ab+ predominance;
(6) incidence and prevalence estimates show a peak age in
middle-aged adults; however, these are often distorted by in-
complete capture (possibly premature death) of older cohorts,
and (7) late-onset NMOSD (age >60 years) is responsible for
one-fourth of the incidence cases. (8) Most of the results suggest
that African ethnicity is associated with the highest incidence and
prevalence, and White ethnicity may have the lowest. It seems
that there has been no definite change in the incidence of NMO/
NMOSD over time. Rare head-to-head comparative studies
suggest a role of genetic factors in developing NMOSD. How-
ever, there is need for more well-designed (large source pop-
ulation with long observation period) studies to identify
potentially concealed features of NMOSD epidemiology.

(0.0029-0.145);

Male: 0.020
Female: 0

Denmark?
multiple sclerosis; prev

NS
NS
NS
not specified; MS

Japan*!
NS

NS
National Patient Registry; NS

One factor that can contribute to the noticed variation could
be the genetic mixture of the observed populations. This is
supported by studies involving different ethnic groups living
in the same geographic region, where environmental factors
are considered comparable.'”'>'>!%2%37%5 Epidemiologic

Abbreviations: AQP4-IgG+ = AQP4 antibody positive; AQP4-IgG- = AQP4 antibody negative; CBA = cell-based assay; inc = incidence; ND = not done; NMO = neuromyelitis optica; NMOSD = neuromyelitis optica spectrum

Table 4 Studies Reporting on the Epidemiology of NMO/NMOSD in Pediatric Populations (continued)
Iceland®®
disorder; NPR

incidence/100,000
prevalence/100,000
Serostatus-specific
estimates/100,000
Incidence tendency

Country
Sex-specific
Sex-specific
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Table 5 Reported Limitations and Observed Considerations of the Epidemiologic Studies of NMO/NMOSD in Predominantly White Populations

Country

Limitations reported by the authors

Further potential limitation

Austria

Only seropositive cases. Not checked for overlooked cases (previously not tested patients,
severe case).

No further comment.

United Kingdom—South
East Wales>?

Not reported.

Short follow-up. Small population size.

United
Kingdom—Northwest
England™

Small sample size. Only adult, selection bias (ON might be underrepresented).

No further comment.

Netherlands?®

“Mild cases and rare phenotypes could have been missed. Have not had clinical and imaging
data of all included patients.”

It was restricted to AQP4-Ab+ cases. Only a single source. Cls were not calculated. Prevalence
was not calculated. Clinical and imaging data: not for all patients—no case validation.

Spain—Catalonia™

“CHSS registries started in 2011 the inclusion of primary care and specialized outpatients visits,
and only those patients coded as NMO and Devic disease were revised....could not rule out
underrepresentation of cases prior to 2005 when AQP4-IgG testing was available and a
selection bias toward more recently active cases. Not all IDD were reevaluated.”

Narrow Cls.

Denmark—Southern
Denmark'74®

“Lower number of MS from the departments than expected. Misclassification of cases the
database, treatmentinfluence, timing of the MRI.” Asgari et al. 2019.: “Incidence rate was based
on the diagnosis of NMOSD and not based on the disease onset.”

Missing data were not described (17%); questionnaire was applied (recall bias). Different AQP4-
IgG assays and 38% of seronegative cases.

Denmark—Central
Denmark™®

“There was insufficient information in medical records or incomplete diagnostic assessment in
50 cases. 36 cases of these patients had not been tested previously via their local departments.
Two-year time span was relatively short.”

Cls were not reported.

Denmark—nationwide'®

“Did not review patients with area postrema syndrome, encephalitis, or unspecified
demyelinating CNS disease. Patients in whom a severe first relapse led to death may have been
lost if AQP4 measurement was not conducted at the onset. Different AQP4 test methods might
influence our results.”

No further comment.

Sweden'®

“Retrospective design. The dependency on clinicians’ diagnosis or suspicion of NMO/NMOSD.
Did not have access to records from outpatient care that was not hospital-based. Some milder
cases of NMOSD may have been missed.”

Validated only on patients registered with NMO in the national patient registry (/CD-10: 36.0 or /CD-9:
9.34A) and patients with known AQP4 antibody seropositivity from a central laboratory—potential
misclassification bias. The number of patients before the available AQP4 antibody test could be
underestimated. Serostatus was not published. CBA available only since 2012.

Hungary (2/3)*'

“We may have missed cases with severe onset, who died before the AQP4-antibody test could
have been performed. We did not screen for all types of demyelinating disorder. Due to missing
crucial data, we excluded 86 patients with a single episode of ON or TM, but none were
reported as possible NMOSD. Missing cases with pediatric onset may slightly decrease.”

No further comment.

Australia and New
Zealand'®

“Only a proportion of our suspected cases had testing for AQP4 antibodies with a cell-based
assay. We have not tested every patient with demyelinating disease of the CNS for AQP4
antibodies. These limitations are, however, only likely to have a relatively small impact on the
overall prevalence. Only currently or recently active cases who have been seen in clinics or
undergone AQP4 antibody testing will have been identified.”

Short period for incidence estimate.

United States—OImsted
County'®

“Serum was not obtained from all potential cases. Underrepresentation of patients with area
postrema and brainstem symptoms.”

Very small sample size (2 patients died between the census date and subsequent follow-up).

Continued
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studies and large case series have reached the same conclusion
that individuals from Asian'®'®**73% and African'®'>*
ancestries have a disproportionately greater risk to develop
NMOSD compared with White ethnic groups. This suggests
that genetic factors may be important in disease susceptibility.
This hypothesis is also supported by familial clustering rec-
ognized in approximately 3% of the cases*” and by the results
of a whole-genome association study.® Of interest, genetic
susceptibility alleles for NMOSD were more closely linked to
those of systemic lupus erythematosus than MS.°

Besides these population-based studies, several research
groups explored the frequency of NMOSD among patients
with idiopathic inflammatory diseases. These works found
increased susceptibility for NMOSD in populations with
Asian, African, Arab, and Latin American background paral-
leled with a lower frequency of MS.**~>!

The Catalan Health Surveillance System; NMOSD

As an environmental trigger factor, latitudinal gradient was
considered in a survey across Australia and New Zealand,
where a slightly higher prevalence of NMOSD was noted at
lower latitudes.'® The nationwide Japanese survey also found a
greater prevalence of NMO/NMOSD in the Southern part of
Japan.'" A review found no correlation between latitude and
prevalence; however, the compared prevalences were calcu-
lated based on different diagnostic criteria, i.e., both NMO and
NMOSD.>* The comparison of large population-based studies
in Europe involving White populations in neighboring coun-
tries in Northern and Central Europe (Denmark, Sweden,
Austria, and Hungary) suggests that genetic factors may be
responsible for some of these latitudinal differences.'>'>'*3!

cell-based assay; CHSS

The registry-based study was not focusing only on NMO. No search for overlooked cases. No

Small sample size. No data on serostatus. No Cls were reported.
data on AQP4-Ab test.
No further comment

Further potential limitation

aquaporin-4 antibody; CBA

Statens Serum Institute; TM: transverse myelitis.

optic neuritis, SSI

Different results among the studies could also reflect varia-
tions in the study design; the size of the study population; the
timing and length of the study; the applied diagnostic criteria;
access to health care and antibody tests; the type of antibody
assays used; whether the estimates were age standardized; the
underlying population’s structure (age and sex); and ethnic
mixture. These factors may remarkably limit the generaliz-
ability and reliability of the results. Estimates can be affected
by multiple biases and random errors, which could even mask
the potential differences among the geographic areas, eth-
nicities, and environmental factors.

acute disseminated encephalomyelitis; AQP4-Ab

myelin oligodendrocyte glycoprotein; ON

The variable performance of AQP4-Ab assays could lead to

children with ADEM and not in children with other ADS phenotypes. (3) We validated the final

ADS diagnoses using health records and radiological reports which were heterogeneous. (4)
Serologic follow-up was not available from most children with ADS. (5) The use of different

months of 2018 were not included in the study. (2) We undertook blinded MRI review only in
AQP4/MOG Ab testing methods may have influenced our results.”

“(1) Children with incident NMOSD or anti-MOG-associated disease during 2016-18 not tested
for AQP4 or MOG Abs and children tested for MOG or AQP4 Abs only at SSI during the first four

Limitations reported by the authors
“Children with mild ON may not have been included”

Acquired demyelinating syndrome; ADEM

Table 5 Reported Limitations and Observed Considerations of the Epidemiologic Studies of NMO/NMOSD in Predominantly White Populations (continued)

= é misdiagnosis of patients due to false-positive or false-negative
= = results.’>>* CBA uses transfected live or fixed cells and either
o = semiquantitative  immunofluorescence  microscopy  or
g 3 fluorescence-activated cell sorting to detect AQP4-Ab. By
5 using a semiquantitative method, the results are dependent on
g the experience of the person assessing the staining pattern.
. § Further methods such as ELISA, tissue-based immunofluo-
g <5 rescence, and immunoprecipitation have particularly shown a

2 g ?*‘f 3{ 5= tendency to false-positive detection.’>*°

=] -] (] © =R

s 288 3 £e The recent studies from Catalonia, Sweden, Denmark, Australia/
Slée 2 New Zealand, and Hungary showed similarities in study design:
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Table 6 Reported Limitations and Observed Considerations of the Epidemiologic Studies of NMO/NMOSD in Predominantly Non-White Populations

Country

Limitations reported by the authors

Further potential limitation

India—Mangalore®®

“Registry method may have led to underdetection of the cases.”

Unknown how many were tested for AQP4-Ab; definition of NMOSD is unsure. Small sample
size. 95% Cls were not provided. Access to health care in India can differ remarkably from
Europe.

Japan—Tokachi®®

Not focused on NMO.

Single source. Small sample size. Only prevalence was investigated.

Japan—Tokachi3®

Not reported.

Survey-based study where they have not searched for overlooked cases.

Japan—nationwide'"

Not reported.

Estimates were derived with a statistical method. No case reviews. Cls, demographic/clinical
data not provided.

Malaysia—Penang Island”

Not reported.

Single source. Small sample size. Only prevalence was investigated.

Malaysia—nationwide??

“Hospital referral bias. The small sample size and the lack of disease awareness/participation
by patients and physicians. The registry-based method of capturing hospital data resulting in
underestimated figures and the role of traditional taboos/beliefs and faith healers.”

The authors stated that the size of the population was 28.7 m and citizens by the ethnic groups
were the following: 68.8% Malay (NMOSD cases: 275—prevalence: 0.98), 23.4% Chinese
(NMOSD cases: 271—prevalence: 0.96) and 7% Indian (NMOSD cases: 24—prevalence: 0.08),
and 1% others. The size of the Chinese population should be 6.72 million (23.4% of 28.7 million)
counting with the 271 identified NMOSD cases results in a prevalence of about 4.04/100,000. For
the Malay ethnic group of 19.75 million (68.8% of 18.7 million—275 NMOSD cases), the
prevalence of NMOSD is 1.39/100,000. When the authors report on the prevalence according to
ethnicity, they applied wrongly the whole population (28.7 m) as denominator instead of the
population’s number of each ethnic groups. The capture-recapture method was applied, which
requests some conditions such as independent sources, but in this study, the same sources
were used to capture and to recapture cases.

The United Arab
Emirates—Abu Dhabi?'

“Small sample size. The method of retrospective chart review limited data gathering. 44% of
patients in the database were not tested for AQP4-IgG. Many patients did not have a complete
work-up for possible seronegative NMOSD. Emirati nationals may also receive their care
internationally therefore data may have been missing.”

Single source. Cls were not given. Sex- and age-standardized rates would be interesting because
only 1/3 of the population is female, and the majority of the population is under 20 years.

Iran—Isfahan®*

Not reported.

No detailed description of the study design (inclusion, AQP4 antibody test). No detailed results.

Iran—Southwest>®

“No exact population number for ethnicity was available. Some patients may have been
referred to larger city for treatment, so they did not have the exact number of patients.”

Used a special interpretation of NMOSD. Only 35 patients were tested for AQP4-Ab. No control
for double counting. Population structure is different from Europe (younger). Their oldest NMO/
NMOSD patients were 58 years old at the disease onset. Therefore, age-standardized estimates
would be helpful. Short follow-up.

Iran—Tehran®®

“The prevalence of NMOSD might be underestimated because some of the NMOSD cases
might not refer to the center studied.”

Recall bias may have occurred. Potential selection bias due to single-source approach. ELISA
AQP4 antibody test may be false positive and false negative (9 results were not reported).

Canada—-British
Columbia?’

Not reported.

Unknown AQP4-Ab test. NMO incidence for 1986 cannot be complete, only incidence
calculation.

Mexico—Mexico City*®

No AQP4 antibody test. Clinical based (not population based). Risk for input bias.

Cases with only ON or TM (confusing how the monophasic disease was interpreted because all
patients with monophasic type with initial event of TM had also impaired vision. So they were
either not monophasic or the initial event was NMO).

Cuba?®

Not reported.

Old criteria before AQP4-Ab test. Incidence was calculated based on prevalence and disease
duration.

France—Martinique and
Guadeloupe?®

Not reported.

Old criteria before AQP4-Ab test. Small sample size.

Continued
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Old criteria before AQP4-Ab test. Small sample size.

Further potential limitation

Limitations reported by the authors

Not reported.

Table 6 Reported Limitations and Observed Considerations of the Epidemiologic Studies of NMO/NMOSD in Predominantly Non-White Populations (continued)

France—Martinique and

Country
Guadeloupe?*

Neurology.org/N

Small sample size.

“Serum was not obtained from all potential cases. Underrepresentation of patients with area

postrema and brainstem symptoms.”

France—Martinique®

Single source.

Pediatric patients and private hospitals were not included. 85.5% of the Costa Rican

population were included. The AQP4-IgG test was not available in all cases.

Costa Rica®

Small sample size. Single source. No AQP4-Ab test. No Cls were presented. No data on source

population.

Not reported.

Kazakhstan—Semej town*?

Pediatric studies

No information on AQP4-Ab test. Low rate of AQP4-Ab test in pediatric ADS.

“Not all medical facilities responded to our survey. The collected patient data in the present

study were based on questionnaire responses, so the reliability could be uneven. Not

Japan®'

investigate pediatric patients with solitary optic neuritis who visited only ophthalmologists.”

optic neuritis, TM: transverse myelitis.

aquaporin-4 antibody; NMOSD = neuromyelitis optica spectrum disorder; ON =

Acquired demyelinating syndrome; AQP4-Ab =

Abbreviations: ADS

large White populations, multiple sources, large proportion tested
with CBA, and access to free health care. The results from Cata-
lonia, Denmark, Sweden, and Australia/New Zealand showed
similar incidence (0.039-0.063/100,000 person-years) and preva-
lence (0.7-1.09/100,000), but the Danish nationwide study only
investigated the adult population with regard to prevalence." The
Hungarian crude and age-standardized prevalence and incidence
were higher than the Catalonian, Danish, Australian/New Zealand,
and Swedish estimates both according to the 2015 NMOSD and
2006 NMO criteria."*"® The 2006 criteria for NMO are more strict
because they do not allow NMO diagnosis with a single ON or
LETM attack despite the presence of AQP4-Ab. Therefore, it is
unlikely that the difference observed between the Hungarian and
the other 4 studies would be caused by a difference in the threshold
of AQP4-AD assays. In addition, the population-based Hungarian
and Danish studies were designed by overlapping research groups
and used similar designs. The major laboratory for the Hungarian
study participated in an international validation of CBA.>®

There have been 4 studies conducted in Scandinavian adults,
including 2 nationwide studies'>'® and 2 smaller regional
Danish studies.'”'” The results of 3 of the 4 reports seem to
be consistent with each other and with other large White
population studies, but are contrary to the data published
from the small study in Southern Denmark delineating the
highest prevalence (4.4/100,000) and incidence (4.0/
1,000,000 person-year) so far in preponderantly White an-
cestry.'” According to the estimates from the Southern
Denmark, the nationwide Danish study should have recog-
nized 202 prevalent Danish NMOSD cases, but only S0
prevalent cases were identified. It is unlikely that such an
inconsistency would be caused by different study methods.
More likely, the higher rates may be due to less strict adher-
ence to criteria or alternative diagnoses in AQP4-Ab- patients
and patients with low and transient AQP4-Ab seropositivity.">
The final estimates of the nationwide Danish study were
similar to the nationwide study in Sweden'® and to another
regional study in Denmark."

The Swedish study showed that the incidence was higher in
males in the period of 1987-2006. Because of the low number
of NMO cases during that time and the overlapping confi-
dence intervals, these estimates should be interpreted with
caution. Overall, 74% of all diagnosed patients with NMO in

16
Sweden were women.

Another smaller study of White ethnicity'® in Olmsted County
also revealed a higher prevalence than the larger studies.
However, the incidence estimate was comparable with those of
the larger studies. The comprehensive approach of the study
from Olmsted County is a strong advantage, such as each in-
dividual with suspected demyelinating disease in the county’s
population was tested for AQP4 antibody with CBA providing
a probably higher recognition rate of cases. However, this study
investigated a small population of 145,979 residents, and there
were only 6 prevalent cases (prevalence: 3.9/100,000 (95% CI:
0.8-7.1)) and a single incident case between 2003 and
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2011 (incidence: 0.07/100,000 person-years (95% CI:
0.00-0.21))."° They also reported that 2 prevalent patients
died in the following year after the census date, which would
have reduced the prevalence rate to 2.7/100,000, assuming that
there were no additional new cases in the following year.
Furthermore, because of the small population and few
NMOSD cases, even missing or adding 1 or 2 cases might have
a considerable impact on the estimates; the lower precision of
the estimates is indicated by the broad confidence intervals.
Considering these, interpreting the differences between the
large studies and the Olmsted County study is difficult.

The recent Dutch study solely estimated the incidence of AQP4-
Ab+ NMOSD to be 0.09 presumably based on the 2015 IPND
AQP4-Ab+ criteria, but confidence intervals are not reported,
and clinical and radiologic information were available only in
38% of the incident cases.”® The ethnicity of the cases may have
influenced the results, as the incidence was 0.08/100,000 for
Whites and 0.19/100,000 for non-Whites. It is not clear whether
disease onset was defined by the onset of the clinical symptoms
or the date of the positive AQP4-Ab. Altogether, the incidence of
the Dutch AQP4-Ab+ White NMOSD population seems to be
more similar to other White population reports.lz*lé’19

Two works from the United Kingdom used a combination of
2006 criteria® and the 2007 NMOSD definition.* These publi-
cations described the epidemiology of NMO/NMOSD in a small
area of Wales and England.">** In Wales, a prevalence of 1.96/
100,000 (95% CI: 1.22-2.97) was observed derived from a
background population of 712,572 inhabitants.>* Surprisingly,
21% of the reported prevalent cases were under age 20 years,
resulting in a higher prevalence in the age group from 0 to 19 years
than in the age group from 20 to 49 years. No other epidemiologic
study has shown similar findings. This may be an anomaly of the
relatively small study population or some hidden capture bias.
Opposite to this, the prevalence of NMO/NMOSD was 0.72/
100,000 (95% CI: 0.31-1.42) among the 1.14 million adult resi-
dents of England, and the incidence was 0.08/100,000 (95% CI:
0.03-0.16) similar to the other large White population studies.

Three separate investigations were published from different
regions of Iran.** > The demographic and clinical data were
different from other studies around the world, especially in
Isfahan.*® All 3 Iranian studies found a lower percentage of
AQP4-Ab-positive cases (46.8%-66.3%), lower mean age at
onset (29.2-31.5 years), and lower last Expanded Disability
Status Scale score compared with most of the other studies.
This inconsistency may be due to different ethnicities or
population structure, but limitations should be also considered

(tables S and 6).

The first recent study from an Arab region, Abu Dhabj,
showed a greater prevalence and incidence of NMOSD
compared with larger White populations.”’ The authors
provided subgroup analysis for Arab residents and the adult
population, but no sex-adjusted and sex- and age-standardized
calculations. These would have given more informative
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estimates, as the percentage of women was only 30% among
the residents, and half of the Emirati citizens in Abu Dhabi
were younger than 19 years.21

According to the latest studies conducted in Asian pop-
ulations (J apanese,11’38 Indian,** Malaysian-Chinese,22’27’37
and Kazakhstan*?), the prevalence ranged from 2.6 to 4.9/
100,000, and the incidence was between 0.39 and 0.6/
100,000 person-years, which are remarkably higher than in
Whites. However, only 2 studies computed the incidence in
Asian ancestries.”>*” The results from India and Kazakhstan
may be an underestimation of the true prevalence due to
differently organized health care systems and limited or no
access to AQP4-Ab assays.”” It should be noted that there is a
lack of prevalence and incidence data from continental
China.

APQ4-Ab was found in a high proportion of the patients
with NMOSD with a few exceptions from India and
Iran, >33 where low sensitivity assays or other autoanti-
bodies may be suspected. Whereas AQP4-Ab+ patients are
likely to be a more consistent cohort to cross compare,
AQP4-Ab- cohorts will vary depending on criteria used,
access to supportive investigations, and even on the clini-
cian’s subjective evaluation.®” In addition, antibody against
myelin oligodendrocyte glycoprotein (MOG) has been
recognized in the AQP4-Ab— NMOSD subgroup. Since the
increasing knowledge about MOG-Ab and related diseases,
there has been increasing concern to separate MOG-Ab-
positive patients with NMOSD phenotype from the
AQP4-Ab+ and double-seronegative NMOSD.>® Only epide-
miologic studies from Catalonia and Japan had the possibility
to test all included AQP4-Ab— patients for anti-MOG."***
They showed that 0% (0/3) of the AQP4-Ab- prevalent
NMOSD cases in the Asian population®® vs 47% (9/19)"* in
the White population were positive for MOG-Ab. More studies
are needed to confirm such population differences, especially in
cases with low or borderline/uncertain AQP4-Ab positivity.
Less standardized methods for MOG-Ab may also contribute
to differences.

Epidemiologic studies were conducted in Martinique and
Guadeloupe before the era of the AQP4-Ab test and again in
Martinique a few years ago.'”**** Both population-based
evaluations presented a high prevalence and incidence in
African ancestry regardless of diagnostic criteria. The results
without AQP4-Ab measurement were 4.2/100,000 (95% CI:
3.7-5.7) for crude prevalence and 0.19/100,000 person-years
(95% CI: 0.15-0.23) for crude incidence, whereas the recent
study including AQP4-Ab-positive patients based on the
2006 criteria gave a prevalence of 10/100,000 (95% CI:
6.8-13.2) and incidence of 0.73/100,000 person-years (95%
CI: 0.45-1.01).

Further epidemiologic studies from Cuba, Mexico, and
French West Indies showed lower estimates, which can be
expected since the 1999 criteria were applied and access to
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AQP4-Ab testing was not available.”***%° Overall, studies
reported relatively stable annualized incidence without any
trend for significant changes over 10-25 years.'#'>2%2%27
Only 2 studies showed increasing incidence,'
single study showed an increasing prevalence over time that
could be explained by reduced mortality.** The increasing
awareness of the disease and easier access to AQP4-Ab CBA
may explain the rise of incidence.'® This together with the
earlier introduction of adequate treatments and promising
new therapies may result in longer survival and slight in-
crease in the prevalence of NMOSD.

whereas a

Data regarding pediatric populations are sparse, but indicate
that NMOSD rarely develops in childhood.'***%73%3#1 1,
Australia/New Zealand, onset before age 20 years was seen in
12% (Prof. Simon Broadley, MD, PhD, written personal
communication, December 12, 2019).

In common with other systemic autoimmune diseases, studies
universally demonstrated a female predominance. This may
relate to female sex hormones and hormonal changes. Female
genetic susceptibility to autoimmune disorders due to silenced
X chromosome via epigenetic mechanisms has also been
suggested. *°%% A recent multicenter study found potential as-
sociation between exogenous hormonal exposure and NMOSD
onset, whereas it was not associated with endogenous hormonal
exposure.** The average and/or median age at disease onset
were similar in the majority of the studies, but all 3 studies from
Iran**° and the studies from the Caribbeans'***~° reported a
younger age at onset, which could be caused by environmental
factors, ethnic influence, or study design. Finally, highest in-
cidence rates reported in West Indians could be due to accu-
mulation of genes of susceptibility coming from White, Indian,
and African ancestry in this population.

Limitation

The major limitation of this work is that we did not use inclusion
criteria for study design and quality. Therefore, the included
studies have variable study designs that may affect the quality of
their results and influence our conclusions. However, we critically
reviewed all studies as shown in tables 5 and 6 and report the
limitations and point out crucial weaknesses in each publication.

Conclusion

The incidence and prevalence of NMOSD vary among the
studies; this could be due to the effects of genetic and envi-
ronmental factors, but may also be related to differences in
study design, study population, and quality of data. NMOSD
has been described worldwide, but it seems to be less frequent
in White populations compared with Asian and African ones.

Future studies should be carefully planned to obtain reliable
results considering the rarity of the disease and to address
epidemiology in more specifically designed settings: (1) by
systematic methods of ascertainment with AQP4-AD testing

Neurology.org/N

in all suspected demyelinating disease cases in a given pop-
ulation as gold standard or targeting of high-risk cases as
secondary standard; (2) use of CBA for AQP4-AD testing as
recommended; (3) strict adherence to clinical and paraclinical
criteria for AQP4-Ab— cases, as epidemiology data within
specific serologic groups may be useful in identifying genetic
effects and etiologic factors; (4) exclusion of MOG-Ab-
positive cases; (5) if (1) is not possible, multiple sources and
capture/recapture methodology should be used to minimize
risks of missed cases; (6) prolonged period of case ascer-
tainment should be considered to avoid missing inactive
disease; and (7) inclusion of pediatric sources of cases.
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